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FOREWORD 

The S h l p p l n g p o r t Atomic P o w r S t a t i o n l o c a t e d In S h l p p i n g p o r t , 
P e n n s y l v a n i a , « s the f i r s t l a r g e - s c a l e , c e n t r a l - s t a t i o n n u c l e a r p o i ^ r 
p l a n t i n the U n i t e d S t a t e s and the f i r s t p l a n t o f s u c h s i z e i n the 
w o r l d o p e r a t e d s o l e l y to produce e l e c t r i c a l p o w e r . T h i s p r o j e c t was 

S u b s e q u e n t to d e v e l o p m e n t and s u c c e s s f u l o p e r a t i o n o f the 
P r e s s u r i z e d Water R e a c t o r i n the AEC-owned r e a c t o r p l a n t a t the 

f J 6 r ' ^ S : r L o r : * r e s : : : c h S a : r d e ; e l S m e n l 7 i o g r f S ^ t r d e s i ^ ' l n r S u i M 
a Light Water Breeder Reactor core for operat ion in the Shipplngport 
S t a t i o n . In 1976. w i th f a b r i c a t i o n of the Light Water Breeder Reactor 

i i ^ S s t r a U o S ' ' e s t a b l t s i e S Hi I d ^ S c e d ' ^ W a t e r ^ r e e S e r A^^Ttca??!!* 
program (AWBA) to deve lop and disseminate t echn ica l informa??on which 
would a s s i s t U.S. industry in e v a l u a t i n g the LWBR concept . All three 
of these reac tor development p r o j e c t s have been administered by the 
D i v i s i o n of Naval Reactors wi th the goal of deve loping p r a c t i c a l 

i e S e r l l T o ^ o f ^Tec t r 1 c a ? t i i l r g y o u s i ^ f w a t e r - c o o l e ^ n L le^^reactors^o"" 

The o b j e c t i v e of the Light Water Breeder Reactor pro jec t has been 

;tiii^:Tiirof ?he-s^i;;^ ^i^-iL^'f:^:^i\,^^^ it 
f a b r i c a t i o n of a w a t e r - c o o l e d , thorium oxide fue l c y c l e breeder 
r e a c t o r to i n s t a l l and operate a t the Shlppingport S t a t i o n . Operation 
of the LWBR core in the Shipplngport S t a t i o n s t a r t e d In the F a l l of 

f t l l l^nfble luH'^l^te ito iy o r ? i r c J r i \ t n " L ^ m : a s l . r r ' * s i l . i ? : ? f o r ? : 
o t e ? a n o S ; ^ * i s ^ i ? e c i : r t o % ' : n ? i j : ^ t L r i r L d 1 n ; ^ i : J i : ? l / J o o k T a c : ! ^ ^ 

The Advanced Water Breeder Appl icat ions (AWBA) projec t was 
i n i t i a t e d to deve lop and d i sseminate t echn ica l Information that w i l l 
a s s i s t U.S. industry in e v a l u a t i n g the LWBR concept for 
commerccal-scale a p p l i c a t i o n s . The projec t w i l l explore some of the 
problems that would be faced by industry In adapting technology 
confermed in the LWBR program. Information to be developed Includes 

other information and technology to aid in e v a l u a t i n g commercial-scale 
a p p l i c a t i o n of the LWBR concept . 

Technical Information developed under the Shlppingport , LWBR, and 
AWBA p r o j e c t s has been and w i l l cont inue to be publ ished In technica l 
menmranda, one of which i s t h i s present repor t . 
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ABSTRACT 
The PDQr8 program i s de s igned to s o l v e the n e u t r o n d i f f u s i o n 
- d e p l e t i o n problem in one , two, or t h r e e d imens ions on the 

a??;S^?Lle3. * ^ ^ r ? L e r d T ^ n s i o n a r s p l t if! ca 1^^!^ ion^niy 
be e i t h e r e x p l i c i t o r d i s c o n t i n u o u s t r i a l f u n c t i o n 
s y n t h e s i s . Up to f i v e l e t h a r g y groups a r e p e r m i t t e d . The 

neulrf nr^mlr^brr^pJ^Jenled 'S la ' i l ig l l3g ;o : ; ' o ;^ : J ^ H J 
^2i^J!^r"^!^:7^ouJJ'e:i":ige'i^tue:u;;^^d L^Ldi^r^^iu; 
c a l c u l a t i o n s may be pe r fo rmed . The HARMONY systern Is used 
for c r o s s s e c t i o n v a r i a t i o n and g e n e r a l i z e d d e p l e t i o n c h a i n 
s o l u t i o n s . The d e p l e t i o n i s a*̂  combina t ion V o s s b l o c k 
d e p l e t i o n fo r a l l n u c l i d e s a s we l l a s a f i ne b l o c k d e p l e t i o n 
for a s p e c i f i e d s u b s e t of the n u c l i d e s . The g e o m e t r i e s 

h:iag:la1, a i r ^ J ^ r y generalulqu^drIliSeJa lcai;om^??r*wilh 
d i a g o n a l I n t e r f a c e s . Al l g e o m e t r i e s a l l o w v a r i a b l e mesh In 

t l i peJ l ru? : i :Sd .xen r f : e "LacL^ t^ r ip rov IS? r as "''l ^s 

ir iroiT\ir 7A7.j.-gVoT^u\i\i ^iv^Zr^t a*r t^:: 
d imens iona l problems a t the r a t e of about o n e - h a l f to 
t h r e e - q u a r t e r s of a m i l l i o n a r o u p - p o i n t s pe r hour . These 
r a t e s a r e for the CDC-7600j the GDC-6600 i s about o n e e - i f t h 
the speed of the CDC-7600. The s y n t h e s i s s p a t i a l s o l u t i o n 
time Is dependent on the number of t r i a l f u n c t i o n s used and 
the number of g r o s s b l o c k s . The a c t u a l r u n n i n g t imes may 
v a r y w i d e l y due to the convergence r a t e of the i t e r a t i o n s , 
due to the use of c o n t r o l s e a r c h e s or f eedbacks , or due to 
the c o m p l e x i t y of the d e p l e t i o n f o r m u l a t i o n . 
The PDQ-8 program i s used a t B e t t i s on a p r o d u c t i o n b a s i s 
for s o l v i n g d i f f u s s o n - d e p l e t i o n prob lems . This r e p o r t 

sepIraielyt^'de^rlSes Jhe*" Inpu t ' ' ^eqS l re r t ru t i Hze these 
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1. GENERAL PROGRAM DESCRIPTION 1. INTRODUCTION 

1 . I . GENERAL PROGRAM DESCRIPTION: INTRODUCTION 

The d e s i g n and a n a l y s i s o f a n u c l e a r r e a c t o r r e q u i r e s d e t e r m i n a t i o n o f t h e 
c h a r a c t e r i s t i c s o f the r e a c t o r t h r o u g h o u t i t s o p e r a t i n g h i s t o r y . These 
c h a r a c t e r i s t i c s I n c l u d e t h e d i s t r i b u t i o n o f power t h r o u g h o u t the r e a c t o r , the 
c o n c e n t r a t i o n s o f the v a r i o u s n u c l i d e s a t d i f f e r e n t l o c a t i o n s i n the r e a c t o r , 
the c o n t r o l rod p o s i t i o n r e q u i r e d f o r c r l t l c a l l t y . p l u s many o t h e r s . A 
k n o w l e d g e o f t h e s e c h a r a c t e r i s t i c s c o n t r i b u t e s to a d e t e r m i n a t i o n o f r e a c t o r 
b e h a v i o r a s s o c i a t e d w i t h m a t e r i a l , t h e r m a l , or r e a c t i v i t y c o n s i d e r a t i o n s . 

With a f i n i t e - d i f f e r e n c e d i f f u s i o n - t h e o r y r e p r e s e n t a t i o n o f n e u t r o n 
t r a n s p o r t t h e o r y , d e p l e t i o n programs s u c h a s t h i s one a r e u s e d ( i n o n e , two , and 
t h r e e d i m e n s i o n s ) to o b t a i n the n e u t r o n f l u x and m a t e r i a l d i s t r i b u t i o n s i n a 
r e a c t o r a t v a r i o u s t i m e s i n l i f e . In p r a c t i c e , the c a l c u l a t i o n s a r e per formed 
i n two s t e p s . F i r s t , f o r an i n i t i a l g e o m e t r y and m a t e r i a l d e s c r i p t i o n o f t h e 
r e a c t o r , the f l u x d i s t r i b u t i o n o f n e u t r o n s i n s e v e r a l e n e r g y g r o u p s i s o b t a i n e d 
a t d i s c r e t e s p a t i a l mesh p o i n t s i n the r e a c t o r and s u r r o u n d i n g r e f l e c t o r 
r e g i o n s . In the s o l u t i o n o f the s p a t i a l p r o b l e m e i t h e r an e i g e n v a l u e , w h i c h i s 
a measure o f the c l o s e n e s s o f the d e s c r i b e d r e a c t o r to c r l t l c a l l t y , i s found o r 
some p a r a m e t e r ( p o i s o n , b u c k l i n g , c o n t r o l rod p o s i t i o n ) i s v a r i e d to y i e l d 
n e u t r o n b a l a n c e . The s p a t i a l f l u x i s combined w i t h the m a t e r i a l i n v e n t o r y and 
n u c l e a r c r o s s s e c t i o n s to o b t a i n the power d i s t r i b u t i o n . 

Once the s p a t i a l f l u x and power d i s t r i b u t i o n s have b e e n o b t a i n e d , t h e 
s e c o n d s t e p i n d i f f u s i o n - d e p l e t i o n programs Is to s i m u l a t e r e a c t o r o p e r a t i o n 
d u r i n g a s p e c i f i e d t ime i n t e r v a l . U s i n g the power n o r m a l i z e d f l u x from the 
s p a t i a l c a l c u l a t i o n , the d i f f e r e n t i a l e q u a t i o n s d e s c r i b i n g the t ime b e h a v i o r o f 
the n u c l i d e c o n c e n t r a t i o n s a r e s o l v e d f o r t h a t t ime I n t e r v a l . The s o l u t i o n 
y i e l d s a new d i s t r i b u t I o n o f n u c l i d e c o n c e n t r a t i o n s i n the r e a c t o r w h i c h i s u s e d 
In t h e g e n e r a t i o n o f f ew - g r o u p m a c r o s c o p i c c r o s s s e c t i o n s f o r the n e x t s p a t i a l 

1 I f e t i m e . 

The PDQr8 program i s d e s i g n e d to s o l v e the n e u t r o n d i f f u s i o n - d e p l e t i o n 
p r o b l e m i n o n e , two , and t h r e e d i m e n s i o n s on t h e CDC-6600 and CDC-7600 
c o m p u t e r s . Up to f i v e g r o u p s a r e a l l o w e d , but s i x e q u a t i o n s may be s o l v e d when 
the f a s t group t r e a t m e n t I s s i m p l i f i e d P ( 3 ) . The thermal n e u t r o n s m a y b e 
r e p r e s e n t e d b y a s i n g l e g r o u p or a p a i r o f o v e r l a p p i n g g r o u p s . A d j o i n t and 
n o n - a d j o i n t p r o b l e m s may be s o l v e d a s w e l l a s f i x e d - s o u r c e , e i g e n v a l u e , and 
b o u n d a r y v a l u e p r o b l e m s . 

The g e o m e t r i e s a l l o w e d ar& s l a b , c y l i n d r i c a l and s p h e r i c a l i n one 
d i m e n s i o n ; r e c t a n g u l a r , c y l i n d r i c a l , and h e x a g o n a l i n two d i m e n s i o n s ; and 
r e c t a n g u l a r and h e x a g o n a l i n t h r e e d i m e n s i o n s . In a d d i t i o n , a v e r y g e n e r a l 
q u a d r i l a t e r a l g e o m e t r y w i t h d i a g o n a l I n t e r f a c e s i s a v a i l a b l e i n two d i m e n s i o n a l 
p r o b l e m s a s w e l l a s t h r e e d i m e n s i o n a l s y n t h e s i s p r o b l e m s . A l l g e o m e t r i e s a l l o w 
v a r i a b l e mesh i n a l l d i m e n s i o n s . A two d i m e n s i o n a l " s l i c e " c a l c u l a t i o n 
c a p a b i l i t y from a t h r e e d i m e n s i o n a l p r o b l e m d e s c r i p t i o n i s a v a i l a b l e to g e n e r a t e 
t r i a l f u n c t i o n s f o r s y n t h e s i s s o l u t i o n s . 

V a r i o u s c o n t r o l r o d , p o i s o n , and moving f u e l s e a r c h e s a s w e l l a s f u e l and 
m o d e r a t o r t e m p e r a t u r e f e e d b a c k s a r e a l l o w e d i n a l l g e o m e t r i e s w h i c h e x h i b i t the 
a x i a l d i r e c t i o n e x p l i c i t l y . % n o n f e e d b a c k i s a l l o w e d i n a n y g e o m e t r y . 

The c r o s s s e c t i o n , f e e d b a c k s , and d e p l e t i o n c a l c u l a t i o n s a r e per formed o v e r 
g r o s s b l o c k s i n a l l d i m e n s i o n s and u t i l i z e the HARMONY s y s t e m . T h i s s y s t e m 
p r o v i d e s a f l e x i b l e r e p r e s e n t a t i o n o f t i m e - d e p e n d e n t c r o s s s e c t i o n s and 
g e n e r a l i z e d d e p l e t i o n c h a i n d e f i n i t i o n s . For e f f i c i e n c y , a dua l type o f 
d e p l e t i o n i s d o n e . A l l i s o t o p e s a r e d e p l e t e d o v e r g r o s s b l o c k s w h i l e a s e l e c t e d 
s u b s e t o f the i s o t o p e s ( u s u a l l y the power p r o d u c i n g i s o t o p e s ) may be d e p l e t e d 
oyrer a f i n e r b l o c k mesh . 

Comple te c o n s i s t e n c y c h e c k i n g o f i n p u t d a t a i s p r o v i d e d a s w e l l a s 
e x t e n s i v e e d i t i n g and p r i n t e r - p l o t t i n g o f c a l c u l a t e d q u a n t i t i e s s u c h a s 
p o i n t w i s e , m e s h w i s e , and b l o c k w i s e d a t a a l o n g w i t h I n t e g r a l s and a v e r a g e s o f 
s u c h d a t a o v e r a r b i t r a r y c o m b i n a t i o n s o f b l o c k s . 

There a r e v e r y f ew f i x e d c o n s t r a i n t s o n s p a t i a l prob lem s i z e s s i n c e the 
e n t i r e program i s w r i t t e n u s i n g dynamic c o r e and d i s k s t o r a g e a l l o c a t i o n 
t e c h n i q u e s . The program h a s s u c c e s s f u l l y run two d i m e n s i o n a l prob lems w i t h up 
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to two m i l l i o n group-points and e x p l i c i t three dimensional problems wi th up to 
s i x m i l l i o n g r o u p - p o i n t s . Three dimensional s y n t h e s i s problems wi th up to 
s e v e n t y m i l l i o n group-points have been executed s u c c e s s f u l l y . The o n l y r e a l 
c o n s t r a i n t on problem s i z e i s the d i s k s torage c a p a c i t y . 

The program can s o l v e two dimensional problems at the r a t e of about one 
m i l l i o n group-points per hour and three dimensional problems at the r a t e of 
about one -ha l f to t h r e e - q u a r t e r s of a m i l l i o n group-po ints per hour. These 
r a t e s are for the CDG-7600; the CDC-6600 i s about o n e - f i f t h the speed of the 
CDC-7600. The s y n t h e s i s s p a t i a l s o l u t i o n time Is dependent on the number of 
t r i a l funct ions used and the number of gros s b l o c k s . The a c t u a l running times 
may vary wide ly due to the convergence r a t e of the i t e r a t i o n s , due to the use of 
contro l searches or feedbacks, or due to the complex i ty of the d e p l e t i o n 
formulat ion. In g e n e r a l , the user w i l l f ind that past exper ience i s the bes t 
re ference for p r e d i c t i n g run time requirements . 

This manual i s des igned pr imar i ly as a t u t o r i a l on how to use the program. 
Ibny d e t a i l e d mathematical s p e c i f i c a t i o n s are not Included but are a v a i l a b l e in 
the referenced documents. 

The f i r s t d e s c r i p t i v e chapter . Chapter 2 , c o n t a i n s a d e s c r i p t i o n of the 
equat ions so lved by the program In the var ious geometr ies and d i m e n s s i n a a l t i e s . 
De ta i l ed d e s c r i p t i o n s of the var ious d i f f e r e n c e equat ions are included. 

In Chapter 3 , a t u t o r i a l on geometry c o n s t r u c t i o n for the var ious 
geometries Is g i v e n . Then in Chapter 10, s p e c i f i c input data required to 
contruct these geometr ies i s descr ibed . This s e p a r a t i o n of the general 
d e s c r i p t i o n of a s u b j e c t from the d e t a i l e d input d e s c r i p t i o n for that same 
subjec t i s t y p i c a l of most of the chapters in t h i s manual. 

In Chapter 4 , a genera l d e s c r i p t i o n of the HARMONY c r o s s s e c t i o n and 
d e p l e t i o n sub-sys tem i s g i v e n . The general form of the d e p l e t i o n equat ions 1* 
g i v e n , the s o l u t i o n to those d e p l e t i o n equat ions i s shown, the treatment of 
f i l e s c o n t a i n i n g nuc l ide d e n s i t i e s i s d e s c r i b e d , and the p o s s i b l e time behavior 
of the c r o s s s e c t i o n s i s d i s c u s s e d . Then in Chapter 11, s p e c i f i c input data 
required to s p e c i f y d e p l e t i o n c h a i n s , c r o s s s e c t i o n s , and I n i t i a l nuc l ide 
d e n s i t i e s i s g i v e n . 

In Chapter 5 , a general d e s c r i p t i o n of the types of a v a i l a b l e e d i t s i s 
g i v e n . Chapter 12 then d e s c r i b e s the Input data required to s e l e c t these e d i t s . 

In Chapter 6 , the var ious contro l s earches and feedbacks are descr ibed as 
wel l as the s t r a t e g y employed when m u l t i p l e searches and feedbacks occur 
s imul taneous ly . Chapter 15 conta ins a d e s c r i p t i o n of the Input data for each of 
the searches and feedbacks . 

Chapter 7 c o n t a i n s a d i s c u s s i o n of the use of ex t erna l or "permanent" F i l e 
Ibnager f i l e s . In a d d i t i o n , each such f i l e that can o p t i o n a l l y be w r i t t e n by 
the program i s descr ibed in d e t a i l so that o ther programs can manipulate them i f 
XI.ecessary . 

Chapter 8 i s the beginning chapter on input preparat ion . Control cards and 
input deck s t r u c t u r e are d i s c u s s e d as wel l as the "free-form* input, the concept 
of c a s e s and s u b - c a s e s , and f i n a l l y an input c h e c k l i s t which i s a l i s t of a l l 
p o s s i b l e cards w i th a very b r i e f d e s c r i p t i o n of each card. 

Chapter 9 c o n t a i n s d e t a i l e d d e s c r i p t i o n s of contro l information. This 
includes a l l of the data vdilch Is used in determining input data c o n s i s t e n c y as 
wel l as the data required to read or wr i te F i l e Ifanager f i l e s . Also Included In 
t h i s chapter Is data required to execute "spec ia l* paths such as input checks , 
e t c . 

Chapter 13 c o n t a i n s d e t a i l e d d e s c r i p t i o n s of the data required to execute 
s u b - c a s e s . Each of the o p t i o n a l cards i s descr ibed and d e f a u l t va lues are 
g i v e n . 

Chapter 14 conta ins d e t a i l e d d e s c r i p t i o n s of the data required to use the 
three dimensional s y n t h e s i s c a p a b i l i t y . The s p e c i a l nature of the s p a t i a l 
s o l u t i o n i s d i s c u s s e d wi th r e s p e c t to l i m i t a t i o n s In problem s i z e . 
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Chapter 16 contains a description of miscellaneous data and simpiy includes 
all input data which does not fall into any other particular category. 

Chapter 17 discusses in detail the form of the output which can be obtained 
from the program using the various edit options available. 

Three appendices are Included on progrramming details. Appendix A is a 
program abstract. Appendix B gives programming details, and Appendix C describes 
the program structure by listing each overlay, each routine in the overlay, and 
a brief statement on the function of the overlay. 

Finally, Appendix D includes three sample problems which are indicative of 
the type of output obtained from different problem types. 
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2 . 1 . SPATIAL FLUX SOLUTIONS: DIFFI^ION EQUATIONS 

There are three forms of the diffusion equation solved by the program. In 
the basic form of the equation, the f i r s t of G ( l e s s than or equal to 5) groups 
is represented by a s ingle equation (P(1) treatment of the fast group) and there 
is a s ingle thermal group. One va r i a t i on of the basic form allows for two 
thermal groups. A second va r i a t ion represents the f i r s t group by two equations 
(P(3) fast group t rea tment) . 

Diffusion coef f i c i en t s and macroscopic cross sec t ions used in the equations 
may be Input d i r e c t l y or may be calcula ted by the program using macroscoj>lc 
cross sec t ion tables along with s p a t i a l l y varying nuclide concentrations and 
input microscopic cross sec t ion tables and/or in te rpola t ing tables for e i t h e r of 
these cross s e c t i o n s . In each of the three forms of the equation, *sigma to t a l* 
re fe rs to the coef f ic ien t of the group flux. 

The basic form of the diffusion equation (s ingle thermal g^oup, P(1) fast 
group) is given by Equations 2 .1 .1 and 2 . 1 . 2 . In these equat ions, (x) 
represents the s p a t i a l v a r i a b l e ( s ) , g is the lethargy group index, and G is the 
index of the thermal group which may be 1, 2, 3 , 4, or 5. 

The second form of the diffusion equation allows for two thermal groups. 
In the case of a two thermal group problem, Equations 2 .1 .1 are unchanged for 
fas t groups but are replaced for g = C-1 and G by Equations 2 .1 .3 and 2 .1 .4 , 
respec t ive ly . Although these appear to be general equations for the treatment 
of two thermal groups, the s p a t i a l ca lcu la t ion of the program ac tua l ly ignores 
the two terms in Equation 2 .1 .3 involving the group G flux. This is only 
acceptable If the second diffusion coeff ic ient for group G-1 and the second 
Sg^ma t o t a l coef f ic ien t for group G-1 are several orders of magnitude smaller 
than the f i r s t d i f fusion coeff ic ient for group G-1, the f i r s t sigma to t a l 
coef f ic ien t for group G-1, and the epithermal removal coe f f i c i en t . I . e . , 
Inequal i ty 2 .1 .5 is s a t i s f i e d . One model which s a t i s f i e s th i s r e s t r i c t i o n 
t r e a t s the thermal neutrons as two overlapping groups and is described in 
Reference 13. In t h i s model the group G-1 flux and the group G flux are the 

Zr.il^rind''i M^^Lel^inier^rspHT^r^^^o'^^h^r^^rJi^Sps'laS^^rii^ '^A 
in a three-dimensional problem. 

The thi rd form of the diffusion equation involves a simplified P(3) 
treatment of the fast group. Since th i s treatment requires two second-order 
d i f f e r e n t i a l equations for the fast group, the program under th i s option 
automatical ly increases the number of so lu t ion groups by one during the s p a t i a l 
ca l cu la t ion . Spec i f i ca l ly , in a P(3) ca lcu la t ion Equations 2 .1 .1 for groups 1 
and 2 are replaced by the three Equations 2 .1 .6 , and Equation 2 .1 .2 is replaced 
by Equation 2 . 1 . 7 . At the end of the s p a t i a l ca lcu la t ion , the number of groups 
is automat ica l ly reduced by one ( to the o r ig ina l number) and the fast flux is 
defined as in Equation 2 . 1 . 8 . 

The va r i a t ions for two thermal groups and P(3) treatment of the fast group 
may be used in the same problem. 



PDQ-8 REFERENCE MANUAL 
2. SPATIAL FLUX SOLUTIONS 

2.1 (5/78) Page 2 
1. DIFFUSION EQUATIONS 

EQUATIONS 2.1.1 2.1.2 

f-7«[D ( X ) ^ (x)] + [5r(x) ♦ 2f(x) ♦ D (x)B (x)]0 (x) 
S B O w D D D f 

^ H^) . ^.i(x)0g.,(x)}' l1 
2.1.1 

where 

and 
^(x) 0 

♦(X) - f vl^(x)xJx) 
^ 1 

2.1.2 

The physical Interpretations of these symbols are 

D . the diffusion coefficient, 

2f « the macroscopic absorption cross section, 

r^ . the macroscopic removal (slowing down) cross section, 

B 

B 

X 

the geometric buckling, 

mbek of neutrons emitted per fission, the average number 

the macroscopic fission cross section, 

the fission source fraction, 

the «utron flux, 

source, and 
the eigenvalue. ueu 
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EQUATIONS 2.1.3 - 2.1.5 

-V.[D^_^(x)V*Q_^(x)] ♦ [J^_j,(x) ♦ DJ,^(X)B^_^(X)]^J,_^(X) 

- % i t(x) ♦ Vl(x)lJ,2(*)V2(*) ♦ V.[D2^^(X)^^^,(X)] 

where K^_^ = fraction of group G-2 neutrons which downscatter 
into group G-1. 

.V.[D̂ (x)V̂ (̂x)l ♦ [lj(x) ♦ DJ(X)^(X)]C^^(X) 

- ^ ♦(x) ♦ I\j(x)jJ,2(x)0Q.2(x) ♦ '•LD^(X)\;0Q,^(X)] 

where R^ = fraction of group G-2 neutrons which downscatter 
into group G. 

{-Ir^-il-fei.^-.Vi) 
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EQUATIONS 2.1.6 - 2.1.8 

0^m^^. 20^ 

2.1.6 

G 
♦ - V J ^ ^ ^ . 2 N 4 0 J ^ * ^ vŜ 0g 2.1.7 

^2 

2.1.8 
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2 .2 . SPATIAL FLUX SOLUTIONS: EXPLICIT SOLUTIONS 

The program may be used to solve s ix different types of exp l i c i t 
(non-synthesis) problems: eigenvalue, boundary valne, one i t e ra t ion , fixed 
source, addit ive fast source, and sli>q>>lfied P(L). The equations in Section 2.1 
are the governing equations in eigenvalue, boundary value, and one I te ra t ion 
problems. 

In fixed source problems. Equation 2.1.2 is not used and the f iss ion source 
term (the product of the groupwise chi and the f iss ion source divided by lambda) 
In Equations 2 .1 .1 is replaced by the Input source S(x) for each group. 
Likewise in a P(3) fixed source problem. Equation 2.1.7 is not used and'the 
f i ss ion source terms in Equations 2.1.6 are replaced respect ively by SKx) , 
-2 /3 SKx) , and S2(x), where SKx) and S2(x) are the Input source values for 
groups 1 and 2. 

In addit ive fast source and simplified P(L) problems, an "additive" fixed 
source (addit ive In the sense that the f iss ion source term is also present) is 
included. Such an addit ive source is present only in the f i r s t group in an 
addit ive fast source ca lcu la t ion . This "source" in the f i r s t group is the 
thermal group removal cross sect ion for both of these problem types. In th i s 
case, the thermal group removal cross sect ion does not contribute to the thermal 
group to ta l cross sec t ion . In simplified P(L) problems, there is an additive 
source in every group g (greater than 1) which is the removal cross sect ion for 
group g -1 . 

In a simplified F(L) ca lcu la t ion , the slowing down term (namely, the 
product of the group removal cross sect ion and the group flux) is replaced by 
the appropriate group g removal cross sect ion so that EACH solut ion group 
contains an addit ive fixed source. ffothemaaleally, the solut ion of both the 
addit ive fast source and simplified P(L) problems is a boundary valne problem 
and as such converges only if the problem without the additive fast source is 
s u b c r i t i c a l . Incidental ly , the r a t i o of the second mode eigenvalue to the f i r s t 
mode eigenvalue (printed in the i t e ra t ion output as SIG/I or SIG/0) for these 
problems is the eigenvalue of the problem without the fixed additive source 
provided a suff ic ient number of inner i t e ra t ions is performed AND a uni ty 
eigenvalue guess is input (see Reference 4 ) . 

In a l l problems for which the f iss ion source is represented by Equation 
2 .1 .2 or 2 .1 .7 , the lambda term in the denominator of those equations is the 
input eigenvalue guess and does not change during outer i te ra t ions except in 

Zero flux, zero current , and ro ta t iona l symmetry boundary conditions (see 
Section 3.7) are permitted for a l l problem types, with fixed flux boundaries 
also permitted in boundary value problems. 

The difference equations used in the exp l i c i t solution for various 
geometries and dimensional i t ies are given In Section 2.4 . The one-dimensional 
group equations are solved by (kiuss elimination; the two-dimensional equations 
are solved using a s ing le - l i ne cyclic Chebyshev semi- i tera t ive technique 
(Reference 10); and s ing le - l ine successive overrelaxation is used in three 
dimensions. The outer Iteratnons are accelerated by extrapolat ing the group 

ll^''Tr.r:V4lttrp7^lttT^ln'^^^^^^^^^ 

The convergence c r i t e r i o n used by the program for exp l ic i t solut ions is 
given by Inequality 2 . 2 . 1 . Only points for which the f iss ion source is non-zero 
are tested for convergence. In eigenvalue and boundary value problems, source 
i t e ra t ions are performed un t i l th i s c r i t e r i o n is sa t i s f l ed in a 1l groups. A 
single source i t e r a t i on is performed in one i t e ra t ion problems and In both these 

^ d l ^ i rs l t l I?lJ i !"- , I r"slo^;!r*corverg:nr1^ronJmi? eEqSaflonp l^^'A tT. 
al tered s l i g h t l y to assure that the maximum re la t ive error of the flux does not 
exceed the square root of the Input convergence c r i t e r i o n (epsUon). 
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EQUATION 2.2.1 

Max 
X ^n(^) 2.2.1 

where 

0^(x) is the flux at point x at the end of iteration n 
c is the convergence parameter. 
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2 . 3 . SPATIAL FLUX SOLUTIONS: SYNTHESIS SOLUTIONS 

S y n t h e s i s s o l u t i o n s ( e i g e n v a l u e prob lems o n l y ) a r e a v a i l a b l e f o r 
t h r e e - d i m e n s i o n a l p r o b l e m s . The s y n t h e s i s n e t h o d a s s u m e s t h a t t h e 
t h r e e - d i m e n s i o n a l f l u x h a s the form shown i n E q u a t i o n 2 . 3 . 1 , where t h e 
t w o - d i m e n s i o n a l t r i a l f u n c t i o n s ( t h e H ( x , y ) ) a r e assumed known w h i l e the a x i a l 
m i x i n g c o e f f i c i e n t s ( t h e Z ( z ) ) a r e to be d e t e r m i n e d . Note t h a t K(g) terms a r e 
u s e d t o a p p r o x i m a t e the f l u x i n g r o u p g . 

The program u s e s the a x i a l l y - d s c o o n i n n u o u s t r i a l f u n c t i o n method ( R e f e r e n c e 
11) w h i c h a l l o w s the u s e r to s w i t c h s e t s o f t r i a l f u n c t i o n s u s e d i n d i f f e r e n t 
a x i a l z o n e s . Thus the H ( x , y ) i n E q u a t i o n 2 . 3 . 1 a r e a l s o d i s c o n t i n u o u s f u n c t i o n s 
o f z . 

The t r i a l f u n c t i o n and z o n e s t r u c t u r e a r e d e f i n e d b y the u s e r . Up t o 
f i f t e e n t r i a l f u n c t i o n s i n e a c h g r o u p a r e a l l o w e d i n up to f i f t e e n a x i a l z o n e s . 
The t r i a l f u n c t i o n s a r e t w o - d i m e n s i o n a l p o i n t w i s e f l u x s h a p e s i n p u t b y the u s e r . 
These may be c o n v e n i e n t l y g e n e r a t e d b y a program o p t i o n w h i c h d i r e c t s the 
program t o run a t w o - d i m e n s i o n a l p r o b l e m a t a p a r t i c u l a r a x i a l e l e v a t i o n g i v e n a 
t h r e e - d i m e n s i o n a l p r o b l e m i n p u t d e s c r i p t i o n . The u s e r may a l s o d e f i n e t r i a l 
f u n c t i o n s b y s p e c i f y i n g a p a r t i c u l a r a x i a l e l e v a t i o n o f an e x i s t i n g 
t h r e e - d i m e n s i o n a l p o i n t w i s e f l u x d i s t r i b u t i o n . The program w i l l a l s o c r e a t e 
d i f f e r e n c e t r i a l f u n c t i o n s or g e n e r a t e a u n i t y t r i a l f u n c t i o n upon r e q u e s t . A 
d i f f e r e n c e t r i a l f u n c t i o n i s c r e a t e d b y t a k i n g the p o i n t w i s e d i f f e r e n c e o f two 
e x i s t i n g t r i a l f u n c t i o n s ; a u n i t y t r i a l f u n c t i o n h a s a v a l u e o f 1 . 0 a t a l l 
p o i n t s e x c e p t o n a z e r o f l u x b o u n d a r y where i t i s 0 . 0 . 

Note t h a t the s e t o f Input t r i a l f u n c t i o n s i n a g i v e n z o n e must be l i n e a r l y 
i n d e p e n d e n t . F u r t h e r , n e a r l i n e a r d e p e n d e n c e o f the t r i a l f u n c t i o n s r e s u l t s i n 
c o n v e r g e n c e d i f f i c u l t i e s . 

The program s o l v e s f o r t h e e i g e n v a l u e and a x i a l m i x i n g c o e f f i c i e n t s f o r 
e a c h g r o u p , t r i a l f u n c t i o n , and a x i a l p o i n t . These m i x i n g c o e f f i c i e n t s a r e t h e n 
combined w i t h t r a n s v e r s e p l a n a r i n t e g r a l s o f the f l u x to form the 
t h r e e - d i m e n s i o n a l b l o c k w i s e i n t e g r a t e d f l u x e s f o r e d i t i n g and d e p l e t i o n . The 
program a l s o c o m p u t e s t h e f r a c t i o n a l f l u x c o n t r i b u t i o n ( n o r m a l i z e d m i x i n g 
c o e f f i c i e n t ) f o r e a c h t r i a l f u n c t i o n p o s i t i o n b a s e d on the s o l u t i o n m i x i n g 
c o e f f i c i e n t s . F r a c t i o n a l f l u x e s a r e d e f i n e d by E q u a t i o n 2 . 3 . 2 . and i n d i c a t e t h e 

irii'or'niav ^-^St^r^lTir trroV:mt*̂ %njal :i::"^siruoiX" tiiitr'-i 
three-dimensional po intwise f l u x . Note tha t . In a s y n t h e s i s problem, the 
po intwise f l u x i s u s u a l l y not generated s i n c e very large problem s i z e s can be 
accomodated i f such f l u x i s not required . The c o n d i t i o n s under idiich a 
po in twise f l u x i s g^nerated are descr ibed in S e c t i o n 1 2 . 3 . For very large 
s y n t h e s i s problems, g e n e r a t i o n of a pointwise f l u x may not be p o s s i b l e due to 
l i m i t a t i o n s in d i s k s torage c a p a c i t y . 

The Wei landt i t e r a t i o n method i s used by the program to s o l v e for the a x i a l 
mixing c o e f f i c i e n t s and e i g e n v a l u e . This method converges to the s o l u t i o n 
a s s o c i a t e d wi th the e igenva lue c l o s e s t to the input guess e i g e n v a l u e . Since we 
d e s i r e the s o l u t i o n g i v i n g the l a r g e s t e i g e n v a l u e , i t i s recommended that the 
input e igenva lue guess be higher than expected . In an attempt to guarantee an 
o v e r e s t l m a t i o n i n i t i a l l y and for s u c c e s s i v e s o l u t i o n s during feedback p r o c e s s e s , 
the program w i l l Increase the guess e igenvalue by ten per cent before the 
i t e r a t i o n b e g i n s . 

In the c a l c u l a t i o n of the s y n t h e s i s t r i a l funct ion i n t e g r a l s from which the 
i t e r a t i o n matr ices are computed, the input t r i a l funct ions are a l s o used as the 
weight funct ions ((Talerkin method). The approximations used by the program for 
the computation of the t r i a l func t ion f lux product i n t e g r a l s are g iven in 
S e c t i o n 2 . 4 . 

The convergence c r i t e r i o n used by the program for s y n t h e s i s i t e r a t i o n s i s 
g i v e n by I n e q u a l i t y 2 . 3 . 3 . Note that a loose convergence c r i t e r i o n in s y n t h e s i s 
problems may produce e r r a t i c r e s u l t s . Synthes i s problems should g e n e r a l l y be 
converged more t i g h t l y than e x p l i c i t , problems. 

The user may o p t i o n a l l y request thaf the program perform a r e s i d u a l 
c a l c u l a t i o n to provide an e s t i m a t i o n of the accuracy of a s y n t h e s i s s o l u t i o n . A 
po in twi se r e s i d u a l for each group i s an indicator of neutron balance , def ined to 
be the d i f f e r e n c e between the l e f t s i d e and the r i g h t s i d e of the d i f f u s i o n 
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e q u a t i o n ( E q u a t i o n s 2 . 1 . 1 ) ; i . e . , i t I s the d i f f e r e n c e b e t w e e n l o s s r a t e and 
p r o d u c t i o n r a t e f o r a g i v e n f l u x and e i g e n v a l u e s o l u t i o n . The program conqputes 
the I n t e g r a l s o f t h e s e p o i n t w i s e and g r o u p w l s e r e s i d u a l s o v e r p l a n a r g r o s s 
b l o c k s based on t h e e i g e n v a l u e and m i x i n g c o e f f i c i e n t s o f the s y n t h e s i s 
s o l u t i o n . These I n t e g r a l r e s i d u a l s a r e t h e n summed i n a b s o l u t e v a l u e o v e r a l l 
p l a n a r g ^ o s s b l o c k s p r o d u c i n g a s i n g l e r e s i d u a l v a l u e ( c a l l e d t h e a b s o l u t e 
r e s i d u a l ) f o r e a c h a x i a l p o i n t ( p l a n e ) and g r o u p . A r e l a t i v e r e s i d u a l i s a l s o 
coii«>uted by n o r m a l i z i n g the a b s o l u t e r e s i d u a l b y the sum ( i n a b s o l u t e v a l u e ) o f 
the l o s s r a t e s ( l e f t s i d e of E q u a t i o n 2 . 1 . 1 ) i n t e g r a t e d over p l a n a r g r o s s b l o c k s 
f o r e a c h p l a n e and g r o u p . 

The p r o c e d u r e u s e d b y the program f o r t h e c a l c u l a t i o n o f r e s i d u a l s I s b a s e d 
upon the u s e o f r e s i d u a l s i n the s a t i s f a c t i o n o f t h e t h r e e - d i m e n s i o n a l f i n i t e 
d i f f e r e n c e e q u a t i o n s f o r w h i c h the s y n t h e s i s method c o n s t r u c t s a n a p p r o x i m a t e 
s o l u t i o n . In t h i s framework, t h e e x a c t s o l u t i o n to the p r o b l e m i s c o n s i d e r e d t o 
be the e x p l i c i t s o l u t i o n t o t h e s e f i n i t e d i f f e r e n c e e q u a t i o n s f o r the s p e c i f i c 
t h r e e - d i m e n s i o n a l mesh under c o n s i d e r a t i o n . The computed r e s i d u a l s t h u s a r e an 
e s t i m a t e o f t h e d e v i a t i o n o f the s y n t h e s i s s o l u t i o n from a t h r e e - d i m e n s i o n a l 
e x p l i c i t s o l u t i o n . 
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EQUATIONS 2.3.1 - 2.3.3 

K(g) 
Ax,y,z) . Y ^(x,y) 2«(z) 

where 

2.3.1 

Hr(x,y) are the trial functions 

Z^(z) are the axial mixing coefficients 

K(g) Is the number of trial functions used for group g. 

Z«(z) / Hj(x,y) dx dy 

y Z«(z) J* Hj(x,y) dx dy 
tl 

2.3.2 

1 1 
^ * X^ 

J. 2.3.3 

are the maximum and minimum measures, respectively, where \ and X n ~i 
of the estimated eigenvalue \ after n iterations, \ is 
the effective eigenvalue guess, and e is the input convergence 
parameter. 



PDQ-8 REFERENCE MANUAL 2.4 (5/78) Page 1 
2. SPATIAL FLUX SOLUTIONS 4. DIFFERENCE EQUATIONS 

2.4. SPATIAL FLUX SOLUTIONS: DIFFERENCE EQUATIONS 
This section contains the difference equations used by the program in both 

explicit and synthesis solutions. 
Explicit Solutions 

The d i f f e r e n c e equat ions for e x p l i c i t s o l u t i o n s to the d i f f u s i o n equat ion 
are derived a t the mesh p o i n t s ; thus the f l u x s o l u t i o n of the problem w i l l be 
obtained at the mesh p o i n t s . The d i f f e r e n c e equat ion c o e f f i c i e n t s are descr ibed 
here in terms of the c o n t r i b u t i o n of a s i n g l e mesh element in a p a r t i c u l a r 
geometry (and d i m e n s i o n a l i t y ) to the c o e f f i c i e n t s in the d i f f e r e n c e equat ions 
for the p o i n t s at the v e r t i c e s of the mesh e lement . Note that the t o t a l 
c o e f f i c i e n t in the d i f f e r e n c e equat ion a t any mesh point w i l l be the sum of the 
c o n t r i b u t i o n s from a l l of the mesh e lements surrounding the mesh p o i n t . The 

s ^ l c i l i r l e l e r m l i e r i r f o n o ^ ! * I? ?'Ll^Qlrt\Z%itTilti'ft a'^m^sH li^^itT 
then the s u b s c r i p t s PP and PQ are used to d e s i g n a t e the c o n t r i b u t i o n s of the 
element to the c o e f f i c A e n t s of the f luxes a t p o i n t s P and Q r e s p e c t i v e l y . In the 

The c o e f f i c i e n t c o n t r i b u t i o n s from a s i n g l e mesh element in var ious 
geometries and d i m e n s i o n a l i t i e s are as f o l l o w s : 

1-D: The one-dimensional mesh element i s shown In Figure 2 . 4 . 1 . The 
c o e f f i c i e n t c o n t r i b u t i o n s are g i v e n by Equations 2 . 4 . 1 . Here r i s 
the d i s t a n c e from the o r i g i n (po in t 0) to point P, and p i s 0 , 1, 
and 2 for r e c t a n g u l a r , c y l i n d r i c a l , and s p h e r i c a l geometry 
r e s p e c t i v e l y . 

3-D Rectangular: In the three-dimens ional rec tangular c a s e , i f r e c t a n g l e 

2-D Hexagonal: The mesh element for hexagonal geometry Is shown In Figure 
2 . 4 . 4 . The c o e f f i c i e n t c o n t r i b u t i o n s (Reference 9) are g i v e n by 
Equations 2 . 4 . 5 . 

3-D Hexagonal: In the three dimensional hexagonal c a s e , i f t r i a n g l e STU i s 

^̂  *"i:iL'i?rlis '̂ ^^ •?. 'Ai-v2.i'.i. x-^^rrUui. ?ni;ii::t:^ 
(Reference 8) are g i v e n In Equations 2 . 4 . 7 . 

Synthes i s S o l u t i o n s 

The d i f f e r e n c e equat ion c o e f f i c i e n t s required for the s y n t h e s i s s o l u t i o n of 
the d i f f u s i o n equat ion Involve terms comprised of the product of a macroscopic 
c r o s s s e c t i o n and a s y n t h e s i s t r i a l func t ion i n t e g r a l . S ince the macroscopic 
c r o s s s e c t i o n i s constant over gross b locks ( s e e S e c t i o n 3 . 8 ) , the t r i a l 
funct ion i n t e g r a l s are c a l c u l a t e d over these same s e t s of planar meshes and then 
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c o n t a i n e d . The r e q u i r e d I n t e g r a l s a r e o f t h e f o r m g i v e n i n E q u a t i o n s 2 . 4 . 8 . 

I n r e c t a n g u l a r g e o m e t r y , t h e i n t e g r a t i o n i s o v e r t h e p l a n a r mesh e l e m e n t i n 
F i g u r e 2 . 4 . 7 . The c o n t r i b u t i o n o f t h i s m e s h e l e m e n t t o e a c h of t h e t h r e e t y p e s 
o f t r i a l f u n c t i o n i n t e g r a l s I s g i v e n I n E q u a t i o n s 2 . 4 . 9 . 

I n h e x a g o n a l g e o m e t r y , t h e i n t e g r a t i o n I s o v e r t h e p l a n a r mesh e l e m e n t i n 
F i g u r e 2 . 4 . 8 . The c o n t r i b u t i o n o f t h i s mesh e l e m e n t t o e a c h o f t h e t h r e e t y p e s 
o f t r i a l f u n c t i o n i n t e g r a l s 1A g i v e n In E q u a t i o n s 2 . 4 . 1 0 . 

I n q u a d r i l a t e r a l g e o m e t r y , t h e I n t e g r a t i o n i s o v e r t h e p l a n a r mesh e l e m e n t 
I n F i g u r e 2 . 4 . 9 . The c o n t r i b u t i o n o f t h i s m e s h e l e m e n t t o e a c h o f t h e t h r e e 
t y p e s o f t r i a l f u n c t i o n i n t e g r a l s i s g i v e n i n E q u a t i o n s 2 . 4 . 1 1 . 

I 
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ONE-DIHENSIONAL DIFFERENCE EQUATIONS 

Q 

FIGURE 2.4.1 ODe-Diawnslonal Mesh Elemetit 

ir 4 h/2)P 
tm em \'' ▼ * V ^ i n 

Cj^ . (*• ♦ V^) l i _ E* - Cp, 

. (r * hji*^ - (r ♦ b/2)'*^ ̂ t . 
^ P ♦ 1 ^^ 

where T^ -= sigma total 

2.i^.l 
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TWO-DIMENSIONAL RECTANGULAR AND CYLINDRICAL DIFFERENCE EQUATIONS 

FIGURE 2.1̂ .2 

Two-Dimenslonal Mesh Element £or 
Rectangular and CyUndrlcal 
GeoDetry 

Rectangular: 

K̂i- V-Ss-CsR--2h;[ 

\ 
^ P R - S P - ^ Q S - C S Q - - 2 ^ 

D 

D 

, , , , ^1^2 ^t , 
- Cr ^R l -^FR 

2.1^.2 

Cylindrical: 

CRI - V " ^Rs - S R - - -^-^^SE;^ ^ 

(r + h A)h^ 
C p R - S p SE; ° 

(r ♦ 5h,A)h 
^QS-^SQ ^ ° 

Q̂Q • ^SS • 

(r*h^A)h^h2 ^ 

(r ♦ 5HiA)hih2 ^ 

^ P P - ^RR " ^ ^ ^ - ^PQ - ^PR 

2 - C„r. - C„„ 
QP OS 

2.k.3 
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THREE-DIMENSIONAL RECTANGULAR DIFFERENCE EQUATIONS 

FIGURE 2.4.3 

Three-Dimenslonal 
Rectangular Mesh 
Element 

R̂i - V Ss " ŜR - ^ - SJT - Sw - S/V 

^Hl - S P - Q̂S - ŜQ - T̂V - S T - %W ■ SAJ 

P̂T - T̂P - CQU - S Q - R̂V - S R - ŝw - S s 

^pp■ ^QQ- °RR - ^ss - ^TT- ^uu- Snr- S « 

2.1».l^ 

îV 
B ^ ^ " ^M ' P̂R " ^PT 
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TWO-DIMENSIONAL HEXAGONAL DIFFERENCE EQUATIONS 

FIGURE 2.4.4 
Two-Dlaenslonal 
Bexagonal Mesh Element 

^Ki - %? D 

^IR-«RP--^ 

^ Q R - S Q - - ^ 

hg - hĵ  cos a 
2 h^ sin a 
h^ - hg cos a 

2 hg sin a 

cot a 

Cpp.iD[^+^) ' + ^ ) CSC a - 2 cot a] + 
E h ^ h g s l n a 

hgcsca L* 
\ ^ Bin a 

h.csc a Ŝ  h^ hp sin o 
SR-^-HTB;- ♦ — ^ ^ 2.k,^ 
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THREE-DIMENSIONAL HEXAGONAL DIFFERENCE EQUATIONS 

FIGURE 2.4.5 

Three-Dlmenslona1 
Hexagonal Mesh Element 

k -H 
h, (hg -h^ cos a) 

^Rt-V^ST-^TS--" "ki^sina 

h. (h^ -hg cos a) 

K cot a 
D 

<=ps-Sp-=»-'^-=RO-'im D ■^S sin a 
"TK: 

S rr**! ^> 

h^ h CSC a £ h, h^ h- sia a 

h. h esc a ^ h. 1L̂  h, sin a 

SR-SU-° ?fag ♦ W 

h^ hg h^ sin g 
- C 
=PS 

03? 

'RU 2.J».6 
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TWO-DIMENSIONAL QUADRILATERAL DIFFERENCE EQUATIONS 

FIGURE 2.4.6 

Two-Dinensiooal 
Quadrilateral Mesh Element 

coordinates of points P, Q, and R are 
(Xp,yp), {x^,y^), and ix^,y^) respectively. 

The area of the triangle is A. 

K̂i- Vl^'^^2^3*^'^3^ 
Cpp « Cpp ■ ♦ ̂  [/̂ 2 ^̂orl ♦ Z«g /^3 

CQR-CRQ--i&^^5^1 ♦^3^1^ 

2.if.7 

where Z»^ . x^-Xp 

^ 3 " '̂ "''P 

^ 1 - V^P 
^ 2 - ^R-^Q 
^ 3 " ^R'^P 
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RECTANGULAR SYNTHESIS TOIAL FUNCTION IWTEGMLS 

Z^ m JJ 0(x,y)dxdy 

Zg » JJ 0(x,y) ♦(x,y)dxdy 

Zj m II v^J(x,y)-V*(x,y)dxdy 

where 0(x,y) and «(x,y) are planar trial fyinctions and 
the integrals are computed over planar gross blocks. 

2.4.8 

FIGURE 2.4.7 
Planar Rectangular 
Mesh Element 

2.l̂ .9 
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HEXAGONAL SYNTHESIS TRIAL FUNCTION INTEGRALS 

FIGURE 2.4.8 

Planar Hexagonal 
Mesh Element 

ac 

3̂ ■ (sr*Sc) ^̂ 1*̂ 0̂  ^ W 

-2^(*2-^0)(VV 

2.1̂ .10 

where a. d^, b«dg coso, and c.dg sin o 
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QUADRILAIZRAL SYNTHESIS IHIAL FUNCTION INTE^tALS 

FIGURE 2.4.9 

Planar (Quadrilateral 
Mesh Element 

Coordinates of points P, Q, and R are 
(Xp, yp), (XQ, yq), and (Xĵ , y^), respectively. 

The area of the triangle is A. 

h = 3 ̂ ^ + ̂  + ̂ R) 

h ' U [̂ P <2tp + ♦Q + ^R) + % <2tQ + tp + ♦«> 

+ \ (2«^ + ♦p + tq)] 

^3-i{<Vp>VV<^^^y3> 
+ (0j^-0p)(V*p)(^ + Ay2) 

- [C^R-̂ P><V*P> ^ <^-^P><V*P>IA«1^«3 - ^ l̂̂ ^s]} 

2.4.11 

where Ax̂  - x -Xp 

A-2 - V - Q 
Ax- " X -Xp 

Ay* = yo"yp 

^̂ 2 - V^Q 
Ay. » ŷ 'Yp 
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3 . 1 . GEOMETRY DESCRIPTION: INTRODUCTION 

The r e g i o n of s o l u t i o n o f t h e p r o b l e m i s i n o n e o f t h e f o l o o w i g r a - v a l a b l e 
g e o m e t r i e s : 

1-D: r e c t a n g u l a r , c y l i n d r i c a l , s p h e r i c a l 
2 - D : r e c t a n g u l a r , c y l i n d r i c a l , h e x a g o n a l , q u a d d r l a t e r a l 
3 - D : r e c t a n g u l a r , h e x a g o n a l , q u a d r r l a t e r a l 

( q u a d r i l a t e r a l a v a i l a b l e i n 3 -D f o r s y n t h e s i s s o l u t i o n s o n l y ) 

T h e s e s o l u t i o n g e o m e t r i e s a r e c o n s t r u c t e d u s i n g one o f t h e b a s i c 
d e s c r i p t i v e g e o m e t r i e s : r e c t a n g u l a r , h e x a g o n a l , and q u a d d r l a t e r a l . 
C o n s t r u c t i o n o f t w o - d i m e n s i o n a l r e g i o n s of s o l u t i o n w i l l be d i s c u s s e d f i r s t , a s 
t h e o n e - d i m e n s i o n a l and t h r e e - d i m e n s i o n a l c a s e s a r e d e r i v e d f rom t h i s . 

T w o - D i m e n s i o n a l 

The t > « o - d i m e n s i o n a l g e o m e t r y d e s c r i p t i o n i n a l l g e o m e t r i e s i s a g r i d w i t h 
c o l u m n b o u n d a r y C a n d r o w b o u n d a r y R. The r o w and c o l u m n i n t e r s e c t i o n s a r e t h e 
HESH POINTS a t w h i c h t h e f l u x s o l u t i o n i s o b t a i n e d . Columns a r e numbered f rom 0 
t o C and r o w s a r e n u m b e r e d f r o m 0 t o R s o t h a t t h e r e s u l t i n g l a t t i c e c o n t a i n s 
(C+1) c o l u m n s and (R+1) r o w s . The number of mesh p o i n t s i n e a c h r o w i s 
c o n s t a n t , a s i s t h e number o f m e s h p o i n t s i n e a c h c o l u m n . The s e g m e n t e d l i n e s 

'^-'A'-"'^A"i.V"iA 'Mil 'i;.:j.::!n.:£ .XJ^^\^^i. rii:i 
The la t t ice specified also determines an array of MESH ELEMENTS. The mesh 

elements in rectangular geometry are themselves rectangular. In hexagonal 
geometry, the points form an array of mesh quadrilaterals which are cut along a 
specific diagonal to form triangular mesh elements. In quadrilateral geometry 
the elements are general quadrilaterals, which are cut along either diagonal to 
form triangular mesh elements. Identifiers are assigned to these mesh elements 
which are used to identify material properties. In a problem with column 
boundary G and row boundary R there will be (C+1)(R+1) mesh points In a plane in 
a l l geometries. However, in rectangular geometry there will be CR rectangular 
mesh elements while in hexagonal and quadrilateral there will be 2GR mesh 
tr iangles. The purpose of the mesh description is to specify the location of 
a l l mesh points and also the location of a l l internal boundaries or interfaces. 
These interfaces are composed of line segments which are the boundaries of mesh 
rectangles or mesh tr iangles. 

The region of solution for rectangular geometry is a rectangle in the x-y 
plane, and for cylindrical it is a rectangle in the r-z plane. The axes of the 
coordinate system coincide with the boundary lines of the rectangle. Both the 
rectangular and cylindrical solution regions are described using rectangular 
geometry building capability. The rectangle is oriented in the fourth quadrant 
(as shown in Figure 3.1.1). the origin being in the upper left corner. Column 
numbers increase to the right along the x-axis (r-axis in cylindrical) from0 to 
the column boundary, and row numbers increase dovaiward along the y—axis (z-axis 
in cylindrical) from 0 to row boundary. 

The hexagonal region of solution is a 120-degree chevron In the x-y plane. 
The chevron is oriented as in Figure 3.1.2, with column numbers increasing to 
the right and row numbers increasing downward. The rows bend through a 
60-degree angle at the specified diagonal column of the chevron. The f i r s t and 
last rows are considered the top and bottom boundaries, and the f i rs t and last 
columns are the left and right boundaries. 

The region of solution for quadrilateral geometry is a general polygon. 
This can range from a grid of parallel rows and columns with an arbitrary angle 
of intersection between the rows and columns, to a completely general placement 
of points in a (C+11 by (R+11 la t t ice . The grid is oriented in the fourth 
quadrant as in Figure 3.1.3, with column numbers increasing from left to right 
and row numbers increasing from top to bottom. 
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INTRODUCTION 

One-Dimensional 

For purposes of d e s c r i b i n g geometry, a one-dimensional r e g i o n of s o l u t i o n 
i s constructed as a two-dimensional gr id w i th o n l y two rows, 0 and 1, descr ibed 
in rectangular geomtery. The s o l u t i o n space Is a s i n g l e row of p o i n t s numbered 
l e f t to r i g h t , point 0 on the l e f t . 

Three-Dimensiona1 

In 3-D problems, the two-dimensional geometry d e s c r i p t i o n i s e f f e c t i v e l y 
repeated at each a x i a l point producing a p a r a l l e l array of the 2-D d e s c r i p t i o n s . 
Each of these p lanes of mesh p o i n t s i s c a l l e d a MESH PLANE. Thus in a 3-D 
problem a l l I n t e r f a c e s which w i l l appear in any plane a x i a l l y must be pro jec ted 
onto a s i n g l e plane i ^ i c h i s then descr ibed as s p e c i f i e d above. 

In a problem wi th plane boundary P, the l a t t i c e w i l l be an array of (P+1) 
p lanes ; the top plane Is plane 0 and the bottom plane Is plane P. S ince each 
plane conta ins the same mesh d e s c r i p t i o n , there w i l l be (C+1)(R+1)(P+1) mesh 
po int s in the problem, where C i s the column boundary and R i s the row boundary. 
S imi lar to the transverse planar mesh l i n e s , a x i a l mesh l i n e s are segmented 
l i n e s connect ing corresponding p o i n t s ( i . e . , p o i n t s wi th the same planar 
(column,row) coord ina te s ) from plane to p l a n e . 

Axial d e t a i l i s further descr ibed by vary ing the mat er ia l s 
ass igned t,o the mesh e lements in var ious p lanes of the g r i d . 

which are 
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3 . 2 . GEOMETRY DESCRIPTION: TERMINOIXM^ 

Th i s s e c t i o n d e f i n e s some of the more impor tan t names and s t r u c t u r e s used 
in geomet ry d e s c r i p t i o n s . Unless o t h e r w i s e s p e c i f i e d , the d e f i n i t i o n s a p p l y to 
a l l t h r e e of the d e s c r i p t i v e geomet ry types ( r e c t a n g u l a r , h e x a g o n a l , and 
q u a d r i l a t e r a l ) . 

1. S o l u t i o n nbsh 

a . MESH POINTS - i n t e r s e c t i o n s of the rows and columns of the r e g i o n of 
s o l u t i o n a t which the p o l n t w l s e s o l u t i o n f l u x i s o b t a i n e d . In 3-D 
p rob l ems , the same a r r a y of mesh p o i n t s Is r e p e a t e d in e a c h a x i a l p l a n e . 

b . MESH LINES - segmented l i n e s l y i n g a l o n g rows or columns of the s o l u t i o n 
l a t t i c e . E^ch row mesh l i n e i n t e r s e c t s each column mesh l i n e a t a mesh 
p o i n t . Row mesh l i n e s cannot c r o s s o t h e r row mesh l i n e s and column mesh 
l i n e s cannot c r o s s o t h e r column mesh l i n e s . In 3-D prob lems , a x i a l mesh, 
l i n e s a l s o connec t c o r r e s p o n d i n g mesh p o i n t s from p lane to p l a n e . 

c . MESH PLANES - the two-d imens iona l s e t of mesh p o i n t s which i s r e p e a t e d a t 
e v e r y a x i a l p l a n e in a 3-D problem. The 3-D geometry d e s c r i p t i o n i s a 
p a r a l l e l a r r a y of t h e s e mesh p l a n e s w i t h a l l p o i n t l o c a t i o n s the same fo r 
c o r r e s p o n d i n g mesh p o i n t s from p lane to p l a n e , and a l l mesh e lement 
i d e n t i f i e r s excep t compooi t ion number the same for c o r r e s p o n d i n g mesh 
e l e m e n t s from p l a n e to p l a n e . 

d . MESH ELEMENTS - the s m a l l e s t a r e a of the r e g i o n of s o l u t i o n over which 
the g e o m e t r i c I d e n t i f i e r s must be c o n s t a n t . In r e c t a n g u l a r geomet ry , 
e a c h mesh e lement i s a r e c t a n g l e bounded by two a d j a c e n t row mesh l i n e s 
and two a d j a c e n t column mesh l i n e s . In hexagonal and q u a d d r l a t e r a l 
geomet ry , a mesh e lement i s a t r i a n g l e formed by a d i a g o n a l and two s i d e s 
of the mesh q u a d r i l a t e r a l bounded by two a d j a c e n t row mesh l i n e s and two 
a d j a c e n t column mesh l i n e s . In 3-D prob lems , a mesh e lement i s a 
r e c t a n g u l a r o r t r i a n g u l a r p r i s m w i t h the base a p l a n a r mesh e lement and 
bounded by two a d j a c e n t mesh p l a n e s . 

2. Mesh Element Labels 
a. FINAL FIGURE NUMBER - geometric Identifier assigned to each mesh element 

either during the final figure overlay process (if rectangular or 
hexagonal) or during compound figure generation (if quadrilateral); used 
in conjunction with the planar region number for gross block 
determination In all but 1-D problems. 

b. PLANAR REGION NUMBER - geometric identifier assigned to each 
non-transparent mesh element on the basic figure level by the planar 
region overlay process; used in conjunction with the final figure number 
for gross block determloiat ion in all but 1-D problems. 

c. CHANNEL NUMBER - geometric identifier assigned on the basic figure level 
to each mesh element in planar regions specified as fine blocked regions 
and modified during the final figure overlay process (in rectangular and 
hexagonal) or during compound figure generation (In quadrilateral); used 
together with the track number for fine block determination. 

d. TRACK NUMBER - geometric identifier assigned on the basic figure level to 
each mesh element in planar regions designated as fine blocked regions 
and used together with the channel number in fine block determination. 

3. Geometrlc Structures 
a . BASIC FIGURE - the fundamental b u i l d i n g b l o c k used in c o n s t r u c t i n g a 

g e o m e t r i c d e s c r i p t i o n , u s u a l l y c o r r e s p o n d i n g to some s u b s t r u c t u r e of the 
s o l u t i o n g r i d . I t s l a t t i c e i s made up of p a r a l l e l rows and columns, 
b e i n g a r e c t a n g l e in r e c t a n g u l a r geometry , a 60-degree p a r a l l e l o g r a m In 
hexagonal geomet ry ( e x c e p t t r a n s i t i o n f i g u r e s ) , and a g e n e r a l u - d e g r e e 
p a r a l l e l o g r a m In q u a d r i l a t e r a l geomet ry . 
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b. AUXILIARY FIGURE - a fundamental geometry building block containing the 
same mesh description as a parent basic figure but having different 
planar region and/or channel-track numbers assigned to its mesh elements. 

c. TRANSITION FIGURE - (hexagonal only) a special type of basic figure used 
in hexagonal geometry to facilitate bending of mesh lines. A transition 
figure is a basic figure with a column boundary of 1 whose outer boundary 
is a 60-degree parallelogram and whose interior rows are not necessarily 
parallel. 

d. SUPER FIGURE - (rectangular and hexagonal only) a structure used in 
building a rectangular or hexagonal geometry. Super figures are lattices 
constructed by superimposing basic and auxiliary figures, and usually 
correspond to some substructure of the solution grid. 

e. AUXILIARY SUPER FIGURE - (rectangular and hexagonal only) a structure 
used in building a rectagular or hexagonal lattice based on a parent 
super figure but having some additional initial figures overlaid on it. 

f. FILE FIGURE - (quadrilateral only) a building element in 
geometry whose constructed description is input from 
figure file. 

quadrilateral 
a File Manager 

g. INITIAL FIGURE - collective term for all structures which may 
building blocks during the geometry generation process. 

be used 

in (rectangular and hexagonal only) - during super figure generation 
rectangular and hexagonal geometry, initial fignu'es include all basic 
figures and auxiliary figures. During the final figrure overlay process 

rectangular and hexagonal geometry, initial figures include in _ _ _ 
figures, auxiliary figures, super figures. 
(super figrures are referred to as Initial super figures) 

and auxiliary 
all basic 

super figures 

(quadrilateral 
quadrilatera 1 
auxi1iary 
fIgures. 

only) - at 
geometry, 

figures, file 
any stage of the compound figure generation in 
initial figures include all basic figures, 
figures, and previously generated compound 

h. COMPOUND FIGURE - (quadrilateral only) a structure used In building a 
quadrilateral geometry. A compound figure is a lattice description 
constructed by buildup and overlay using initial figures in quadrilateral 
geometry. 

i. SOLUTION FIGURE - (quadrilateral only) the 
quadrilateral ^-eometry which is designated 
the problem. 

4 . Geometry Generation Proces ses 

single compound figure in 
to be the solution space for 

5 . 

a. FINAL FIGURE OVERLAY - (rectangular and hexagonal only) the process by 
which substructures are assembled to construct the solution mesh in 
hexagonal and rectangular geometry. Initial figures are superimposed on 
the solution region defining the spatial positions of all mesh points and 
assigning the geometric Identifiers to each mesh element. 

b. COMPOUND FIGURE GENERATION - (quadrilateral only) the central process In 
quadrilateral geometry generation. Compound figures are generated 
sequentially and may themselves be used as building blocks for succeeding 
compound figures. Some or all of the compound flgpare building 
descriptions may optionally be input from a File Miauager figure file. 
Successive compound figrures generally represent progressively more 
complex lattice descriptions. One of the compound figures, namely the 
solution figure, is designated to be the region of solution for the 
problem. 

Inventory Blocks 

a. GROSS BLOCK - a c o l l e c t i o n of mesh elements over which mater ia l 

J??l"*°?il^e i l l . Ill be'^ciiJtJuoL'^oUec-liL^^^riSe^i eTImfil^ ""^ in 

as 
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b. FINE BLOCK - in a fine blocked problem, the collection of mesh elements 
over which material inventories for a subset of the nuc1ides are assumed 
uniform at any given time in life. These need not be contlgruous 
collections of mesh elements. Fine blocks are always wholly contained in 
gross blocks. 

c. GROSS PLANE - a collection of contiguous axial 
extent of gross blocks in the axial direction. 

planes which delimit the 

d. FINE PLANE - a collection of contiguous axial planes which delimit the 
extent of fine blocks in the axial direction. Fine planes are almys 
wholly contained In gross planes. 

6. Katerlal Compositions 
a. COMPOSITION NUMBER - an identifier assigned to each mesh element through 

which the material characteristics of the mesh are desle;nated. 
b. COMPOSITION CORRESPONDENCE - the method by which composition numbers are 

assigned to the mesh elements. Compositions may be chosen to correspond 
to either final figure numbers or planar region numbers. In 3-D 
problems, composition correspondences may change at each gross plane. 

c. CONFIGURATION - a particular set of 
final figure) correspondences. 
material arrangement. 

composition to planar region (or 
Each configniratlon identifies some 
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3 . 3 . GEOMETRY DESCRIPTION: GEOMETRY TYPES 

The t h r e e g e o m e t r i e s a v a i l a b l e f o r c o n s t r u c t i n g a p l a n a r g e o m e t r i c 
d e s c r i p t i o n a r e : r e c t a n g u l a r , h e x a g o n a l , and q u a d r i l a t e r a l . The v a r i o u s 
g e o m e t r i e s d i f f e r b o t h i n t h e t y p e s o f mesh d e s c r i p t i o n s w h i c h may be c r e a t e d , 
and a l s o i n the manner i n w h i c h t h e s e s t r u c t u r e s a r e d e f i n e d b y the u s e r . 
D e t a i l e d d e s c r i p t i o n s o f t h e s e g e o m e t r y t y p e s a r e g i v e n i n S e c t i o n s 3 . 4 , 3 . 5 , 
and 3 . 6 r e s p e c t i v e l y . T h i s s e c t i o n i s i n t e n d e d t o g i v e a b r i e f sumuary o f e a c h 
g e o m e t r y type and c o n t r a s t t h e i r c a p a b i l i t i e s and methods o f c o n s t r u c t i o n . 

In a l l g e o m e t r i e s , the c o n s t r u c t i o n o f a p l a n a r mesh i s c o n c e r n e d w i t h 
s p e c i f y i n g t h e p o s i t i o n o f e a c h mesh p o i n t and s p e c i f y i n g the i n t e r n a l 
b o u n d a r i e s or i n t e r f a c e s b y a t t a c h i n g i d e n t i f i e r s t o e a c h mesh e l e m e n t . The 
method o f a t t a c h i n g I d e n t i f i e r s t o mesh e l e m e n t s d i f f e r s o n l y s l i g h t l y among the 
t h r e e g e o m e t r i e s . However, t h e r e a r e i m p o r t a n t d i f f e r e n c e s a s to the d i r e c t i o n s 
i n w h i c h i n t e r f a c e s may e x i s t . In r e g a r d to the p o s i t i o n i n g o f mesh p o i n t s , the 
g e o m e t r i e s may be c o n t r a s t e d b y t h e e x t e n t to w h i c h mesh l i n e s may d e v i a t e from 
b e i n g s t r a i g h t l i n e s ( i . e . , how mesh l i n e s m a y b e " b e n t * ) . A d d i t i o n a l l y , g i v e n 
t h a t some g e o m e t r i e s p e r m i t mesh l i n e b e n d i n g , t h e i r methods d i f f e r a s to 

ati*itict?iv:Jio:piisSerbrrh^ ^L^y^ii:;^^]''de'''^' b"^ t"̂  user o r " 
Rectangular geometry l i m i t s the d e f i n i t i o n of mesh p o i n t s to the 

i n t e r s e c t i o n s of p a r a l l e l rows and p a r a l l e l columns in a 90-degree l a t t i c e . 
I n t e r f a c e s must c o i n c i d e w i t h column or row mesh l i n e s ; diagonal i n t e r f a c e s 
( i . e . , i n t e r f a c e s a long the d iagonal of a mesh r e c t a n g l e ) are not permit ted . 
Since mesh l i n e s may ne-v^r be bent , to s p e c i f i c a l l y represent an i n t e r f a c e which 
does not l i e a long an e x i s t i n g mesh l i n e the user must add an e n t i r e row or 
column to the problem. In c r e a t i n g a rec tangular d e s c r i p t i o n , the subs truc tures 
must be assembled such that p a r a l l e l rows and columns are preserved in the 
r e g i o n of s o l u t i o n . The program w i l l check that the user has descr ibed a 
c o n s i s t e n t rec tangular l a t t i c e , having def ined the p o s i t i o n s of a l l mesh p o i n t s 
and a l l mesh l i n e s . 

Hexagonal geometry i s cons tructed in a 120-degree chevron, and the 
r e s u l t i n g gr id i s e s s e n t i a l l y made up of 60-degree t r i a n g u l a r mesh e l ements . In 
a d d i t i o n to i n t e r f a c e s which c o i n c i d e w i th mesh l i n e s , d iagonal i n t e r f a c e s are 
permitted in one g iven d i r e c t i o n o n l y . Columns are not n e c e s s a r i l y p a r a l l e l or 
s t r a i g h t (nor are rows) as the a d d i t i o n a l working d i r e c t i o n In hexagonal 
geometry permits a l imi t ed c a p a b i l i t y for bending rows and columns. There Is 
a l s o an a d d i t i o n a l c a p a b i l i t y to bend mesh l i n e s , p e r m i t t i n g more exact 
d e s c r i p t i o n and conserv ing the t o t a l number of mesh p o i n t s which must be used. 
The bending of the mesh l i n e s in t h i s case must be s p e c i f i c a l l y def ined by the 
user in the process of geometry c o n s t r u c t i o n by us ing s p e c i a l b u i l d i n g elements 
which descr ibe the t r a n s i t i o n s of the mesh l i n e s . These t r a n s i t i o n f i g u r e s must 
e x p l i c i t l y de f ine the r e d i r e c t i o n of the mesh l i n e s to insure that mesh H u e s in 
a d j o i n i n g subs truc tures meet at common p o i n t s . The program w i l l check that the 
user has def ined a l e g a l hexagonal l a t t i c e , having c o n s i s t e n t l y def ined the 
p o s i t i o n s of a l l mesh p o i n t s and mesh l i n e s . 

Quadri la tera l geometry may be used to def ine a genera l q u a d r i l a t e r a l 
l a t t i c e . I n t e r f a c e s may c o i n c i d e wi th row or column mesh l i n e s , or one of two 
p o s s i b l e d iagona l s of a mesh q u a d r i l a t e r a l . The fundamental requirement of 
quadr i la tera l geometry i s o n l y that a l ega l (C+1) by (R+1) l a t t i c e be descr ibed , 
so each row may not i n t e r s e c t other rows, each column may not i n t e r s e c t other 
columns, and each row i n t e r s e c t s each column at a mesh p o i n t . The placement of 
mesh p o i n t s w i t h i n such a l a t t i c e may be comple te ly g e n e r a l . In c o n s t r u c t i n g a 
quadr i la t era l geometry, the user s p e c i f i e s the exact s p a t i a l l o c a t i o n and 
o r i e n t a t i o n of each s u b s t r u c t u r e . The program w i l l adjus t the mesh l i n e s which 
connect the p o i n t s on the boundary of the subs tructure to the adjacent mesh 
p o i n t s in the l a t t i c e to accommodate t h i s des ignated p o s i t i o n . Thus the user 
need o n l y descr ibe the mesh in the reg ions of substance and the geometry 
generator w i l l a u t o m a t i c a l l y de f ine the n e c e s s a r y t r a n s i t i o n s of the surrounding 
mesh l i n e s . The program w i l l check the gr id cons tructed to insure that a l ega l 
l a t t i c e has been d e s c r i b e d . 

Grids which are b a s i c a l l y rec tangular or hexagonal may f r e q u e n t l y be more 
advantageously represented u s i n g q u a d r i l a t e r a l g^ometry. The automatic mesh 
l ine bending and g e n e r a l i z e d d i a g o n a l I z a t i o n ( i n t e r f a c e s al lowed on e i t h e r 
diagonal of a mesh q u a d r i l a t e r a l ) In q u a d r i l a t e r a l geometry could r e s u l t in 
reducing the t o t a l number of mesh l i n e s n e c e s s a r y to d e s c r i b e i n t e r f a c e s . 
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A d d i t i o n a l l y , d i s s i m i l a r s u b s t r u c t u r e s ( e . g . , 9 0 - d e g r e e s t r u c t u r e s i n a n 
i n h e r e n t l y h e x a g o n a l g r i d ) a r e e a s i l y r e p r e s e n t e d . 

I n a l l g e o m e t r i e s t h e e n t i r e g e o m e t r y d e s c r i p t i o n may be i n p u t t o t h e 
p r o g r a m v i a c a r d i n p u t . Q u a d r i l a t e r a l g e o m e t r y o n l y may a l s o a c c e p t d a t a f rom 
a n i n p u t F i l e Manage r f i g u r e f i l e . S u c h a f i l e may s u p p l y b o t h c o m p l e t e 
d e f i n i t i o n s o f g e o m e t r i c s u b s t r u c t u r e s and a l s o b u i l d i n g d e s c r i p t i o n s f o r 
s u b s t r u c t u r e s t o be u s e d i n t h e g e o m e t r y g e n e r a t i o n p r o c e s s . T h i s F i l e Manager 
f i g u r e f i l e c a n be u s e d t o c o m m u n i c a t e w i t h a n e x t e r n a l g e o m e t r y g e n e r a t o r . 

The progrram may be r e q u e s t e d t o w r i t e a n o u t p u t F i l e Manager g e o m e t r y f i l e 
i n a l l g e o m e t r i e s . T h i s f i l e c o n t a i n s t h e c o n s t r u c t e d d e s c r i p t i o n o f t h e 
s o l u t i o n s p a c e , and may be i n p u t t o s u c c e e d i n g c a s e s u s i n g t h e same g e o m e t r y t o 
s a v e t h e t i m e u s e d f o r g e o m e t r y g e n e r a t i o n . Q u a d r i l a t e r a l g e o m e t r y o n l y may 
a l s o o u t p u t a F i l e Manage r f i g u r e f i l e w h i c h c o n t a i n s b o t h c o n s t r u c t e d 
d e s c r i p t i o n s a n d b u i l d i n g i n f o r m a t i o n f o r t h e g e o m e t r i c s u b s t r u e t u r e s u s e d i n 
t h e p r o b l e m . T h i s f i l e may t h e n be i n p u t t o s u c c e e d i n g p r o b l e m s u s i n g s i m i l a r 
g e o m e t r y d e s c r i p t i o n s t o s a v e p a r t of t h e t i m e of g e o m e t r y g e n e r a t i o n . 
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3.4. GEOMETRY DESCRIPTION: RECTANGULAR GEOMETRY 
In the description of a rectangular geometry, the elementary building 

blocks are called basic figures. These may optionally be grouped in a spatial 
arrangement called a super figure to form a larger building unit. Both of these 
building blocks are then used to describe the region of solution through a 
process of both buildup and overlay called the final figure overlay. The 
purpose of the description is to define the spatial position of all mesh points 
in the solution space and to attach a set of identifiers to all mesh elements. 
The region of solution to be constructed is a rectangle. A detailed description 
of this process follows. 

B^T^"FI§^S 
The fundamental entitles of a mesh description are basic figures. These 

building blocks usually correspond to some substructure of the solution grid. 
Basic figures in rectangular geometry are rectangles oriented in the fourth 
quadrant as in Figure 3.4.1. A basic figure is described by giving: 

( D A mesh description. 
(2) A planar region overlay. 
(3) Channel and track indentifiers (if fine blocking). 

The mesh description consists of giving the size (number of rows and 
columns) of the basic figure, and the mesh spacingrs along both row 0 and column 
0. This completely defines the number and spatial orientation of all points In 
the rectangle. 

The PLANAR REGION OVERLAY consists of a series of overlay sets which assign 
planar region numbers (identifiers) to each of the rectangpilar mesh elements in 
the basic figure. Each overlay set superimposes a particular planar region 
identifier on a rectangular subset of the basic figure. The sets are processed 
sequentially, and any set may overlay areas of the mesh specified in previous 
sets. Every mesh rectangle must be included in at least one of the overlay 
sets, and, for each mesh rectangle, the last overlay set in which it is included 
determines its planar region identification number. Planar region numbers may 
vary from 1 to 999 and need not be sequential. Each planar region number may be 
used more than once and in more than one basic figure. 

As an example, Figure 3.4.1 may be described by overlaying planar region 1 
on the entire mesh; region 4 between columns 1 and 3, rows 2 and 4; region 2 
between columns 2 and 4, rows 0 and 3; and region 4 between columns 3 and 4, 
rows 0 and 1. 

Vhen the fine blocking option (see Section 3.8) has been selected, CHANNEL 
and TRACK identifiers are also assigned to the mesh elements in the basic 
figure. Channel and tracks are bounded by the straight line rows or columns of 
the basic figure. Normally channels are bounded by columns and tracks are 
bounded by rows. That is, all mesh elements between two consecutive columns in 
a basic figure would have the same channel number and all mesh elements between 
two consecutive rows would have the same track number. This correspondence may 
optionally be reversed for any basic figure. The effect of this definition is 
to assign a channel and track identifier to each mesh rectangle in the basic 
figure. Channel numbers may assume values from 1 to 999,999,999, and track 
numbers may vary from 1 to 127. Neither need be sequential. 

Basic figures are numbered sequentially from 1 to 999. 

Auxiliary figures 

An auxiliary figure is produced by modifying the planar region overlay 
and/or the channel and track Identifiers (if fine blocking) of a basic figure. 
If two or more basic figures have the same mesh description (same size and mesh 
spacings) but some different planar region, channel, or track identifiers, the 
use of auxiliary figures makes it unnecessary to repeat the mesh interval 
specification. For changing planar regions, only modifications to the planar 
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r e g i o n o v e r l a y need be s p e c i f i e d In the form of a d d i t i o n a l o v e r l a y s e t s . I f t h e 
c h a n n e l or t r a c k i d e n t i f i e r s o f some o f the mesh co lumns o r r o w a r e d i f f e r e n t , 
o n l y the c h a n g e s n e e d be d e s c r i b e d . The a u x i l i a r y f i g u r e s f o r a p a r t i c u l a r 
b a s i c f i g u r e a r e numbered s e q u e n t i a l l y from 0 to 9 , w i t h the b a s i c f i g u r e i t s e l f 
b e i n g a s s I g n e d a u x i l i a r y f i g u r e number 0 . The a d d i t i o n a l p l a n a r r e g i o n o v e r l a y 
s e t s or c h a n g e s i n c h a n n e l and t r a c k i d e n t i f i e r s f o r an a u x i l i a r y f i g u r e m o d i f y 
o n l y t h e b a s i c f i g u r e d a t a ( a u x i l i a r y f i g u r e 0 ) . 

I n i t i a l f i g u r e s 

A b a s i c f I g u r e number f o l l o w e d b y a n a u x i l i a r y f i g u r e number i d e n t i f i e s a n 
i n i t i a l f i g u r e . Thus I n i t i a l f i g u r e numbers r a n g e from 10 to 9 9 9 9 . An i n i t i a l 
f i g u r e number o f 246 would i d e n t i f y a u x i l i a r y f i g u r e 6 o f b a s i c f i g u r e 2 4 . 

FmALFIGUREOVERLAY 

The rec tangular r e g i o n of s o l u t i o n i s def ined by the f i n a l f igure o v e r l a y . 
This c o n s i s t s of a s e r i e s of o v e r l a y s e t s each of which superimposes a 
p a r t i c u l a r i n i t i a l f i gure >r i n i t i a l super f igure (which w i l l be descr ibed 
l a t e r ) on some p o r t i o n of the reg ion of s o l u t i o n . I n i t i a l l y the reg ion of 
s o l u t i o n may be cons idered to be a comple te ly f l e x i b l e l a t t i c e of p o i n t s def ined 

^JenllsfierrwiirSe^Srfi^eJ b ^ i ^ t lJ»?Sg"L inTJlal^'jljirer^i* 11" "^ '^'"' 
An i n i t i a l f igure Is p o s i t i o n e d by g i v i n g the column and row of the 

s o l u t i o n r e g i o n at yihieb. the o r i g i n of the i n i t i a l f igure i s to be p laced , and 
the angle through which i t i s to be c lockwise r o t a t e d . The angle must be a 

As in the planar r e g i o n o v e r l a y , the f i n a l f igure o v e r l a y i s s e q u e n t i a l and 
may o v e r l a y areas of the s o l u t i o n r e g i o n which have been s p e c i f i e d p r e v i o u s l y . 
I n i t i a l f i g u r e s may extend beyond the boundaries of the reg ion of s o l u t i o n In 
any d i r e c t i o n ; any p o r t i o n of the i n i t i a l f igure extending out s ide the s o l u t i o n 
space boundaries i s ignored. The o r i g i n s of I n i t i a l f igurea may a c t u a l l y be 
p o s i t i o n e d o u t s i d e the reg ion of s o l u t i o n . 

A FINAL FIGURE number i s a s s o c i a t e d with each I n i t i a l f igure o v e r l a y of the 
r e g i o n of s o l u t i o n . This i d e n t i f i e r i s assggned to each mesh element which i s 

\r.\\Vi' JTgiJLinir^ie'iCtinguSi^b^ir^tciifi^T^^r?:::^?::: To^t i ^ n i ^ ^ 

In problems in which the f ine b lock ing opt ion has been s e l e c t e d each mesh 
element in the i n i t i a l f igure has a l s o been g iven a channel and a track 
i d e n t i f i c a t i o n number. If the planar r e g i o n number of a mesh element has been 
p r e v i o u s l y des ignated as a r e g i o n to be f ine blocked, these I d e n t i f i e r s are a l s o 
ass igned to the mesh element in the s o l u t i o n reg ion which i t superimposes 
( o t h e r w i s e , channel and track numbers of 0 are a s s i g n e d ) . Further, a CHANNEL 
BIAS may be as s igned to each i n i t i a l f igure o v e r l a i d on the reg ion of s o l u t i o n . 
The channel i d e n t i f i e r assgrned to the s o l u t i o n mesh i s the sum of the channel 
number in the i n i t i a l f igure and the channel b i a s , permit t ing d i f f e r e n t over lays 

rmj:?tis ?oTd:?:*iiiaJSroft: siiitsrsir^rn^e^^o-:^ itiv^ilwik s^i' " 
Each f i n a l f igure OVERLAY SET thus c o n s i s t s of the fo l l owing information: 

i n i t i a l f i gure used, f i n a l f igure number a s s i g n e d , column and row at which to 
p o s i t i o n o r i g i n of the i n i t i a l f i g u r e , r o t a t i o n i n d i c a t o r , r e f l e c t i o n i n d i c a t o r , 
and, o p t i o n a l l y , channel b i a s . 
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F i n a l f i g u r e o v e r l a y s e t s a r e p r o c e s s e d s e q u e n t i a l l y . A l l o f t h e mesh 
e l e m e n t s (and c o n s e q u e n t l y a l l o f the mesh p o i n t s ) i n the r e g i o n o f s o l u t i o n 
must have b e e n o v e r l a i d b y a t l e a s t one i n i t i a l f i g u r e . The fundamenta l 
r e s t r i c t i o n i n the f i n a l f i g u r e o v e r l a y i s t h a t the mesh i n the I n i t i a l f i g u r e s 
mnst be c h o s e n s u c h t h a t the rows and co lumns i n a d j o i n i n g i n i t i a l f i g u r e s meet 
a t common b o u n d a r y p o i n t s , s o p a r a l l e l rows and co lumns must be p r e s e r v e d i n the 
f i n a l mesh . T h i s need n o t be t r u e a t e v e r y s t a g e o f t h e o v e r l a y , but o n l y when 
the o v e r l a y I s c o m p l e t e . 

Upon c o m p l e t i o n o f the o v e r l a y p r o c e s s e a c h mesh e l e m e n t o f the s o l u t i o n 
s p a c e w i l l be a s s i g n e d two I d e n t i f i e r s In a l l p r o b l e m s , n a m e l y a f i n a l f i g u r e 
and a p l a n a r r e g i o n . F u r t h e r , i n f i n e b l o c k e d p r o b l e m s t h o s e p l a n a r r e g i o n s 
d e f i n e d a s f i n e b l o c k r e g i o n s w i l l a l s o be a s s i g n e d a c h a n n e l and a t r a c k 
id^^ n t i f X G AT • 

SUPER FIGURES 

Vhen t h e same o r a s i m i l a r p a t t e r n o f i n i t i a l f i g u r e s i s r e p e a t e d i n 
s e v e r a l s e c t i o n s o f the r e g i o n o f s o l u t i o n , the o v e r l a y p r o c e d u r e may be 
f a c i l i t a t e d t h r o u g h use o f s u p e r f i g u r e s . A s u p e r f i g u r e I s a g r o u p i n g o f 
i n i t i a l f i g u r e s In a l a t t i c e o f f i x e d s i z e , w h i c h may be c o n s i d e r e d a s u b s e t o f 
the r e g i o n o f s o l u t i o n . A s u p e r f i g u r e i s d e s c r i b e d b y g i v i n g : 

(1) A s i z e d e s c r i p t i o n ( r o w b o u n d a r y and co lumn b o u n d a r y ) . 
( 2 ) A s u p e r f i g u r e o v e r l a y . 

The s i z e d e s c r i p t i o n d e f i n e s t h e r e c t a n g u l a r l a t t i c e (number o f co lumns and 
rows) o n w h i c h i n i t i a l f i g u r e s a r e o v e r l a i d . The SUPER FIGURE OVERLAY c o n s i s t s 
o f o v e r l a y s e t s , e a c h o f ^^ich s u p e r i m p o s e s a p a r t i c u l a r I n i t i a l f i g u r e on the 
s u p e r f i g u r e . The i n i t i a l f i g u r e i s p o s i t i o n e d b y g i v i n g t h e row and co lumn o f 
the s u p e r f i g u r e a t w h i c h the i n i t i a l f i g u r e o r i g i n i s to be p l a c e d . The 
i n i t i a l f i g u r e may be r o t a t e d a n d / o r r e f l e c t e d i n the frame o f r e f e r e n c e o f the 
s u p e r f i g u r e . The s u p e r f i g u r e o v e r l a y i s s e q u e n t i a l and may o v e r l a y a r e a s o f 
the s u p e r f i g u r e w h i c h have b e e n p r e v i o u s l y s p e c i f i e d . I n i t i a l f i g u r e s may 
e x t e n d beyond s u p e r f i g u r e b o u n d a r i e s . Any p o r t i o n o f a n I n i t i a l f i g u r e w h i c h 
i s o u t s i d e the s u p e r f i g u r e b o u n d a r i e s i s i g n o r e d , and i n i t i a l f i g u r e o r i g i n s 
may be l o c a t e d o u t s i d e t h e s e b o u n d a r i e s . 

Super f i g u r e s a r e numbered s e q u e n t i a l l y from 1 to 9 9 9 . 

A u x i l i a r y Super F i g u r e s 

An a u x i l i a r y s u p e r f i g u r e i s o b t a i n e d b y m o d i f y i n g t h e s u p e r f i g u r e o v e r l a y 
o f a s u p e r f i g u r e . I f two o r more r e c t a n g l e s have the same co lumn b o u n d a r y and 
row b o u n d a r y but d i f f e r somevdiat In o v e r l a y s e t s , the n s e o f a u x i l i a r y s u p e r 
f i g u r e s makes i t u n n e c e s s a r y to r e p e a t t h e s i z e s p e c i f i c a t i o n and a n y r e d u n d a n t 
s u p e r f i g u r e o v e r l a y s e t s . As w i t h b a s i c f i g u r e s , the a u x i l i a r y f i g u r e s f o r a 
p a r t i c u l a r s u p e r f i g u r e a r e numbered s e q u e n t i a l l y from 1 t o 9 , and the s u p e r 
f i g u r e i t s e l f i s a s s i g n e d a u x i l i a r y f i g u r e number 0 . A d d i t i o n a l s u p e r f i g u r e 
o v e r l a y s e t s f o r o t h e r a u x i l i a r y s u p e r f i g u r e s m o d i f y o n l y the o v e r l a y s e t s f o r 
a u x i l i a r y s u p e r f i g u r e number 0 . 

I n i t i a l Super F i g u r e s 

An i n i t i a l s u p e r f i g u r e i s i d e n t i f i e d b y a s u p e r f i g u r e number f o l l o w e d b y 
an a u x i l i a r y s u p e r f i g u r e number, and t h u s i n i t i a l s u p e r numbers r a n g e from 10 
to 9 9 9 9 . An I n i t i a l s u p e r f i g u r e i s s u p e r i m p o s e d o n t h e r e g i o n o f s o l u t i o n v i a 
t h e f i n a l f i g u r e o v e r l a y . A s i n g l e f i n a l f i g u r e number I s a s s i g n e d to the 
i n i t i a l s u p e r f i g u r e when i t I s l a i d down. As In t h e c a s e o f a normal i n i t i a l 
f i g u r e , t h e i n i t i a l s u p e r f i g u r e i s p o s i t i o n e d b y g i v i n g the row and co lumn o f 
the s o l u t i o n r e g i o n a t > ^ i c h the o r i g i n I s to be p l a c e d . S u p e r f i g u r e s may a l s o 
be r o t a t e d a n d / o r r e f l e c t e d . In l a y i n g down an i n i t i a l s u p e r f i g u r e o n the 
r e g i o n o f s o l u t i o n , the s u p e r f I g u r e may o v e r l a y p r e v i o u s l y s p e c i f i e d s e c t i o n s ; 
i t may be l a t e r o v e r l a i d b y an i n i t i a l f i g u r e or a n o t h e r i n i t i a l s u p e r f i g u r e ; 
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i t may e x t e n d o u t s i d e t h e r e g i o n o f s o l u t i o n ; and i t may h a v e i t s o r i g i n 
o u t s i d e t h e r e g i o n o f s o l u t i o n . 

P o r t i o n s of a s u p e r f i g u r e may r e m a i n u n s p e c i f i e d when t h e s u p e r f i g u r e 
o v e r l a y i s c o m p l e t e . S u c h s e c t i o n s a r e c a l l e d TRANSPARENCIES. When a s u p e r 
f i g u r e w i t h s u c h a r e a s i s l a i d on t h e r e g i o n o f s o l u t i o n , t h e t r a n s p a r e n c y 
p r o d u c e s no c h a n g e i n t h a t s e c t i o n of t h e s o l u t i o n g r i d o v e r w h i c h i t i s 
s u p e r i m p o s e d . The u s e of t r a n s p a r e n c i e s i n s u p e r f i g u r e s t h u s a l l o w s f i g u r e s 
w i t h a n o u t e r b o u n d a r y o f o t h e r t h a n a r e c t a n g l e t o be s u p e r i m p o s e d on t-he 

:r\i^ :L::dlsiiraxefL^^grcoStruc^:rtt7aiLiLaJig^i:!esp-llel "^ ''•̂ e 

RECTANGULAR GEOMETRY EXAMPLE 

S u p p o s e t h e g e o m e t r y shown i n F i g u r e 3 . 4 . 4 I s t o be c o n s t r u c t e d . T h i s 
s t r u c t u r e may r e p r e s e n t o n e - f o u r t h o f a s y m m e t r i c a r r a y o f s i m i l a r s t r u c t u r e s , 
w i t h t h e s o l u t i o n t o t h e l a r g e r p r o b l e m a c t u a l l y b e i n g o b t a i n e d b y a p p l y i n g 
a p p r o p r i a t e b o u n d a r y c o n d i t i o n s . Mesh p o i n t s h a v e b e e n a d d e d i n F i g u r e 3 . 4 . 5 , 
and t h e I n i t i a l f i g u r e s t o be u s e d i n c o n s t r u c t i n g t h e g e o m e t r y a r e shown i n 
F i g u r e 3 . 4 . 6 . N o t e t h a t I n i t i a l f i g u r e 0021 i s a n a u x i l i a r y f i g u r e o f 0 0 2 0 . 
The r o w s and c o l u m n s i n a d j o i n i n g f i g u r e s a l l mee t a t common b o u n d a r y p o i n t s . 
As a r e s u l t , some f i g u r e s c o n t a i n more rows and c o l u m n s t h a n a r e r e q u i r e d t o 
d e s c r i b e t h e i r i n t e r f a c e s . 

The g e o m e t r y may be c o n s t r u c t e d i n s t e p s b y t h e f o l l o w i n g o v e r l a y : 

Initial Origin Rotated 
Figure (COlumu,row) (degrees) Reflected 

0010 0,0 0 No 
0010 4,4 90 No 
0010 4,4 270 No 
0020 4,8 90 No 
0020 8,4 270 Yes 
0010 8,8 180 No 
0021 8,8 90 No 
0021 8,4 0 No 
0030 8,8 0 No 
0040 0, 11 0 Yes 
0040 11,0 0 No 

As a f u r t h e r e x a m p l e , a n a l t e r n a t e method o f l a y i n g down t h i s same mesh i s 
shown b e l o w . F i r s t , s u p e r f i g u r e 0 0 1 shown i n F i g u r e 3 . 4 . 7 i s c o n s t r u c t e d b y 
t h e f o l l o w i n g p r o c e s s : 

I n i t i a l O r i g i n R o t a t e d 
F i g u r e ( c o l u m n , r o w ) ^ ( d e g r e e s ) R e f l e c t e d 

0 0 1 0 4 , 0 90 No 
0 0 1 0 8 , 4 180 No 
0 0 2 0 4 , 4 90 No 
0 0 2 1 8 , 4 90 No 
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and then the following final figure overlay (where negative initial figure 
numbers refer to Initial super figures): 

0010 0,0 0 No 
-0010 0,4 0 No 
-0010 4,0 0 Yes 
0030 8,8 0 No 
0040 0,11 0 Yes 
0040 11,0 0 No 
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FIGURES 3.4.1 - 3.4.3 
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FIGDRES 8 . 4 . 4 "• 3.4.8 
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FIGURES 3.4.6 - 3.4.7 
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3 . 5 . GEOMETRY DESCRIPTION: HEXAGONAL GEOMETRY 

I n t h e d e s c r i p t i o n o f a h e x a g o n a l g e o m e t r y , t h e e l e m e n t a r y b u i l d i n g b l o c k s 
a r e c a l l e d b a s i c f l t n u - e s . S p e c i a l b a s i c f i g u r e s w h i c h a l l o w a more g e n i r a l m e s h 
b e n d i n g a r e c a l l e d t r a n s i t i o n f i g u r e s . R a s i c f i g u r e s a n d t r a n s i t i o n f i g u r e s may 
o p t i o n a l l y be g r o u p e d i n a s p a t i a l a r r a n g e m e n t c a l l e d a s u p e r f i g u r e t o fo rm a 
l a r g e r b u i l d i n g u n i t . A l l o f t h e s e s u b s t r u c t u r e s a r e t h e n u s e d t o d e s c r i b e t h e 
r e g i o n o f s o l u t i o n t h r o u g h a p r o c e s s o f b o t h b u i l d u p a n d o v e r l a y c a l l e d t h e 
f i n a l f i g u r e o v e r l a y . The p u r p o s e o f t h e d e s c r i p t i o n i s t o d e f i n e t h e s p a t i a l 
p o s i t i o n o f a l l m e s h p o i n t s i n t h e s o l u t i o n s p a c e a n d t o a t t a c h a s e t o f 
I d e n t i f i e r s t o a l l mesh e l e m e n t s . The r e g i o n o f s o l u t i o n t o b e c o n s t r u c t e d i s a 
i 2 0 - d e g r e e c h e v r o n . A d e t a i l e d d e s c r i p t i o n o f t h i s p r o c e s s f o l l o w s . 

BASIC FIGURES 

The f u n d a m e n t a l e n t i t l e s o f a m e s h d e s c r i p t i o n a r e b a s i c f i g u r e s . T h e s e 
b u i l d i n g b l o c k s u s u a l l y c o r r e s p o n d t o some s u b s t r u c t u r e s i n t h e s o l u t i o n g r i d . 
B a s i c f i g u r e s i n h e x a g o n a l g e o m e t r y a r e 6 0 - d e g r e e p a r a l l e l o g r a m s o r i e n t e d In t h e 
f o u r t h q u a d r a n t a s i n F i g u r e 3 . 5 . 1 . A b a s i c f i g u r e I s d e s c i b e d b y g i v i n g : 

(1) A mesh d e s c r i p t i o n . 
(2) A p l a n a r r e g i o n o v e r l a y . 
(3) Channel and t r a c k i d e n t i f i e r s ( i f f i ne b l o c k i n g ) . 

The mesh d e s c r i p t i o n c o n s i s t s of g i v i n g the s i z e (number of rows and 
columns) of the b a s i c f i g u r e , and the mesh s p a c i n g s a l o n g b o t h row 0 and column 
0 . This c o m p l e t e l y d e f i n e s the number and s p a t i a l o r i e n t a t i o n of a l l p o i n t s i n 
the p a r a l l e l o g r a m . 

The PLANAR REGION OVERLAY c o n s i s t s of a s e r i e s of o v e r l a y s e t s which a s s i g n 
p l a n a r r e g i o n numbers ( i d e n t i f i e r s ) to e a c h of the mesh e l e m e n t s in the b a s i c 
f i g u r e . Each o v e r l a y s e t supe r imposes a p a r t i c u l a r p l a n a r r e g i o n i d e n t i f i e r on 
a s u b s e t of the b a s i c f i g u r e bounded by a p a r a l l e l o g r a m . The s e t s a r e p r o c e s s e d 
s e q u e n t i a l l y , and any s e t may o v e r l a y a r e a s of the mesh s p e c i f i e d in p r e v i o u s 
s e t s . Every mesh e lement ( p a r a l l e o o g a a m ) must be Inc luded in a t l e a s t oHe of 
the o v e r l a y s e t s , and . f o r e a c h mesh p a r a l l e l o g r a m the l a s t o v e r l a y s e t in which 

iigiinJzl^i-L/ii^i^1ili9ilT.1 ^'t:^titri^^\^-^- ^^- ' 

between columns 2 and 4 , rows 0 and 3 ; and r e g i o n 4 between columns 3 and 4 , 
rows 0 and 1. 

When the f i ne b l o c k i n g o p t i o n ( s e e S e c t i o n 3 .9 ) has been s e l e c t e d , CHANNEL 
and TRACK i d e n t i f i e r s a r e a l s o a s s i g n e d to the mesh e l emen t s i n the b a s i c 
f i g u r e . Channels and t r a c k s a r e bounded by the s t r a i g h t l i n e rows o r columns of 

o p t i o i u i l l y be r . » » r . . a fo r any b a s i c f l i r . r e . T h . e f f e c t of t h l . d e f l i l t l o . 1 . 
to a s s i e n a c h a n n e l and t r a c k I d e n t i f i e r to eacli ntesli pa r a i ie l o g r a n in tlie b a s i c 

i i S ^ r ; m a ^ ^ r y l f r o m ' l ^ t o iSfl^ S e l X r ^ i r L ' ^ q u i n t i a K " ' " 9 9 , ' ' " , ""' ^'ac"^ 

Bas ic f i g u r e s a r e numbered s e q u e n t i a l l y from 1 to 999 . 

Aujxi l ia ry f i g u r e s 

An a u x i l i a r y f i g u r e i s produced by modifying the p l a n a r r e g i o n o v e r l a y 
a n d / o r the channe l and t r a c k i d e n t i f i e r s ( I f f i n e b l o c k i n g ) of a b a s i c f i g u r e . 
If two o r more b a s i c f i g u r e s have the same mesh d e s c r i p t i o n (same s i z e and mesh 
s p a c i n g s ) but some d i f f e r e n t p l a n a r r e g i o n , c h a n n e l , o r t r a c k i d e n t i f i e r s , the 
use of a u x i l i a r y f i g u r e s makes i t u n n e c e s s a r y to r e p e a t the mesh i n t e r v a l 

o^:rlay*^^irksScifi^nfi"fhr"?oL'"^J°naddi?lrn^^"fvIrlay**^L?i'""^ 
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channel or track i d e n t i f i e r s of some of the mesh columns or rows are d i f f e r e n t , 
o n l y the changes need be d e s c r i b e d . The a u x i l i a r y f i gures for a p a r t i c u l a r 
bas i c f igure are numbered s e q u e n t i a l l y from 0 to 9 , wi th the bas ic f igure i t s e l f 
be ing ass igned a u x i l i a r y f igure number 0 . The a d d i t i o n a l planar reg ion o v e r l a y 
s e t s or changes in channel and track i d e n t i f i e r s for an a u x i l i a r y f igure modify 
o n l y the bas i c f igure data ( a u x i l i a r y f igure 0 ) . 

I n i t i a l f i g u r e s 

A b a s i c f i gure number fol lowed by an a u x i l i a r y f igure number i d e n t i f i e s an 
i n i t i a l f i g u r e . Thus i n i t i a l f igure numbers range from 10 to 9999. An i n i t i a l 
f igure number of 246 would i d e n t i f y a u x i l i a r y f igure 6 of bas ic f igure 24 . 

Trans i t i on f l g u r e s 

A s p e c i a l type of b a s i c f igure in hexagonal geometry i s c a l l e d a t r a n s i t i o n 
f i g u r e . Although there i s a l imi ted c a p a b i l i t y for bending mesh l i n e s in 
regular hexagonal geometry us ing regu lar bas ic f i g u r e s , t r a n s i t i o n f i g u r e s 
introduce an extended c a p a b i l i t y for bending mesh l i n e s . There are two 
d i f f e r e n c e s between a normal b a s i c f i gure as descr ibed above and a t r a n s i t i o n 
f i g u r e . F i r s t , the column boundary of a t r a n s i t i o n f igure must be equal to 1. 
Secondly , a l though i t s columns are p a r a l l e l and I t s out s ide boundary i s a 
60-degree para l l e logram, i t s in terna l rows need not be p a r a l l e l . That i s , mesh 
l i n e s p a s s i n g through a t r a n s i t i o n f igure may be bent . A t y p i c a l t r a n s i t i o n 
f igure i s shown in f igure 3 . 5 . 2 . The mesh d e s c r i p t i o n c o n s i s t s of s p e c i f y i n g 
the column mesh s p a c i n g , and the row spac ings for both column 0 and column 1. 

n^it.if'i.iriWU.\ TiiT^i Ji^i:nfi5"t;y!^%i?JnsitT:r?i^re ' ^ r * w e 
m'.li-rL^ii'Torii^riy ?L iSiJltiryfJfrure l^ll.^''^iTitron''^nXr.''ilt 
numbered In the sequence wi th normal b a s i c f i g u r e s . 

; 1 N I £ 1 2 ^ ™ ? ; ? ^ ! 

The hexagonal r e g i o n of s o l u t i o n (chevron) i s def ined by the f i n a l f igure 
o v e r l a y . This c o n s i s t s of a s e r i e s of o v e r l a y s e t s each of which superimposes a 
p a r t i c u l a r i n i t i a l f i gure or i n i t i a l super f igure (which w i l l be descr ibed 
l a t e r ) on some p o r t i o n of the r e g i o n of s o l u t i o n . I n i t i a l l y the reg ion of 
s o l u t i o n may be cons idered to be a comple te ly f l e x i b l e l a t t i c e of p o i n t s def ined 

SenIl?ierrwinubJ*'5rfl"J b ^ io^Tt iJ^TSj" t L i n m a l ^ l j i r e r : " It"' ""* ""''* 
An i n i t i a l f igure i s p o s i t i o n e d by g i v i n g the column and row of the 

s o l u t i o n r e g i o n a t which the o r i g i n of the i n i t i a l f igure i s to be p laced , and 
the angle through which i t i s to be c lockwise r o t a t e d . The angle must be a 
mul t ip l e of 60 d e g r e e s . The i n i t i a l f i gure may a l s o be r e f l e c t e d , implying an 
interchange of rows and columns. The r o t a t i o n a l o r i e n t a t i o n s of a hexagonal 
i n i t i a l f i gure are shown In Figure 3 . 5 . 3 , and the r e f l e c t i o n s in Figure 3 . 5 . 4 . 
The o r i g i n s are at the c e n t e r . 

As In the planar r e g i o n o v e r l a y , the f i n a l f igure o v e r l a y i s s e q u e n t i a l and 
may o v e r l a y areas of the s o l u t i o n r e g i o n which have been s p e c i f i e d p r e v i o u s l y . 
One e x c e p t i o n to t h i s i s that t r a n s i t i o n f i g u r e s may not be o v e r l a i d , a l though 
they may o v e r l a y normal I n i t i a l f i g u r e s . Normal i n i t i a l f i g u r e s (non-trans i t ion 
f i g u r e s ) may extend beyond the boundaries of the reg ion of s o l u t i o n in any 
d i r e c t i o n . T r a n s i t i o n f i g u r e s nay extend beyond the boundaries of the reg ion of 
s o l u t i o n o n l y across the top or bottom row of the chevron and not across column 
0 or column boundary. Any por t ion of the i n i t i a l f igure extending out s ide the 
s o l u t i o n space boundaries Is ignored. The o r i g i n s of i n i t i a l f i g u r e s may 
a c t u a l l y be p o s i t i o n e d o u t s i d e the reg ion of s o l u t i o n , providing the c o n d i t i o n s 
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A FINAL FIGURE number i s a s s o c i a t e d w i t h e a c h i n i t i a l f i g u r e o v e r l a y o f t h e 
r e g i o n o f s o l u t i o n . T h i s i d e n t i f i e r i s a s s i g n e d to e a c h mesh e l e m e n t w h i c h i s 
o v e r l a i d b y the I n i t i a l f i g u r e . T h i s p e r m i t s d i f f e r e n t o v e r l a y s u s i n g the same 
i n i t i a l f i g u r e s to be d i s t i n g u i s h a b l e , w h i c h Is i m p o r t a n t f o r g r o s s i n v e n t o r y 
b l o c k d e t e r m i n a t i o n ( s e e S e c t i o n 3 . 9 ) and f o r e d i t i n g ( s e e S e c t i o n 5 . 2 ) . F i n a l 
f i g u r e numbers r a n g e from 1 to 9 9 9 , and need n o t be s e q u e n t i a l o r d i s t i n c t . 

In p r o b l e m s In w h i c h the f i n e b l o c k i n g o p t i o n h a s b e e n s e l e c t e d e a c h mesh 
e l e m e n t In the I n i t i a l f i g u r e h a s a l s o b e e n g i v e n a c h a n n e l and a t r a c k 
i d e n t i f i c a t i o n number. I f the p l a n a r r e g i o n number o f a mesh e l e m e n t h a s b e e n 
p r e v i o u s l y d e s i g n a t e d a s a r e g i o n to be f i n e b l o c k e d , t h e s e i d e n t i f i e r s a r e a l s o 
a s s g r n e d to the mesh e l e m e n t In the s o l u t i o n r e g i o n w h i c h i t s u p e r i m p o s e s 
( o t h e r w i s e , c h a n n e l and t r a c k numbers o f 0 a r e a s s i g n e d ) . F u r t h e r , a CHANNEL 
BIAS nay be a s s i g n e d to e a c h i n i t i a l f i g u r e o v e r l a i d o n t h e r e g i o n o f s o l u t i o n . 
The c h a n n e l i d e n t i f i e r a s s g r n e d to the s o l u t i o n mesh i s the sum o f the c h a n n e l 
number i n the i n i t i a l f i g u r e and the c h a n n e l b i a s , p e r m i t t i n g d i f f e r e n t o v e r l a y s 

rmi??t*Si irditi^itiaJifT^f*: rni tsrsedrirnLc t trk i itt:^^ir;in 3^5?! " 
Each f i n a l f i g u r e OVERLAY SET t h u s c o n s i s t s o f the f o l l o w i n g i n f o r m a t i o n : 

i n i t i a l f i g u r e u s e d , f i n a l f i g u r e number a s s g g n e d , co lumn and row a t vdi ich to 
p o s i t i o n o r i g i n o f the I n i t i a l f i g u r e , r o t a t i o n I n d i c a t o r , r e f l e c t i o n I n d i c a t o r , 
a n d , o p t i o n a l l y , c h a n n e l b i a s . 

F i n a l f i g u r e o v e r l a y s e t s a r e p r o c e s s e d s e q u e n t i a l l y . A l l o f the mesh 
e l e m e n t s (and c o n s e q u e n t l y a l l o f the mesh p o i n t s ) i n the r e g i o n o f s o l u t i o n 
must have b e e n o v e r l a i d b y a t l e a s t one i n i t i a l f i g u r e . The fundamenta l 
r e s t r i c t i o n i n the f i n a l f i g u r e o v e r l a y i s t h a t the mesh i n the i n i t i a l f i g u r e s 
must be c h o s e n s u c h t h a t t h e rows and co lumns i n a d j o i n i n g i n i t i a l f i g u r e s meet 
a t common boundary p o i n t s . T h i s n e e d n o t be t r u e a t e v e r y s t a g e o f the o v e r l a y , 
but o n l y when the o v e r l a y i s c o m p l e t e . 

There a r e two mechanisms f o r b e n d i n g mesh l i n e s i n h e x a g o n a l g e o m e t r y . 
B e c a u s e o f the a b i l i t y t o l a y down an i n i t i a l f i g u r e a c r o s s the d i a g o n a l o f a 
mesh p a r a l l e l o g r a m , a l i m i t e d l i n e b e n d i n g may be o b t a i n e d u s i n g normal i n i t i a l 
f i g u r e s ( n o n - t r a n s i t i o n f i g u r e s ) . T h i s i s I n g e n e r a l produced when a 
n o n - c o n s t a n t mesh i n i t i a l f i g u r e i s o v e r l a i d on the c h e v r o n w i t h a 6 0 - d e g r e e 
r o t a t i o n r e l a t i v e to the h a l f o f the c h e v r o n o n w h i c h I t I s s u p e r i m p o s e d . An 
expanded c a p a b l l t y f o r mesh l i n e b e n d i n g i s p r o v i d e d b y t r a n s i t i o n f i g u r e s . 
A l t h o u g h o n l y the rows o f a t r a n s i t i o n f i g u r e may b e n d , l a y i n g down a p r o p e r l y 
r o t a t e d t r a n s i t i o n f i g u r e w i l l p r o d u c e b e n d i n g o f the co lumns i n the r e g i o n o f 
s o l u t i o n . T h i s p r o v i d e s a method o f a d j u s t i n g mesh l i n e s i n a n y d i r e c t i o n to 
a c h i e v e f i n e r d e t a i l i n a n y g i v e n a r e a o f the mesh. T r a n s i t i o n f i g u r e s a l s o 
make p o s s i b l e e x a c t r e p r e s e n t a t i o n s o f l o c a l i z e d r e c t a n g u l a r s e c t i o n s w i t h i n a 
h e x a g o n a l r e g i o n o f s o l u t i o n . I n t e r n a l I n t e r f a c e s vd i l ch a r e i n h e r e n t l y 
n o n - h e x a g o n a 1 may a l s o be r e p r e s e n t e d u s i n g t r a n s i t i o n f l g u r e s . 

Upon c o m p l e t i o n o f t h e o v e r l a y p r o c e s s e a c h mesh e l e m e n t o f the s o l u t i o n 
s p a c e w i l l be a s s i g n e d two i d e n t i f i e r s In a 11 p r o b l e m s , n a m e l y a f i n a l f i g u r e 
and a p l a n a r r e g i o n . F u r t h e r , i n f i n e b l o c k e d p r o b l e m s t h o s e p l a n a r r e g i o n s 
d e f i n e d a s f i n e b l o c k r e g i o n s w i l l a l s o be a s s i g n e d a c h a n n e l and a t r a c k 
i d e n t i f i e r . 

SUPER FIGURES 

When t h e same or a s i m i l a r p a t t e r n o f i n i t i a l f i g u r e s i s r e p e a t e d i n 
s e v e r a l s e c t i o n s o f t h e r e g i o n o f s o l u t i o n , t h e o v e r l a y p r o c e d u r e may be 
f a c i l i t a t e d t h r o u g h u s e o f s u p e r f i g u r e s . A s u p e r f i g u r e i s a g r o u p i n g o f 
i n i t i a l f i g u r e s i n a l a t t i c e o f f i x e d s i z e , w h i c h nay be c o n s i d e r e d a s u b s e t o f 
the r e g i o n o f s o l u t i o n . A s u p e r f i g u r e i s d e s c r i b e d b y g i v i n g : 

( 1 ) A s i z e d e s c r i p t i o n ( r o w b o u n d a r y and co lumn b o u n d a r y ) . 
( 2 ) A s u p e r f i g u r e o v e r l a y . 

The s i z e d e s c r i p t i o n (number o f co lumns and rows) d e f i n e s a l a t t i c e o n 
i d i i c h i n i t i a l f i g u r e s a r e o v e r l a i d . The SUPER FIGURE OVERLAY c o n s i s t s o f 
o v e r l a y s e t s , e a c h o f w h i c h s u p e r i m p o s e s a p a r t i c u l a r i n i t i a l f i g u r e o n t h e 
s u p e r f i g u r e . The i n i t i a l f i g u r e i s p o s i t i o n e d b y g i v i n g the row and co lumn o f 
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the super figure at which the initial figure origin is to be placed. The 
initial figure may be rotated and/or reflected in the frame of reference of the 
super figure. The super figure overlay is sequential and may overlay areas of 
the super figure which have been previously specified (recall, however, 
transition figures may not be overlaid). Normal initial figures (non-trans it ion 
figures) may extend beyond super figure boundaries; transition figure may not. 
Any portion of an initial figure which is outside the super figure boundaries, is 
ignored, and initial figure origins may be located outside these boundaries. 

Super figures are numbered sequentially from 1 to 999. 

Auxiliary Super Figures 

An auxiliary super figure is obtained by modifying the super figure overlay 
of a super figure. If two or more such substructures have the same colman 
boundary and row boundary but differ somewhat in overlay sets, the use of 
auxiliary super figures makes it unnecessary to repeat the size specification 
and any redundant super figure overlay sets. As with basic figures, the 
auxiliary figures for a particular super figure are numbered sequentially from 1 
to 9, and the super figure itself is assigned auxiliary figure number 0. 
Additional super figure overlay sets for other auxiliary super figures modify 
only the overlay sets for auxiliary super figure number 0. 

Initial Super Figures 

An initial super figure is identified by a super figure number followed by 
an auxiliary super figure number, and thus initial super figure numbers range 
from 10 to 9999. An initial super figure is superimposed on the region of 
solution via the final figure overlay. A single final figure number is assigned 
to the initial super figure when it is laid down. As in the case of a normal 
initial figure, the Initial super figure is positioned by giving the row and 
column of the solution region at which the origin is to be placed. Super 
figures may also be rotated and/or reflected. In laying down an initial super 
figure on the region of solution, the super figure may overlay previously 
specified sections; it may be later overlaid by an initial figure or another 
initial super figure; it may extend outside the region of solution (provided 
previously stated rules concerning transition figures in this regard are not 
violated); and it may have its origin outside the region of solution. 

Portions of a super figure may remain unspecified when the super figure 
overlay is complete. Such sections are called TRANSPARENT REGIONS. When a 
super figure with such areas is laid on the region of solution, the transparency 
produces no change in that section of the solution grld over which it is 
superimposed. The use of transparent regions in super figures thus allows 
figures with an outer boundary of other than a parallelogram to be superimposed 
on the region of solution. Any figure whose boundaries lie along the three 
hexagonal coordinate directions may be constructed via a super figure. 

HEXAGONAL GEOMETRY EXAMPLE 

Suppose the geometry shown !u Figure 3.5.5 Is to be constructed. This 
structure may represent one-third of a symmetric array of similar structures, 
with the solution to the larger problem actually being obtained by applying 
appropriate boundary conditions. Mesh points and dotted lines to facilitate the 
overlay procedure have been added in Figure 3.5.6, and the initial figures to be 
used in constructing the geometry are shown in Figure 3.5.7. Note that Initial 
figure 0021 is an auxiliary figure of 0020. The rows and columns in adjoining 
figures all meet at common boundary points. As a result, some figures contain 
more rows and columns than are required to describe their interfaces. In order 
to locate the initial figure origins, it is convenient to construct a unitized 
mesh as is Figure 3.5.9 in which all mesh intervals have been set to unity. 
This figure clearly displays the rows and columns of the chevron which are 
obscured in Figure 3.5.6 because of variable mesh. 
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The g e o m e t r y may be c o n s t r u c t e d i n s t e p s b y the f o l l o w i n g o v e r l a y : 

Initial Origin Rotated 
Figure (COlumn,row) (degrees) Reflected 

0010 6,0 60 Yes 
0010 io ,o 0 No 
0020 12,0 120 No 
0040 4,3 180 No 
0040 15,-3 60 No 
0030 4,0 0 Yes 
0030 12,0 60 No 
0040 4,6 180 No 
0040 15,0 60 No 
0031 4,3 0 Yes 
0031 12,3 60 No 

As a further example, an a l t e r n a t e method of lay ing down t h i s same mesh i s 
shown below. F i r s t , super f igure 001 shown in Figure 3 . 5 . 8 i s cons tructed by 
the fo l lowing p r o c e s s : 

Initial 
Figure 

Origin 
(column,row) 

Rotated 
(degrees) Reflected 

0040 
0040 
0030 
0031 

0,0 
6,3 
0,3 
3,3 

0 
180 
0 
0 

No 
Yes 
No 
No 

and then the following f i n a l figure o v e r l a y 
numbers refer to initial super figures): 

Initial 
Figure 

(idiere n e g a t i v e i n i t i a l f i gure 

0010 
0010 
0020 
-0010 
-0010 

Origin Rotati ed 
(column,ro w) (degrei es) Reflected 

6,0 60 Yes 
10,0 0 No 
12,0 120 No 
15,-3 60 No 
1,-3 0 Yes 
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FIGURES 3 . 5 . 1 - 3 . 5 . 2 

origin (0,o: 

Figure 3 . ^ . 1 Hexagonal Basic Figure 

Coluam 
Boundary 

Coluvn Boundary • 1 
\ 

origin (0,0) 1 

ROW Boundary 

Figure 30.2 Transition Figure 

http://EEXA.GOV
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FIGURES 8.8.3 - 3.5.4 

120^ 

2.̂ 0*' 

300*> 

Figure 3.3.3 Initial Figure Rotations 

21^0° 

IflO** 

120° 

300° 

Figure 3.3.1̂  Initial Figure Rotations with Reflection 
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FIGURE^ 3.5.5 - 3.5.6 

Figure 3.5.6 
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FIGURES 3.5.7 - 3.5.8 

Initial Figure OOlO 

Figure 3.5.7 

Initial Initial 
Figure ooeo Figure 0030 

Initial 
Figure 0031 

Initial 
Figure 00i»0 

Initial Super Figure 0010 

Figure 3*3*8 
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FIGURE 3 . 8 . 9 

Figure 3.5.9 
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3 . 6 . GEOMETRY DESCRIPTION: QUADRILATERAL GEOMETRY 

In t h e d e s c r i p t i o n o f a q u a d r i l a t e r a l g e o m e t r y , t h e e l e m e n t a r y b u i l d i n g 
b l o c k s a r e c a l l e d b a s i c f i g u r e s . Other b u i l d i n g u n i t s c a l l e d f i l e f i g u r e s may 
be o b t a i n e d from i n p u t F i l e Manager f i g u r e f i l e s . B o t h o f t h e s e s e t s o f f l g u r e s 
a r e u s e d to c o n s t r u c t compound f i g u r e s . Compound f i g u r e s a r e c r e a t e d 
s e q u e n t i a l l y ; a s e a c h i s p r o d u c e d i t may be u s e d a s a b u i l d i n g u n i t In 
s u c c e e d i n g compound f i g u r e s . One o f t h e compound f i g u r e s or f i l e f i g u r e s I s 
d e f i n e d to be the r e g i o n o f s o l u t i o n . The p u r p o s e o f t h e d e s c r i p t i o n i s t o 
d e f i n e the s p a t i a l p o s i t i o n o f a l l mesh p o i n t s i n t h e s o l u t i o n s p a c e and t o 
a t t a c h a s e t o f i d e n t i f i e r s to a l l mesh e l e m e n t s . The r e g i o n o f s o l u t i o n t o be 
c o n s t r u c t e d i s a g e n e r a l q u a d r i l a t e r a l l a t t i c e . A d e t a i l e d d e s c r i p t i o n o f t h i s 

BliiclIG^ 
The fundamenta l e n t i t i e s o f a mesh d e s c r i p t i o n a r e b a s i c f i g u r e s . T h e s e 

b u i l d i n g b l o c k s u s u a l l y c o r r e s p o n d to some s u b s t r u c t u r e i n t h e s o l u t i o n g r i d . 
B a s i c f i g u r e s i n q u a d r i l a t e r a l g e o m e t r y a r e p a r a 1 l e l o g r a m s o r i e n t e d i n t h e 
f o u r t h quadrant a s In F i g u r e 3 . 6 . 1 . A b a s i c f i g u r e I s I d e n t i f i e d b y a u n i q u e 
a l p h a n u n e r i c l a b e l . 

A b a s i c f i g u r e i s d e s c i b e d b y g i v i n g : 

( 1 ) A u n i q u e l a b e l . 
( 2 ) An I n t e r n a l a n g l e . 
( 3 ) A n e s h d e s c r i p t i o n . 
( 4 ) A p l a n a r r e g i o n o v e r l a y . 
( 5 ) Channel and t r a c k i n d e n t i f l e r s ( i f f i n e b l o c k i n g ) . 

The I n t e r n a l a n g l e i s t h e I n t e r i o r a n g l e a t t h e o r i g i n o f the b a s i c f i g n r e , 
and t h u s the a n g l e o f i n t e r s e c t i o n b e t w e e n the p a r a l l e l rows and co lumns o f t h e 
f i g u r e . The i n t e r n a l a n g l e u u s t be g r e a t e r t h a n 0 d e g r e e s and l e s s t h a n 180 

The mesh d e s c r i p t i o n c o n s i s t s o f g i v i n g t h e s i z e (number o f rows and 
c o l u m n s ) o f the b a s i c f i g u r e , and t h e n e s h s p a c i n g s a l o n g b o t h r o w 0 and c o l u m n 
0 . Tliis c o m p l e t e l y d e f i n e s the number and s p a t i a l o r i e n t a t i o n o f a l l p o i n t s In 

The PLANAR REGION OVERLAY c o n s i s t s o f a s e r i e s o f o v e r l a y s e t s w h i c h a s s i g n 
p l a n a r r e g i o n numbers ( i d e n t i f i e r s ) to e a c h o f t h e p a r a l l e l o g r a m n e s h e l e m e n t s 
In t h e b a s i c f i g u r e . E a c h o v e r l a y s e t s u p e r i m p o a e s a p a r t i c u l a r p l a n a r r e g i o n 
I d e n t i f i e r on a p a r a l l e l o g r a m s u b s e t o f the b a s i c f i g u r e . The s e t s a r e 
p r o c e s s e d s e q u e n t i a l l y , and a n y s e t may o v e r l a y a r e a s o f t h e n e s h s p e c i f i e d i n 
p r e v i o u s s e t s . For e a c h mesh p a r a l l e l o g r a m , the l a s t o v e r l a y s e t i n lAlch i t I s 
i n c l u d e d d e t e r m i n e s i t s p l a n a r r e g i o n i d e n t i f i c a t i o n number. E v e r y n e s h 
p a r a l l e l o g r a n need n o t be a s s i g n e d a p l a n a r r e g i o n nunber t i . e . , the p l a n a r 
r e g i o n o v e r l a y need n o t c o v e r the e n t i r e b a s i c f i g u r e . The e l e n e n t s n o t 
a s s i g n e d a p l a n a r r e g i o n i d e n t i f i e r a r e c a l l e d TRANSPARENCIES. When a b a s i c 
f i g u r e w i t h s u c h a r e a s i s u s e d i n the o v e r l a y i n g p r o c e s s d e s c i b e d b e l o w , t h e 
t r a n s p a r e n c y p r o d u c e s no c h a n g e In the p a r t o f the g r i d i t s u p e r i m p o s e s . P l a n a r 
r e g i o n n u n b e r s may v a r y f r o n 1 t o 9 9 9 and n e e d n o t be s e q u e n t i a l . 

As a n e x a m p l e , the f i r s t b a s i c f i g u r e i n F i g u r e 3 . 6 . 1 may be d e s c r i b e d b y 
o v e r l a y i n g p l a n a r r e g i o n 4 b e t w e e n c o l u m n s 0 and 5 , rows 3 and 4 ; r e g i o n 1 
b e t w e e n c o l u m n s 1 and 4 , rows 0 and 4 ; r e g i o n 2 b e t w e e n c o l u m n s 0 and 2 , rows 0 
and 3 ; r e g i o n 4 b e t w e e n c o l u m n s 3 and 5 , rows 1 and 3 | and r e g i o n 2 b e t w e e n 
co lumns 4 and 5 , rows 0 and 1 . The s e c o n d b a s i c f i g u r e In F i g u r e 3 . 6 . 1 would be 
d e s c r i b e d i f the s e c o n d o v e r l a y s e t I n s t e a d l a i d down r e g i o n 1 b e t w e e n co lumns 1 
and 4 , rows 3 and 4 . 

When the f i n e b l o c k i n g o p t i o n ( s e e S e c t i o n 3 . 9 ) h a s b e e n s e l e c t e d , CHANNEL 
and TRACK i d e n t i f i e r s a r e a l s o a s s i g n e d to the n o n - t r a n s p a r e n t mesh e l e m e n t s In 
the b a s i c f i g u r e . C h a n n e l s and t r a c k s a r e bounded b y t h e s t r a i g h t l i n e rows o r 
co lumns o f the b a s i c f i g u r e . N o r m a l l y c h a n n e l s a r e bounded b y co lumns and 
t r a c k s a r e bounded b y r o w s . That I s , a l l mesh e l e m e n t s b e t w e e n two c o n s e c u t i v e 
c o l u m n s i n a b a s i c f i g u r e would have the same c h a n n e l number, and a l l mesh 
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elements between two consecutive rows would have the same track number. This 
correspondence may optionally be reversed for any basic figure. The effect of 
this definition is to assign a channel and . ttack iidntifier to each 
non-transparent mesh parallelogram in the b^sic figure. Channel numbers may 
assume values from 1 to 999,999,999, and track numbers may vary from 1 to 127. 
Neither need be sequential. 

Auxiliary Figures 

An auxiliary figure is produced by modifying the planar region overlay 
and/or the channel and track identifiers (if fine blocking) of a basic figure. 
If two or more basic figures have the same internal angle and sane mesh 
description (same size and mesh spacings) but some different planar region, 
channel, or track identifiers, the use of auxiliary figures makes it unnecessary 
to repeat the mesh and angle specifications. For changing planar regions, only 
modifications to the planar region overlay need be specified in the form of 
additional overlay sets. If the channel or track identifiers of some of the 
mesh columns or rows are different, only the changes need be described. Up to 
nine auxiliary figures may be defined from each basic figure. Each auxiliary 
figure is identified by a unique alphanumeric label. The additional planar 
region overlay sets or changes in channel and track identifiers for an auxiliary 
figure modify only the data of the original basic figure. 

FILE FIGURES 

A file figure is a substructure whose completed description is obtained 
from an Input File Manager figure file, as opposed to being described by a 
building description. These figures may have been generated and saved by a 
previous problem, or may have been produced by an external geometry generator. 
A file figure is a lattice of H columns by N rows, some or all of whose mesh 
elements have been assigned identifiers and some or all of whose mesh points 
have been spatially defined. An example of the generality attainable using file 
flgrures is shown in Figure 3.6.2 which was created by an external geometry 
generator. Similar to a basic figure, a file figure may contain transparencies. 
Any figures generated in a problem (basic, auxiliary, and compound figures) may 
be saved in an output File Manager figure file for subsequent use. File figures 
are used along with basic figures and auxiliary figures in the construction of 
compound figures. 

It is important to note that no checks are made on the file flgures at the 
time they are input (the file, of course, must be in the proper format). That 
is, no checks are made as to the legality of the mesh description given by the 
flgures contained in the file. Any violations of the rules for a proper lattice 
will be flagged only If they result in violations in the final region of 
solutIon. 

File figures are identified by alphanumeric label. Any file figure 
contained in an input File Nbnager figure file for which a building description 
having the same label exists will be reconstructed using the building 
descript ion. 

INITIAL FIGURES 

Initial figruî e is a collective term referring to the set of all figures 
which have been defined at any stage in the geometry building process and thus 
are eligible to be used as building blocks for further construction. Basic 
figures, auxiliary figures, and file figures are all initial figures. Compound 
figures, which are generated sequentially, become initial figures in the order 
In which they are generated and thus become available for use. All initial 
flgures are identified by unique alphanumeric labels. 
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A compound figure Is constructed with initial figures in a lattice 
containing a prescribed number of rows and columns. Compound flgrures in 
quadrilateral geometry are oriented in the fourth quadrant (as in Figure 3.6.3), 
columns numbered from left to right and rows increasing from top to bottom. 
Compound figures are generated SEQUENTIALLY using available building units, 
including basic figures, auxiliary figures, file 
generated compound figures. Compound figures are 
alphanumeric labels. 

A compound figure is described by giving: 

figures, and previously 
identified using unique 

(1) A unique label. 
(2) A size description (row boundary and column boundary). 
(3) An Internal angle. 
(4) A compound figure overlay. 

The size description (number of rows and columns) defines a lattice on 
which the initial figures are overlaid. Initially this figure may be considered 
to be a completely flexible lattice of points in M columns and N rows. The 
point positions and mesh identifiers will be defined by superimposing the 
initial figures on the compound figure. 

The 
Intersection 

INTERNAL ANGLE of the 
.„ „̂  lion of a coordinate 
spatially position the initial f 
internal angle also serves as 
positioning them on the lattice, 
to think of this angle as 
compound figure (I.e. the angle 
the original flexible lattice). 
of all points In this initial gr 
in fact appear nowhere In the co 

compound figure Is used as the angle of 
system (see Figure 3.6.3) which will be used to 
igure when building the compound figure. The 
a reference for rotating initial figures before 
as will be described below. It will be useful 
the interior angle of the starting grid of the 
of intersection between the columns and rows In 
However, note that since the spatial positions 

id are completely free to move, the angle might 
mpleted compound figure. 

The COMPOUND FIGURE OVERLAY defines the building description by which a 
compound figure is constructed. This consists of a series of OVERLAY SETS, each 
of which superimposes a particular initial figure on the compound figure 
lattice. The initial figure fixes the spatial positions (coordinates) of the 
points which it overlays and assigns identifiers to the mesh elements which It 
o-v^r lays. 

The initial figure is positioned in the lattice 
(1) The point number 

initial figure Is (I,J) in the lattice 
to be attached . to 

by giving: 
which the origin of the 

(2) A prescription in the form 
which point in the compound 
the initial figure. 

of a pair of indices (Dx,Dy) 
igure lattice is overlaid by 

that determines 
each point in 

(3) The exact spatial coordinates (Xo,Yo) of the 
figure. 

origin of the Initial 

(4) The secondary rotation angle (R2) of the initial figure. 
There are two processes involved in superimposing an initial figure on the grid 
of a compound figure. First, items (1) and (2) above are primarily concerned 
with determining the set of points in the coiiq>ound figure which are to be 
overlaid by the points in the initial figure. Second, items (3) and (4) above 
are concerned with determining the exact spatial position of the initial figure 
in the compound figure grid. 

The origin of the initial figure Is attached to a point in the compound 
fierure by giving the column number (I) and row number (J) of the point in the 
conq>ound figure lattice on which it is to be overlaid. 



PDO-8 REFERENCE MANUAL 
3. GEOMETRY DESCRIPTION 

3 . 6 ( 5 / 7 8 ) Page 4 
6 . QUADRILATERAL GEOMETRY 

The o n e - t o - o n e c o r r e s p o n d e n c e b e t w e e n ( a ) the r e m a i n i n g p o i n t s i n the 
i n i t i a l f i g u r e , and ( b ) the p o i n t s i n t h e l a t t i c e o f the compound f i g u r e w h i c h 
e a c h i s t o o v e r l a y , i s p r e s c r i b e d b y the DIRECTIONAL INDICES. For e a c h i n i t i a l 
f i g u r e two I n d i c e s a r e s p e c i f i e d , a row d i r e c t i o n a l I n d e x (Dx) and a co lumn 
d i r e c t i o n a l i n d e x ( D y ) . The r o w d i r e c t l o n a l I n d e x r e p r e s e n t s the d i r e c t i o n i n 
the f r e e l a t t i c e i n w h i c h the rows o f the i n i t i a l f i g u r e w i l l be s u p e r i m p o s e d o n 
the compound f i g u r e l a t t i c e (and t h u s the s e t o f p o i n t s In the compound f i g u r e 
l a t t i c e w h i c h a row w i l l o v e r l a y ) . S i m i l a r l y , the co lumn d i r e c t i o n a l i n d e x 
d e f i n e s the o r i e n t a t i o n i n t h e f r e e l a t t i c e o f the co lumns o f the I n i t i a l f i g u r e 
b y s p e c i f y i n g the d i r e c t i o n o f the p o i n t s i n the compound f i g u r e w h i c h t h e y w i l l 

A d i r e c t i o n a l i n d e x a s s u m e s an i n t e g e r v a l u e from 1 to 8 , e a c h o f w h i c h 
d e f i n e s a d i r e c t e d l i n e e x t e n d i n g from a n y p o i n t i n the compound f i g u r e l a t t i c e 
to a p a r t i c u l a r one o f i t s 8 n e i g h b o r s . For a n y p o i n t ( I , J ) i n the f o u r t h 
quadrant l a t t i c e of the compound f i g u r e , the v a l u e s o f the d i r e c t i o n a l I n d i c e s 
a r e d e f i n e d a s f o l l o w s : 

Golumn 
I-l 

Column 
I 

Column 
I+l 

Row J-1 

Row J 

Row J+1 

[ 6 ] 
X 

[ 5 ] X 

X 

[71 
X 

[81 

[ 4 ] 
X 
[33 

X [ I ] 

X 
[21 

X = s'^Nelghb^rlng p o i n t s 
[ I = D i r e c t i o n a l Indices 

( r e l a t i v e to P) 

For example, assume an I n i t i a l f igure has i t s o r i g i n at tached to ( I , J ) ; 
i . e . , ( 0 , 0 ) in the i n i t i a l f i gn re o v e r l a y s ( I , J ) in the compound f igure l a t t i c e . 
Assume a l s o that the i n i t i a l f i gure i s l a id down with Dx= 1 and Dy«3. Referr ing 
to the above va lues for the d i r e c t i o n a l I n d i c e s , a row d i r e c t i o n a l index of 1 
would s p e c i f y that po int ( 1 , 0 ) in the i n i t i a l f igure would o v e r l a y po int 
( I + l , J ) ; i n i t i a l f igure po int ( 2 , 0 ) over lays po int ( 1 + 2 , J ) , and so on. 
A d d i t i o n a l l y , the colunn d i r e c t i o n a l Index of 3 s p e c i f i e s that i n i t i a l f igure 
point ( 0 , 1 ) over lays componnd f igure po int ( I , J + 1 ) , i n i t i a l f igure point ( 0 , 2 ) 
o v e r l a y s compound f igure po int ( I , J + 2 ) ; i n i t i a l f igure po int ( 2 , 3 ) over lays 
compound f igure point ( I + 2 , J + 3 ) , e t c . 

Further examples of d i r e c t i o n a l ind ices are g iven In Fignre 3 . 6 . 4 . The 
p o i n t s in Fignre 3 . 6 . 4 represent the f l e x i b l e l a t t i c e of a compound f igure of 9 
columns and 15 rows. The r e s u l t s o f snper iupos ing an I n i t i a l f igure w i t h 2 
columns and 3 rows us ing var ious combinations of d i r e c t i o n a l ind ices are 
i l l u s t r a t e d as f o l l o w s : 

P 
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O r i g i n 
Laydown ( c o l u m n , r o w ) Dx 

A 1 .1 1 
B 4 . 1 1 
C 2 , 8 1 

i li!! ! 

Dy 

3 
2 
7 
5 
4 
5 

Note t h a t F i g u r e 3 . 6 . 4 I s a UNITIZED MESH example i n d i c a t i n g o n l y t h e s e t s o f 
p o i n t s i n t h e compound f i g u r e w h i c h would be o v e r l a i d i n e a c h c a s e and n o t t h e 
r e s u l t i n g s p a t i a l p o s i t i o n s o f t h e s e p o i n t s . The g r i d o f t h e 2 b y 3 i n i t i a l 
f i g u r e w h i c h i s s u p e r i m p o s e d w i l l r e m a i n r i g i d w h i l e o v e r l a y i n g t h e p a r t i c u l a r 
s e t o f p o i n t s s p e c i f i e d b y the d i r e c t i o n a l I n d i c e s ; the s u r r o u n d i n g mesh l i n e s 
i n the compound f i g u r e w i l l a u t o m a t i c a l l y be changed to a c c o m o d a t e the new 
p o s i t i o n s o f the p o i n t s i ^ i c h a r e o v e r l a i d . Thus the same I n i t i a l f i g u r e c o u l d 
be u s e d i n a l l 6 o f the laydowns a b o v e . In e a c h c a s e , h o w e v e r , v a r y i n g amounts 
o f d i s t o r t i o n i n t h e s u r r o u n d i n g m e s h l i n e s o f t h e compound f i g u r e would r e s u l t . 

Thus the row and co lumn d i r e c t i o n a l i n d i c e s a t t a c h e a c h p o i n t i n the 
i n i t i a l f i g u r e to a p o i n t In the compound f i g u r e . C e r t a i n s e t s o f d i r e c t i o n a l 
i n d i c e s c a n be s e e n to c o r r e s p o n d v a r i o u s l y to " r o t a t i o n s * o r " r e f l e c t i o n s " 
( i n t e r c h a n g i n g rows and c o l u m n s ) i n the frame o f r e f e r e n c e o f the compound 
f i g u r e l a t t i c e . For e x a m p l e , i f a 9 0 - d e g r e e I n i t i a l f i g u r e I s s u p e r i m p o s e d o n a 
9 0 - d e g r e e compound f i g u r e u s i n g a row d i r e c t i o n a l i n d e x o f 5 and a co lumn 
d i r e c t i o n a l i n d e x o f 7 , t h i s would c o r r e s p o n d to r o t a t i n g the i n i t i a l f i g u r e 180 
d e g r e e s c l o c k w i s e a b o u t i t s o r i g i n b e f o r e l a y i n g I t down. A row d i r e c t i o n a l 
i n d e x o f 5 and a co lumn d i r e c t i o n a l i n d e x o f 3 would c o r r e s p o n d to a n i n i t i a l 
f i g u r e r o t a t e d 9 0 d e g r e e s c l o c k w i s e and r e f l e c t e d . 

A l l o w a b l e c o m b i n a t i o n s a r e i l l u s t r a t e d i n t h e f o l l o w i n g d e c i s i o n 
i n d i c a t i n g a l e g a l c o m b i n a t i o n ) : 

t a b l e ( x 

Dx 

Dy 

1 2 3 4 5 6 7 8 

1 - x x x - x x x 
2 x - x - x - - -
3 x x - x x x - x 
4 x - x - x - - -
5 - x x x - x x x 
6 x - x - x - - -
7 x x - x x x x x 
8 x - x - x - x -

T a b l e 3 . 6 . 1 

It should be noted that the 
directional indices are ILLEGAL: 

following combinations of row and column 

( 1 ) Dx - Dy. 
( 2 ) Dx = Dy+4 o r Dy = Dx+4. 
(3) Dx and Dy both even numbers. 

The f i r s t two of these i l e g r a l c o n d i t i o n s d e s c r i b e the degenerate c a s e s vdiere 
the row and column d i r e c t i o n a l i n d i c e s are equal (on the same line) or d i f f e r by 
4 ( o p p o s i t e d i r e c t i o n s but c o l i n e a r ) . The th ird I l l e g a l c o n d i t i o n (both 
d i r e c t i o n a l Indices even) r e s u l t s In correspondences between the i n i t i a l f igure 
po in t s and the o v e r l a i d confound f igure p o i n t s which are not o n e - t o - o n e . Al l 
other combinations are p e r m i s s i b l e . 

Having thus s p e c i f i e d the s e t of p o i n t s to be o v e r l a i d , i t remains to 
o r i e n t the e n t i r e i n i t i a l f igure in s p a c e . F i r s t , the exac t s p a t i a l coord ina te s 
(Xo.Yo) of the o r i g i n of the I n i t i a l f i gu re must be s p e c i f i e d . This point 
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l o c a t i o n i s d e s c r i b e d i n a c o o r d i n a t e s y s t e m ( a s i n F i g u r e 3 . 6 . 2 ) whose a x e s 
i n t e r s e c t a t a n a n g l e e q u a l to the d e f i n e d I n t e r n a l a n g l e o f the compound 
f i g u r e , X v a l u e s i n c r e a s i n g from l e f t to r i g h t and y v a l u e s I n c r e a s i n g from t o p 
to b o t t o m . P r i o r to a n y i n i t i a l f i g u r e b e i n g o v e r l a i d on the compound f i g u r e , 
the o r i g i n ( 0 . 0 , 0 . 0 ) o f the c o o r d i n a t e s y s t e m c o i n c i d e s w i t h the o r i g i n 
( I n t e r s e c t i o n o f row 0 and co lumn 0) o f the compound f i g u r e ; the l o c a t i o n s o f 
a l l o t h e r mesh p o i n t s i n the compound f i g u r e g r i d a r e u n d e f i n e d a t t h i s t i m e . 

If the o r i g i n o f the i n i t i a l f i g u r e i s t o be p o s i t i o n e d a t a p o i n t i n the 
compound f i g u r e whose s p a t i a l c o o r d i n a t e s have b e e n d e f i n e d b y a p r e v i o u s 
i n i t i a l f i g u r e o v e r l a y , t h a t e x i s t i n g p o s i t i o n may o p t i o n a l l y be u s e d to f i x the 
o r i g i n o f the i n i t i a l f i g u r e . N o t e , h o w e v e r , t h a t the p o i n t must have b e e n 
d e f i n e d b y a p r i o r laydown a t the t ime i t i s to be u s e d . One e x c e p t i o n i s the 
o r i g i n o f the compound f i g u r e ( c o l u m n 0 , row 0) w h i c h i s d e f i n e d to have s p a t i a l 
c o o r d i n a t e s ( 0 . 0 , 0 . 0 ) b e f o r e h a v i n g b e e n o v e r l a i d ( t h i s may, h o w e v e r , be 
r e d e f i n e d a s t h e o v e r l a y p r o c e s s p r o c e e d s ) . 

To c o m p l e t e t h e s p a t i a l d e f i n i t i o n o f the i n i t i a l f i g u r e b e i n g 
s u p e r i m p o s e d , t h e i n i t i a l f i g u r e may be r o t a t e d i n s p a c e . The ANGLE OF ROTATION 
o f the i n i t i a l f i g u r e o v e r l a y s e t i s d e f i n e d a s the a n g l e o f i n t e r s e c t i o n 
b e t w e e n the x - a x i s o f t h e compound f i g u r e c o o r d i n a t e s y s t e m and the x - a x i s In 
the c o o r d i n a t e s y s t e m o f the i n i t i a l f i g u r e b e i n g l a i d down. The a n g l e o f 
r o t a t i o n I s measured c l o c k w i s e from the p o s i t i v e x - a x i s o f the compound f i g u r e 
c o o r d i n a t e s y s t e m to the p o s i t i v e x - a x I s o f the i n i t i a l f i g u r e c o o r d i n a t e s y s t e m 
( s e e F i g u r e 3 . 6 . 5 ) . 

The a n g l e o f r o t a t i o n (R) o f the o v e r l a y i s d e t e r m i n e d by: 

( 1 ) The row d i r e c t i o n a l i n d e x ( D x ) . 

S p e c i f i c a l l y , R = R K D x , A ) + R2 . 

The PRIMARY ROTATION ANGLE ( R l ) i s a f u n c t i o n o f the row d i r e c t i o n a l i n d e x 
(Dx) and the i n t e r n a l a n g l e o f the compound f i g u r e ( A ) . Thus the p r i m a r y 

a^^o;iiSg"flih:%i?iii?i?^jrJ:c'^rp?io'n^ai?%ngreruieg;::in: ""f "^ a"̂^ A 
Dx Rl(Dx,A) 
1 0 
2 A/2 
3 A 
4 90 + A/2 
5 180 
6 180 + A/2 
7 180 + A 
8 270 + A/2 

These p r i m a r y r o t a t i o n a n g l e s a r e the a n g l e s o f l i n e s p o i n t i n g In e a c h o f the 

^J^^itroTiiilSr^^ta^l^n-SlesTrrfh::^'^: rl'.Ve'^t.l'H] a ^ l e '' ^-^^'' 

fine'^h^^T.ro?''f^l'\f.TiVn'i'^^^^^o^^^^ 
When t h i s c a p a b i l i t y i s u s e d , the s e c o n d a r y a n g l e o f r o t a t i o n i s EXPLICITLY 
a t t a c h e d to a n i n i t i a l f i g u r e when i t i s l a i d down. T h i s a n g l e i s c a p a b l e o f 
d e s c r i b i n g s m a l l a r c s o f r o t a t i o n near the p r i m a r y r o t a t i o n a n g l e . P o s s i b l e 

^!^;y ii^ito. :ti\rrj. ioir^i\i:n\A^A.'^\ TJ'A'LHAtr.trs - " -
R2 < [ R l ( D x + l , A ) - R l ( D x , A ) ] 

B2 > - C R l ( D x , A ) - R l ( D x - l , A ) ] 

r"jis?t?;i'"aUl:-'\:li'^erstJsi?*e""'rJi:t!;i°"id'"r'^::.atKe.s: 
c o u n t e r c l o c k w i s e . 
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For e x a m p l e , r e f e r t o F i g u r e 3 . 6 . 6 and assume a n I n i t i a l f i g u r e i s to be 
l a i d down w i t h a row d i r e c t i o n a l i n d e x Dx=7 i n a 6 0 d e g r e e compound f i g u r e . 
T h i s c o r r e s p o n d s to a p r i m a r y r o t a t i o n a n g l e o f 2 4 0 d e g r e e s . The s e c o n d a r y 
r o t a t i o n a n g l e R2 may t u r n the I n i t i a l f i g u r e a s f a r c l o c k w i s e a s the n e x t 
p r i m a r y a n g l e ( 3 0 0 d e g r e e s ) o r a s f a r c o u n t e r c l o c k w i s e a s the l a s t p r i m a r y a n g l e 

:?i? nJ:Tni!iiingr'!30fd:g;eer::r^^5^L^i:s^ '""^ ^ " th" -^ l " ̂ t̂̂ "̂̂  
The secondary r o t a t i o n angle i s o p t i o n a l . In the o v e r l a y s e t s in which the 

ng^rfir sZiVy'n.ir.i \L%^.:^i^i^j^i^of rotat""of *"̂  ^^""l 
speci?ter H'^l^l^J^oi^^tZ^^^i^l^'^r^^ll l i tlVVolTe.t'^^. tSl 
I n i t i a l f i gures which have a l ready been superimposed on the compound f i g u r e . 
This opt ion may be u t i l i z e d under the f o l l o w i n g c o n d i t i o n s . Assume that the 
f i r s t two po in t s in row 0 of the I n i t i a l f igure ( p o i n t s ( 0 , 0 ) and ( 1 , 0 ) ) are to 
o v e r l a y p o i n t s (XI ,YD and (X2,Y2) r e s p e c t i v e l y In the compound f i g u r e . Further 
assume (XI,YD and (X2,Y2) are ne ighboring p o i n t s in the compound f igure and 
have been def ined in the compound f igure by a prev ious o v e r l a y at the time t h i s 
i n i t i a l f igure i s be ing l a id down. I f t h e o r i g i n of the i n i t i a l f igure Is taken 

the lS^eeoJsrotf t ior i f*tLinl?tarniure'^yibe**Takin' l ; Te'^tll i^le'lf t ? ^ 
l i n e connect ing the p o i n t s (XI .YD and (X2,Y2). This i s thus a c a p a b i l i t y for 
s p e c i f y i n g that a p a r t i c u l a r i n i t i a l f igure be l a id down a t an o r i e n t a t i o n such 
that I t s f i r s t two columns in the f i r s t row "butt a g a i n s t " any two adjacent 
p o i n t s in the compound f igure which have a l ready been la id down. This Is done 
by s p e c i f y i n g the row d i r e c t i o n a l index to be n e g a t i v e , and not s p e c i f y i n g 
e i t h e r the s p a t i a l c o o r d i n a t e s of the i n i t i a l f i gure o r i g i n or the secondary 

zmir.rtuju.^^^\^ ;ftir:v?!?isdij;:YD -' "̂ •'̂ > — '• 
I n i t i a l f i g u r e s may extend beyond the boundaries of the compound f i g u r e s in 

any d i r e c t i o n ; any p o r t i o n of the i n i t i a l f igure ex tending o u t s i d e the compound 
f igure boundary i s ignored. The o r i g i n s of i n i t i a l f igure nay a c t u a l l y be 
p o s i t i o n e d o u t s i d e the compound f igure boundary. 

In the above process of s p e c i f y i n g the s p a t i a l p o s i t i o n of the i n i t i a l 
f igure being superimposed on the compound f i g u r e , i t should be emphasized that 
the i n i t i a l f igure gr id remains a r i g i d un i t whi le being l a id down. That i s , 
the r e l a t i v e l o c a t i o n s of the p o i n t s in the i n i t i a l f igure being l a id down 

s:in^^i;a;j-arn:"i.;iCnytis^ira:c~^;2te*?.;''ir;*inri:^:.ir^?- • -
For example, cons ider us ing two i n i t i a l f i g u r e s in Figure 3 . 6 . 7 l a b e l l e d 

STRUCTUREl and STRUCTURE2 to c r e a t e a 90-degree compound f igure with 8 columns 
and 7 rows. The g r i d s of these i n i t i a l f i g u r e s are I l l u s t r a t e d In Figure 3 . 6 . 7 ; 
assume STRUCTUREl has a constant mesh of 1.0 a long both i t s rows and columns. 
F i r s t lay down STRUCTUREl on the compound f i g u r e , a t t a c h I t s o r i g i n to compound 
f igure point ( 0 , 0 ) and s p e c i f y Dx=l and Dy=3. After t h i s laydown. the compound 

I T O T C I T ^ I Ine the""compounrng«re!' a J?aci"ttsaor i g™"?r^ i^ound7 i g ir r p o ! ^ 
( 6 . 2 ) and s p e c i f y Dx=3 and Dy=5.* S l i c e STOUCTURE2 h i s 2 c o l u : ^ s and 3 '^ows , the 
s e t of p o i n t s in the compound f igure which w i l l be o v e r l a i d are des ignated in 
Figure 3 . 6 . 8 . If the exact s p a t i a l p o s i t i o n of the o r i g i n of STRUCTURE2 Is 
s p f c i f i e d as ( 5 . 5 . 3 . 0 ) , thl mesh of the r e s u l t i n g compfund f igure i s shown in 

2 i ' ' S e g r e ; ^ . 9 ; h e ' ^ J e s 4 1 u ^ ^ ^ ; m p L n J % ! g ^ f ^ s h a ? f l s h ^ L r t n " M ^ r e s "" 

In a d d i t i o n to s p e c i f y i n g the correspondence betweeen i n i t i a l f igure p o i n t s 

coipounnTSirefo^^rlay^'^lso^s^ignstjLntrfleri t r t i rmesh%S:;en1s" ' ' ie:r iaiJ? 
The mesh elements are the t r i a n g l e s produced by d i v i d i n g the mesh q u a d d i l a t e r a l s 
a long one of the ir d i a g o n a l s . Thus, in a d d i t i o n to having In ter faces a long mesb 
rows or columns ( the boundaries of the mesh q u a d r i l a t e r a l s ) , i n t e r f a c e s may 
e x i s t a long e i t h e r d iagonal in a quaddr la tera l . 
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I n t e r f a c e s b e t w e e n n e s h e l e m e n t s In the i n i t i a l f i g u r e w i l l n a t u r a l l y 
become i n t e r f a c e s i n the compound f i g u r e . N o t e , h o w e v e r , t h a t t h e t y p e o f 
i n t e r f a c e may change d e p e n d i n g o n the d i r e c t i o n a l i n d i c e s , e . g . an i n t e r f a c e 
a l o n g a co lumn i n a n i n i t i a l f i g u r e n a y become an i n t e r f a c e a l o n g a d i a g o n a l i n 
the compound f i g u r e . This n e e d be o f c o n c e r n i n o n l y one e x c e p t i o n a l i n s t a n c e . 
When an i n i t i a l f i g u r e c o n t a i n i n g d i a g o n a l I n t e r f a c e s i s b e i n g l a i d down w i t h 
one o f I t s d i r e c t i o n a l i n d i c e s a n e v e n number, i l l e g a l t r l a n g u l a t i o n c a n r e s u l t . 
T h i s s i t u a t i o n o c c u r s vrben t h e d i r e c t i o n o f the d i a g o n a l i n t e r f a c e i s s u c h t h a t 
the mesh p o i n t s on e i t h e r end o f the d i a g o n a l a r e a t t a c h e d to p o i n t s more t h a n 
one row o r c o l u n n a p a r t , c a u s i n g the d i a g o n a l to s t r a d d l e two mesh rows or 
c o l u m n s . ( A l l o f the d L g o n a l I n t e r f a c e s may n o t be i l l e g a l i n t h i s c a s e , o n l y 
t h o s e m the same d i r e c t i o n In the i n i t i a l f i g u r e a s one o f the d i r e c t i o n a l 
i n d i c e s u s e d to l a y down the I n i t i a l f i g u r e ) . The compound f i g u r e o v e r l a y 
p r o c e s s w i l l p r o v i d e a w a r n i n g t h a t t h i s h a s o c c u r e d , w i l l z e r o the mesh 
I d e n t i f i e r s i n the o v e r l a i d mesh e l e m e n t i n the compound f i g u r e , and w i l l 
c o n t i n u e . A l a t e r o v e r l a y s u p e r i m p o s i n g s u c h mesh e l e m e n t s c a n r e s u l t i n a 

A FINAL FIGURE BIAS i s a s s o c i a t e d w i t h e a c h i n i t i a l f i g u r e o v e r l a i d on the 
compound f i g u r e . E a c h o v e r l a i d mesh e l e m e n t i s thus a s s g r n e d a FINAL FIGURE 
NUMBER w h i c h i s e q u a l to the sum o f the f i n a l f i g u r e number o f the mesh e l e m e n t 
i n t h e i n i t i a l f i g u r e and t h e f i n a l f i g u r e b i a s a t t a c h e d to the o v e r l a y s e t . 
( B a s i c and a u x i l i a r y f i g u r e s h a v e f i n a l f i g u r e n u n b e r s o f 0 a t t a c h e d to t h e i r 
mesh e l e m e n t s ) . T h i s p e r m i t s d i f f e r e n t o v e r l a y s u s i n g the same i n i t i a l f i g u r e 
to be d i s t i n g u l s h a b l e , w h i c h i s i m p o r t a n t f o r g r o s s i n v e n t o r y b l o c k 
d e t e r m i n a t i o n ( s e e S e c t i o n 3 . 9 ) and f o r e d i t i n g ( s e e S e c t i o n 5 . 2 ) . F i n a l f i g u r e 
b i a s e s may have a n y v a l u e , but f i n a l f i g u r e numbers i n the compound f i g u r e s a t 
„ y .,.,X Tt t h , L „ , r ^ , u n p r o c . . . S - t ha™ ™ 1 „ . b . t ^ . S » and « I S ! I f a 

ti le o v e r l a y p r o c e s s c o n t i m t e s . 

In p r o b l e m s f o r w h i c h the f i n e b l o c k i n g o p t i o n h a s b e e n s e l e c t e d e a c h n e s h 
e l e n e n t i n t h e i n i t i a l f i g u r e may a l s o have b e e n g i v e n a c h a n n e l and a t r a c k 
I d e n t i f i c a t i o n number. In p a r t i c u l a r , e a c h mesh e l e m e n t i n p l a n a r r e g i o n s 
d e s i g n a t e d a s f i n e b l o c k e d r e g i o n s i n b a s i c f i g u r e s w i l l have n o n z e r o c h a n n e l 
and t r a c k i d e n t i f i e r s . The c h a n n e l and t r a c k i d e n t i f i e r s i n p l a n a r r e g i o n s n o t 
to be f i n e b l o c k e d w i l l be z e r o . These i d e n t i f i e r s a r e a s s i g n e d to the mesh 
e l e m e n t i n the compound f i g u r e w h i c h a r e o v e r l a i d . F u r t h e r , a CHANNEL BIAS may 
be a s s i g n e d t o e a c h i n i t i a l f i g u r e e a c h t i n e I t I s o v e r l a i d on a compound 
f i g u r e . The c h a n n e l i d e n t i f i e r a s s i g n e d to the compound f i g u r e mesh e l e m e n t i s 
the s u n o f t h e n o n z e r o c h a n n e l number i n the i n i t i a l f i g u r e and the c h a n n e l 
b i a s , p e r m i t t i n g d i f f e r e n t o v e r l a y s u s i n g the same i n i t i a l f i g u r e to produce 
d i f f e r e n t c h a n n e l i d e n t i f i e r s . T h i s i s Important f o r d e t e r m i n a t i o n o f a u n i q u e 
s e t o f f i n e b l o c k s ( s e e S e c t i o n 3 . 9 ) . C h a n L l b i a s e s may have a n y v a l u e , Lt 
c h a n n e l n u n b e r s i n t h e f i n e b l o c k r e g i o n s o f the compound f i g u r e s a t a n y s t a g e 
o f c o n s t r u c t i o n must be b e t w e e n 1 and 9 9 9 . 9 9 9 , 9 9 9 . If a c h a n n e l number In a 

{iTntiWiii orf^"me:st:i;LnJhirtii'"i^:pisunr?iis^j,a?e^:r?? i :r i r « J ' l i i 
o v e r l a y process proceeds . 

Upon complet ion of the compound f igure o v e r l a y p r o c e s s , each mesh element 
which has been o v e r l a i d w i l l be ass igned two I d e n t i f i e r s in a l l problems, nanely 
a f i n a l f igure munber and a planar reg ion number. Further, in a l l f ine blocked 
problems those planar r e g i o n s des ignated as f ine block reg ions w i l l a l s o be 
assgrned a channel and a track I d e n t l f e r . 

Each OVERLAY SET In the compound f igure o v e r l a y thus conta ins the fo l l owing 
Information: i n i t i a l f igure used , column and row point numbers in the compound 
f igure a t «dilch to a t t a c h the o r i g i n of the i n i t i a l f i g u r e , row and column 
d i r e c t i o n a l I n d i c e s , f i n a l f i gu re b i a s , channel b i a s , s p a t i a l coordinates of the 
o r i g i n of the I n i t i a l f i g u r e , and secondary r o t a t i o n a n g l e . Host of these items 
are ass igned d e f a u l t va lues v^en they are not s p e c i f i e d ; o n l y the I n i t i a l 
f i gure labe l and the column and row at which to p o s i t i o n i t s o r i g i n need always 
be s p e c i f i e d ( s e e S e c t i o n 1 0 . 4 ) . These b u i l d i n g d e s c r i p t i o n s , in the form of 
o v e r l a y s e t s , nay be Input from Input F i l e Manager mesh f igure f i l e s . 

The coiq>ound f igure o v e r l a y s e t s are processed s e q u e n t i a l l y . Port ions of 
the compound f igure may remain u n s p e c i f i e d vAnen the o v e r l a y Is co iqt le te . As In 
the case of b a s i c f i g u r e s , these s e c t i o n s are c a l l e d t ransparenc ies . Yfhen any 
I n i t i a l f igure with such areas Is used to o v e r l a y a succeeding compound f i g n r e . 
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the t r a n s p a r e n c y p r o d u c e s no c h a n g e i n t h a t s e c t i o n o f t h e g r i d o v e r \^Ich i t I s 
s u p e r i m p o s e d . 

SOLUTION FIGURE 

One o f t h e c o n s t r u c t e d compound f i g u r e s o r Input f i l e f i g u r e s i s d e s i g n a t e d 
to be t h e SOLUTION FIGURE. The s o l u t i o n f i g u r e d e s c l b e s the t w o - d i m e n s i o n a l 
r e g i o n o f s o l u t i o n o f the p r o b l e m . The s o l u t i o n f i g u r e i s c h e c k e d to a s s u r e 
t h a t a l e g a l l a t t i c e w i t h the p r o p e r number o f c o l u m n s and rows and h a v i n g 
p r o p e r i d e n t i f i e r s f o r a l l n e s h e l e n e n t s h a s b e e n d e s c r i b e d . 

The c o l u n n boundary and row b o u n d a r y o f the s o l u t i o n f i g u r e n u s t be e x a c t l y 
the c o l u n n and row b o u n d a r y o f t h e p r o b l e m . There may be no traQSparenc l e s ; 
a l l p o i n t s must have b e e n a s s i g n e d s p a t i a l l o c a t i o n s and a l l mesh e l e m e n t s must 
have b e e n a s s g r n e d i d e n t i f i e r s . Each mesh q u a d r i l a t e r a l may have a t n o s t one 
d i a g o n a l i n t e r f a c e . D i a g o n a l i n t e r f a c e s may e x i s t a l o n g e i t h e r d i a g o n a l o f a 
q u a d r i l a t e r a l e x c e p t In c o n c a v e q u a d r i l a t e r a l s , where o n l y the d i a g o n a l i n s i d e 

The s e t o f p o i n t l o c a t i o n s must d e s c r i b e a g r i d i n w h i c h rows do n o t 
i n t e r s e c t o t h e r rows and c o l u m n s do n o t i n t e r s e c t o t h e r c o l u m n s . Mesh 
q u a d r i l a t e r a l s must be d e s c r i b e d s u c h t h a t none o f the s i d e s o f t h e 
q u a d r i l a t e r a l c r o s s or a r e c o i n c i d e n t . R e c a l l t h a t w a r n i n g s were i s s u e d f o r 
s e v e r a l v i o l a t i o n s ( i l e g r a l t r l a n g u l a t i o n , I l l e g a l mesh I d e n t i f i e r s , e t c . ) I n 
the coiiQ>ound f i g u r e g e n e r a t i o n p r o c e s s . Any o f t h e s e a r e a s w i l l be c o n s i d e r e d 
v i o l a t i o n s i f t h e y a p p e a r ( i . e . , a r e n o t r e d e f i n e d b y a l a t e r o v e r l a y ) i n t h e 
s o l u t i o n f i g u r e . 

QUADRILATERAL GEOMETRY EXAMPLES 

Three e x a m p l e s o f q u a d r i l a t e r a l g e o m e t r y c o n s t r u c t i o n a r e p r e s e n t e d b e l o w . 
The f i r s t example I l l u s t r a t e s the c o n s t r u c t i o n o f v a r i o u s coiiq>ound f i g u r e s . The 
s e c o n d example d e m o n s t r a t e s t h e u s e o f q u a d r i l a t e r a l g e o m e t r y f o r c o n s t r u c t i o n 
o f a n e s s e n t i a l l y r e c t a n g u l a r g r i d . The t h i r d e x a m p l e c o n s t r u c t s a h e x a g o n a l 
compound f i g u r e c o n t a i n i n g l o c a l r e c t a n g u l a r r e g i o n s . 

Example 1 

T h i s example c o n s t r u c t s a s e r i e s o f compound f i g u r e s and i l l u s t r a t e s t h e 
r e s u l t i n g g r i d s In t r u e n e s h . TOe i n i t i a l f i g u r e s to be u s e d a r e i n F i g n r e 
3 . 6 . 1 1 . Note t h a t t h e s e p a r t i c u l a r I n i t i a l f i g u r e s a r e p a r a 1 l e l o g r a m s , and 
t h e r e f o r e c o u l d p o s s i b l y be b a s i c f i g u r e s , a u x i l i a r y f i g u r e s , compound f l g u r e s , 
or f i l e f i g u r e s . The g r i d s o f t h e s e f i g u r e s a r e i l l u s t r a t e d to s c a l e , and the 
mesh s p a c i n g s a l o n g t h e c o l u m n s and rows o f the i n i t i a l f i g u r e s l a b e l l e d REGTFIG 
and HEXFIG a r e assumed to be 1 . 0 . REGTFIG and INIT90 a r e 9 0 - d e g r e e i n i t i a l 
f i g u r e s , HEXFIG and INIT120 a r e 1 2 0 - d e g r e e f i g u r e s , INIT45 i s a 4 5 - d e g r e e 
f i g u r e , INIT60 I s a 6 0 - d e g r e e f i g u r e , and INIT70 i s a 7 0 - d e g r e e f i g u r e . 

The coiQ>ound f i g u r e s g e n e r a t e d a r e shown i n F i g u r e s 3 . 6 . 1 2 - 3 . 6 . 1 4 . The 
g r i d s i n t h e s e i l l u s t r a t i o n s i n d i c a t e the f i n a l p o s i t i o n s o f a l l the mesh p o i n t s 
i n the conponnd f i g u r e . 

COMPl t h r o u g h COMPll a r e 9 0 - d e g r e e compound f i g u r e s w i t h 14 c o l u n n s and 11 
r o w s . The f i r s t o v e r l a y on a l l o f t h e s e f i g u r e s I s REGTFIG l a i d down a t p o i n t 
( 0 , 0 ) i n the conponnd f i g u r e w i t h (Dx .Dy) = ( 1 , 3 ) . S u c c e e d i n g o v e r l a y s f o r e a c h 
o f t h e s e conponnd f i g u r e s a r e a s f o l l o w s : 
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Compound 
Figure 

COMPl 
C0MP2 
C0MP3 
C0MP4 
C0MP5 
C0MP6 
C0MP7 
G0MP8 
G0MP9 

U 

GOMP10 
H 

COMPll 

Directional 
Initial Origin Indices 
Figure (column,row) (Dx,Dy) 

INIT90 
INIT90 
INIT90 
INIT90 
INIT45 
INIT120 
INIT?0 
INIT70 
INIT90 
INIT90 
INIT90 
INIT90 
INIT120 
INIT90 

6,4 
6,4 
6,4 
6,4 
5.4 
6,9 
5,4 
5,4 
5,3 
10,2 
3,3 
6,5 
6,9 
7,5 

1,3 
1,3 
3.1 
5,7 
1.2 
5,8 
1,3 
1,2 
5,3 
3,5 
3,1 
1,3 
5,8 
-1.7 
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Spatial 
Coord. 
(Xo,Yo) 

Secondary 
Rotation 
Angle 

7.0,4.5 
7.0,4.5 
7 . 0 . 4 . 5 

2 5 . 0 

6 . 0 , 4 . 5 
5 . 5 , 8 . 5 
5 . 5 , 4 . 5 
7 . 0 , 4 . 2 5 
4 . 5 , 3 . 2 5 
8 . 5 , 2 . 2 5 
4 . 0 , 3 . 5 
6 . 5 , 5 . 5 
5 . 5 , 8 . 5 

1 5 . 0 

- 2 0 . 0 

1 5 . 0 

Compound f i g u r e s C0MP12 t h r o u g h COMP15 a r e 1 2 0 - d e g r e e compound f i g u r e s w i t h 
10 c o l u m n s and 11 r o w s . TOe f i r s t o v e r l a y f o r e a c h of the compound f i g u r e s i s 
HEXFIG l a i d down a t p o i n t ( 0 . 0 ) i n the compound f i g u r e w i t h (Dx .Dy) = ( 1 , 3 ) . 
S u c c e e d i n g o v e r l a y s f o r e a c h o f t h e s e compound f i g u r e s a r e a s f o l l o w s : 

Compound 
F i g u r e 

I n i t i a l 
F i g u r e 

COMPl 2 
COMPl3 
G0MP14 

H 
N 

COMPl5 

INIT120 
INIT90 
INIT60 
INIT60 
INIT60 
INIT60 

Example 2 

D i r e c t i o n a l S p a t l a 1 S e c o n d a r y 
O r i g i n I n d i c e s Coord. R o t a t i o n 

( c o l u m n , r o w ) (Dx,Dy) (Xo,Yo) Angle 

7 , 5 
2 , 3 

1:1 
3 , 6 
1 .3 
3 . 5 
2 . 3 
1 ,2 
7 . 6 5 . 7 5 , 2 . 7 5 

2 . 5 . 3 . 5 30.0 

r e c t a S i l a r g r i i ! Ss1ng^?^e i i s h b e i d l S ^ I J I b i S t t y o? q u a S r i l a f e r a " g e o S e t r J Jo 
c o n s e r v e t h e t o t a l number o f mesh p o i n t s w h i l e d e s c r i b i n g i n t e r f a c e s a c c u r a t e l y . 
The 9 0 - d e g r e e i n i t i a l f i g u r e s w h i c h w i l l be u s e d a r e shown i n F i g u r e 3 . 6 . 1 5 . 
Assume a l l mesh s p a c i n g s i n the i n i t i a l f i g u r e CONSTMESH a r e 1 . 0 . To c o n s t r u e t 
the 9 0 - d e g r e e compound f i g u r e COMPFIGl i n F i g u r e 3 . 6 . 1 6 the f o l l o w i n g o v e r l a y 
s e t s c o u l d be u s e d : 

D i r e c t i o n a l 

1^^l (co?u^;row) ; s i ; s f 
%Vo^r. S e c o n d a r y 

R o t a t i o n 

CONSTMESH 
MESHFIGl 
HESHFIGl 
MESHFIG2 

0.0 
12.4 
2.9 
6,3 

1.8 
5,1 
3,1 
3,5 

12.3,4.6 
3.2,9.8 
5.2,2.7 

Then using COMPFIGl and a 33 x 33 constant mesh (1.0 mesh spacing) initial 
figure BACKFIG (not illustrated), the following overlay sets would construct 
C0MPFIG2 in Figure 3.6.17: 



PDQ-8 REFERENCE MANUAL 
3 . GEOMETRY DESCRIPTION 

3 . 6 ( 5 / 7 8 ) 
6. 

Page 11 
OUADRILATERAL GEOMETRY 

D i r e c t i o n a l 
Initial Origin Indices 
Figure (column,row) (Dx,Dy) 

BACKFIG 0,0 1.3 
COMPFIGl 16, 1 5,3 
COMPFIGl 17,2 3,1 
COMPFIGl 1,32 7,1 
COMPFIGl 17,17 1,3 

Spatial Secondary 
Coord. Rotation 
(Xo,Yo) Angle 

15.5.0.5 

17*;!17.5 

Example 3 

T h i s 

^ S E ^ L Y l 

compound 

example u s e s q u a d r i l a t e r a l g e o m e t r y f o r c o n s t r u c t i n g a n e s s e n t i a l l y 
g r i d i n c l u d i n g c e r t a i n r e c t a n g u l a r s t r u c t u r e s . The i n i t i a l f i g u r e s 

^m ŝt itZlT^ 3;5.^?:0.«"^S?I!1 iLa ir^l^^r^'t\llt{in\^ 
iTOI rotirnii W'^iv ot:;lars^^"^used\o"?^^^?e Vht titiir.i 

f i g u r e l a b e l l e d COMPOUNDl ( s e e F i g u r e 3 . 6 . 1 9 ) a r f : "^ 
Directional Spatial Secondary 

Initial Origin Indices Coord. Rotation 
Figure (colu^,row) (Dx,Dy) (Jfo,Yo) Angle 

BACKGROUND 0,0 
RECTHESH 2,2 
RECTMESH 2,2 
HEXMESH 0,0 
ASSEMBLYl 10,4 
ASSEMBLYl 18,4 
ASSEMBLYl 4,18 
ASSEMBLY2 14,14 

1.3 -
3,5 -
1.7 -
1,3 0.88,0.88 
3,5 -
5,3 -
7,1 -
1,3 15.5,15.0 

The compound f i g u r e COMPOUNDl c a n t h e n be u s e d to c o n s t r u c t a s e c o n d 
compound f i g u r e C0HP0UND2. C0MP0UND2 i s a 1 2 0 - d e g r e e compound f i g u r e h a v i n g 4 0 
co lumns and 4 0 r o w s . COMPOUNDl w i l l be o v e r l a i d on C0MP0UND2 t h r e e t i m e s ( a s i n 
F i g u r e 3 . 6 . 2 0 ) , w i t h the upper r i g h t and lower l e f t p o r t i o n s o f C0MP0UND2 
r e m a i n i n g t r a n s p a r e n t . The o v e r l a y s e t s u s e d f o r c o n s t r u c t i n g COMPOUND2 a r e a s 
f o 1 l o w s : 

D i r e c t i o n a l S p a t i a l 
I n i t i a l O r i g i n I n d i c e s Coord . 
F i g u r e (CO lumn,row) (Dx ,Dy) (Xb,Yo) Angle 

COMPOUNDl 
COMPOUNDl -^,^w 
COMPOUNDl 20.20 

iS:iS 7 . 5 1 0 . 0 . 1 0 . 0 

l^naSited(tr^Tj^ 3lS?21! o f compound f i g u r e G0MP0UND2 i s 
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Origin (0,0) 

Internal 
Angle N 
0® < I l < iflo' 

ROW Boundary Hî ZX 

Transparency 
Coluan 
Boundary 

Figure 3.6.1 Typical Quadrilateral Basic Figures 
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FIGDBE 3.6.2 

Origin 
(0>0) 

Figure 3.6«2 Qfttadrilateral File Figure 
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FIGURE 3.6.3 

(0.0, 0.0) 
Origin Of t; 
fourth qua( 
coordinate 
systea 

Internal Angle (N ) of the coordinate system 
•4-x direction 

*y direction 

Figure 3*6«3 Covpound Figure and Associated Coordinate Systea 
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FIGURE 3 . 6 . 4 

(0,0) 1 2 5 ' » 5 6 7 8 9 10 

1 

2 

3 
k 

5 

6 

7 

8 

9 

10 

11 

12 

13 

15 

\ 

I 
• f 
A I 

f • • y • X 
I 

i—^-4 

I I I I 

f f • • t 
• D I 

- ^ 

• C I 
f • i 
e-^-^ 

/ I 

I 

• E • / • 

Figure 3*6«4 Directional indices 
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iP/)METRY 

FIGURE 3.6.5 

compound figure coordinate systea 

♦X 

4-x-axls 

+x-axi8 

♦y 

Figure 3»6«5 Angles of Rotation (R) for Several Initial Figures 
(Rote: the labels ••̂ x-axis" indicate the 

•»x-axl8 of each initial figure) 
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FIGURE 3.6.6 

5 < 

Directional Indices 
(unitlsed Mesh) 6o-degree 

coapound figure 

90-degree 
coapound figure 120-degree 

compound figure 

Figure 3*6.6 Priaary Rotation Angles for Several Coapound Figures 
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6. QUADRILATERAL GEOMETRY 

FIGURES 3.6.7 - 3.6.8 

(0,0) 1 2 3 * ^ 5 6 7 8 

1 

■ ^ — — 

1 

3 

1. 

3 

1. 

«♦• 

5 

6 
T 

5 

6 
T 

(0,0) 3. 2 

STRUCTURE2 

STRUCTUREl 

Figure 3.6.7 

(0,0) 1 2 3 4 5 6 7 8 

1 

2 

3 

5 

6 

7 

< ^ _ - ^ ^ ^ ^ 

Figure 3.6.8 
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FIGURES 3 . 6 . 9 - 3 . 6 . 1 0 

(0,0) 1 2 3 4 5 6 7 8 

2 

3 
4 
5 
6 

I \ I I I 
/ 

I 
Figure 3.6.9 

(0,0) 1 2 3 4 5 6 7 8 

1 

2 

1 

2 Wy 
1 

2 Wy 
3 
4 

5 

6 

7 

-ti^ 3 
4 

5 

6 

7 

-ti^ 3 
4 

5 

6 

7 

3 
4 

5 

6 

7 
Figure 3.6.10 
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FIGURE 3 . 6 . 1 1 

--

RECTFIG HEXFIG 

niiT9o iiirr45 IHIT60 

IHIT70 IIIIT120 

Figure 3.6.11 
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FIGURE 3 . 6 . 1 2 

, 

\ \ 1 \ \ 
/ / "*"~-̂  - . i. / / 

-<: 1 59=^ 
^ ■ " ^m -<: 1 ff^^z: 

Y/ 1 / 
\ ^ ■" " "" Y/ 1 / 
\ ^ 

f ± _ L L 
^ ^m ^m 1 1 nd i M H 1 ^ M M -^ ULL-^ ^̂  ^ 

CGMFl C0KF2 

C0MP3 

m 
V 

rm 

: : : : : : : 

C(MF4 

CGNF5 C(ME6 

Figure 3*6.12 

'̂  
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FIGURE 3 . 6 . 1 3 

1 ■ 

"" 1̂̂ ^̂  ,»^ 

n V 

COMPT cdoe 

CCMFB (mesh U n e s ) CCMP9 

1 1 "*̂  

- \ / --

-W-ff-
-

ttkW / / 
.̂ ^TTT^̂ t̂WA -^ 

/ ' 
i:̂ 9fc i:̂ 9fc 
mr mr 1 I I I 
CCMPIO COMFll 

Figure 3.6.13 
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FIGURE 3.6.14 

CGNP12 CCMP13 

A \ A 

CGNF14 CCMP15 

Figure 3.6.14 
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FIGURES 3 . 6 . I S - 3 . 6 . 1 6 

"~im'*~r~Tmn~T"Tm~Tn'~T~T~T"' 

CONSTMESH 

Figure 3.6.15 

NESHFTOl 

MESHFI02 

CGMinGl 

_ • ■ 

^ M 

_ . . . i ■■•iM ^ . 1 

— M . mamm 

^ ^ ■.■M ■ M 

Figure 3.6.16 
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///////y////YT7 \^\\m\'^\m 

wwwwwwws^) ))))))>)))) )m 

COMFFIOe 
Figure 3.6.17 
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FIGURE 3.6.18 

SACKGROUHD 

ASSEMBLYl ASSEMBL3f2 HEXMESH 

I I I 1 I I I I I M I I I I I I I 
REC1MESH 

Figure 3.6.18 
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FIGURES 3.6.19 - 3.6.28 
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COMPODIDl 
Figure 3*6.19 

(0,2; 

40 L. 

Figure 3.6*20 



GO 

» GO 

f-i 

cue» 



PDQ-8 REFERENCE MANUAL 3 . 7 ( 5 / 7 8 ) Page 1 
3 . GEOMETRY DESCRIPTION 7 . BOUNDARY CONDITIONS 

3 . 7 . GEOMETRY DESCRIPTION: BOUNDARY CONDITIONS 

Zero f l u x , z e r o c u r r e n t , and f i x e d f l u x ( i n n o n - s y n t h e s i s p r o b l e m s ) may be 
a p p l i e d a l o n g e a c h b o u n d a r y o f t h e r e g i o n o f s o l u t i o n . The l e f t b o u n d a r y 
c o n d i t i o n ( co :umn z e r o ) o u s t be z e r o c u r r e n t i n c y l i n d r i c a l and s p h e r i c a l 
g e o m e t r i e s . 

R o t a t i o n a l symmetry may be a p p l i e d a l o n g the t o p row ( r o w O) o f t h e x - y 
g e o m e t r y i n t w o - and t h r e e - d i m e n s i o n a l r e c t a n g u l a r , h e x a g o n a l , and q u a d r r l a t e r a l 
g e o m e t r y . The program imposes t h i s c o n d i t i o n b y f o r c i n g t h e f l u x v a l u e s o n t h i s 
b o u n d a r y to be s y m m e t r i c a b o u t the m i d p o i n t , and t h e c u r r e n t v a l u e s to be 
s y m m e t r i c i n v a l u e but o p p o s i t e i n s i g n a b o u t t h e m i d p o i n t . In h e x a g o n a l 
g e o m e t r y , the m i d p o i n t w i l l a l w a y s be the m e s h p o i n t o n t h e d i a g o n a l c o l u m n ; In 
r e c t a n g u l a r and q u a d r i l a t e r a l g e o m e t r y t h e " m i d p o i n t * o f the row may o r may n o t 
c o i n c i d e w i t h a mesh p o i n t ( i t w i l l n o t when t h e r e a r e a n odd number o f co lumn 
mesh l i n e s ) . The r o t a t i o n a l symmetry i s 1 8 0 - d e g r e e i n r e c t a n g u l a r and 
q u a d r i l a t e r a l g e o m e t r y . and 1 2 0 - d e g r e e i n h e x a g o n a l g e o m e t r y . In r e c t a n g u l a r 
g e o m e t r y , the mesh s p a c I n g s a l o n g the t o p row must be s y m m e t r i c a b o u t the 
m i d p o i n t o f the row. In h e x a g o n a l g e o m e t r y t h e row 0 mesh s p a c i n g s must be 
s y m m e t r i c a b o u t t h e d i a g o n a l co lumn o f the c h e v r o n . In q u a d r i l a t e r a l g e o m e t r y 
the s i z e s and o r i e n t a t i o n s o f the m e s h s p a c l n g s must be s y m m e t r i c ( t h r o u g h a 
1 8 0 - d e g r e e r o t a t i o n ) a b o u t the m i d p o i n t o f t h e row. In a l l c a s e s the b o u n d a r y 
c o n d i t i o n o n c o l u m n 0 and the co lumn b o u n d a r y must be the same . 
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3 . 8 . GEOMETRY DESCRIPTION: BLOCKING 

The I n v e n t o r y b l o c k i s the b a s i c p l a n a r mesh u n i t f o r d e p l e t i o n , p o m r 
s h a p e g e n e r a t i o n , and e d i t i n g p u r p o s e s . The program a l l o w s t h e u s e r to d e f i n e 
two d i f f e r e n t s e t s o f b l o c k s : g r o s s b l o c k s and f i n e b l o c k s . 

A GROSS BLOCK d e f i n e s a c o l l e c t i o n o f mesh e l e m e n t s o v e r w h i c h m a t e r i a l 
i n v e n t o r i e s f o r a l l n u c l i d e s i n t h e p r o b l e m a r e assumed u n i f o r m a t a n y g i v e n 
t i p e i n l i f e . These i n v e n t o r i e s d e f i n e the m a c r o s c o p i c c r o s s s e c t i o n s >di ich 
d e t e r m i n e t h e s o l u t i o n t o the s p a t i a l c a l c u l a t i o n . The f l u x s o l u t i o n i s 
I n t e g r a t e d o v e r e a c h g r o s s b l o c k a n d , i n c o n j u n c t i o n w i t h the g r o s s b l o c k 
I n v e n t o r i e s and m a c r o s c o p i c and m i c r o s c o p i c c r o s s s e c t i o n s , d e t e r m i n e s the 
s p a t i a l v a r i a t i o n o f t h e p a r a m e t e r s u s e d i n a l l i n t e g r a t i o n e d i t s (vo lume 
w e i g h t e d m a c r o s c o p i c d a t a , f l u x i n t e g r a l s and f l u x w e i g h t e d d a t a , i s o t o p i c 
r e a c t i o n r a t e s , a v e r a g e c o n c e n t r a t i o n s , t e m p e r a t u r e f e e d b a c k d a t a and x e n o n 
f e e d b a c k d a t a ) , f e e d b a c k s , and g r o s s b l o c k d e p l e t i o n . 

In 1-0 p r o b l e m s , e a c h mesh e l e m e n t i s a u n i q u e g r o s s b l o c k . 

In 2-D p r o b l e m s ( e x c e p t c y l i n d r i c a l g e o m e t r y ) , the program d e f i n e s e a c h 
g r o s s b l o c k to be the s e t o f mesh e l e m e n t s h a v i n g u n i q u e f i n a l f i g u r e - p l a n a r 
r e g i o n numbers . The g r o s s b l o c k s a r e o r d e r e d f i r s t b y f i n a l f i g u r e number, t h e n 
b y p l a n a r r e g i o n w i t h i n e a c h f i n a l f i g u r e . O n l y f i n a l f i g u r e - p l a n a r r e g i o n 
p a i r s w h i c h a c t u a l l y a p p e a r i n the mesh a r e i n c l u d e d i n t h i s o r d e r i n g ; the 
o r d e r i n g i t s e l f i s i n d e p e n d e n t o f the p o s i t i o n o f a mesh e l e m e n t i n the l a t t i c e . 
Note t h a t mesh e l e m e n t s i n a g i v e n g r o s s b l o c k need n o t be c o n t i g u o u s . 

In 2 -D c y l i n d r i c a l p r o b l e m s , t h e program e x t e n d s a l l h o r i z o n t a l and 
v e r t i c a l f i n a l f i g u r e - p l a n a r r e g i o n i n t e r f a c e s i n the a p p r o p r i a t e d i r e c t i o n 
t h r o u g h the e n t i r e l a t t i c e . The b l o c k s t h u s formed a r e numbered f i r s t from l e f t 
to r i g h t , t h e n from t o p to b o t t o m i n the l a t t i c e . T h i s method i s r e f e r r e d to a s 
r e c t a n g u l a r b l o c k i n g . 

In 3 -D p r o b l e m s , t r a n s v e r s e p l a n a r g r o s s b l o c k s a r e d e f i n e d e x a c t l y a s i n 
the 2 -D ( n o n - c y l i n d r i c a l ) c a s e . F u r t h e r , c o n t i g u o u s s e t s o f a x i a l mesh p l a n e s 
a r e grouped i n t o GROSS PLANES to d e l i m i t i n v e n t o r y b l o c k s i n the z - d i r e c t i o n . 
The u s e r d e f i n e s t h e s e g r o s s p l a n e s b y s p e c i f y i n g the a x i a l mesh p o i n t s w h i c h 
a r e to be GROSS PLANE BOUNDARIES. Each g r o s s p l a n e contains the same s e t o f 
t r a n s v e r s e p l a n a r g r o s s b l o c k s , s o the t o t a l number o f g r o s s b l o c k s i n a 
t h r e e - d i m e n s i o n a l p r o b l e m i s the p r o d u c t o f the number o f p l a n a r g r o s s b l o c k s 
and the number o f g r o s s p l a n e s . 

Note t h a t i n a l l d i m e n s i o n a l i t i e s , e a c h mesh e l e m e n t i n the p r o b l e m w i l l be 
c o n t a i n e d i n e x a c t l y one g r o s s b l o c k . 

In p r o b l e m s f o r w h i c h the f i n e b l o c k i n g o p t i o n has b e e n s e l e c t e d , g r o s s 
b l o c k s may be d i v i d e d i n t o s m a l l e r c o l l e c t i o n s o f mesh e l e m e n t s to d e f i n e FINE 
BLOCKS i n s p e c i f i e d r e g i o n s o f the s o l u t i o n mesh. M a t e r i a l i n v e n t o r i e s f o r a 
s p e c i f i e d s u b s e t o f the n u c l i d e s a r e assumed u n i f o r m o v e r t h e s e f i n e b l o c k s a t 
a n y g i v e n t ime i n l i f e . The m i c r o s c o p i c c r o s s s e c t i o n s from the g r o s s b l o c k 
d e p l e t i o n a r e u s e d f o r e a c h f l u e b l o c k w i t h i n a g r o s s b l o c k t o g e t h e r w i t h the 
s o l u t i o n f l u x i n t e g r a t e d o v e r e a c h f i n e b l o c k to d e f i n e the power and d e p l e t i o n 
b e h a v i o r o f the s p e c i f i e d s u b s e t o f i s o t o p e s o v e r e a c h f i n e b l o c k . T h i s f i n e 
b l o c k power and d e p l e t i o n i n f o r m a t i o n h a s no e f f e c t on the r e s t o f the t o t a l 
c a l c u l a t i o n and i s u s e d o n l y f o r p o s s i b l e p r i n t i n g and f i l i n g ( a s a F i l e Manager 

In 1-D and 2 - 0 p r o b l e m s , f i n e b l o c k s a r e d e f i n e d a s s e t s o f mesh e l e m e n t s 
w i t h u n i q u e g r o s s b l o c k - c h a n n e l - t r a c k numbers i n t h o s e p l a n a r r e g i o n s w h i c h 
a r e s p e c i f i e d to be f i n e b l o c k e d , i . e . , t h o s e mesh e l e m e n t s w i t h n o n - z e r o 
c h a n n e l - t r a c k numbers . None, p a r t , or a l l o f t h e mesh e l e m e n t s i n a n y g i v e n 
g r o s s b l o c k n a y be c o n t a i n e d i n a f i n e b l o c k . Mesh e l e m e n t s In a g i v e n f i n e 
b l o c k need n o t be c o n t i g u o u s . 

In 3 - D p r o b l e m s , t r a n s v e r s e p l a n a r f i n e b l o c k s a r e d e f i n e d e x a c t l y a s i n 
the 2 -D c a s e . F u r t h e r , c o n t i g u o u s s e t s o f mesh p l a n e s w i t h i n e a c h g r o s s p l a n e 
a r e grouped i n t o FINE PLANES to d e l i m i t t h e s e i n v e n t o r y b l o c k s i n the 
z - d i r e c t i o n . These f i n e p l a n e s must be v d i o l l y c o n t a i n e d w i t h i n the g r o s s 
p l a n e s . The a x i a l p o i n t s w h i c h a r e to be FINE PLANE BOUNDARIES may be t a k e n to 
be t h e the same a s the g r o s s p l a n e b o u n d a r i e s , o r t h e y may be s p e c i f i e d b y the 
u s e r . Note t h a t g r o s s p l a n e b o u n d a r i e s must a l w a y s a l s o be f i n e p l a n e 
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b o u n d a r i e s . Each f i n e p l a n e h a s the same s e t o f t r a n s v e r s e p l a n a r f l u e b l o c k s , 
s o the t o t a l number o f f i n e b l o c k s i n a t h r e e - d i m e n s i o n a l p r o b l e m I s the p r o d u c t 
o f the number o f p l a n a r f i n e b l o c k s and the number o f f i n e p l a n e s . 

Note t h a t i n a f i n e b l o c k e d p r o b l e m e v e r y mesh e l e m e n t w h i c h i s f i n e 
b l o c k e d w i l l be c o n t a i n e d i n e x a c t l y one f i n e b l o c k . E a c h f i n e b l o c k i s a l w a y s 
w h o l l y c o n t a i n e d i n a g r o s s b l o c k . 
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3 . 9 . GEOMETRY DESCRIPTION: COMPOSITIONS - CONFIGURATIONS 

The m a t e r i a l p r o p e r t i e s o f the r e g i o n o f s o l u t i o n a r e d e s c r i b e d b y 
a t t a c h i n g a COMPOSITION number to e a c h mesh e l e m e n t i n the s o l u t i o n s p a c e . The 
c o m p o s i t i o n number i d e n t i f i e s a s p e c i f i c c o m b i n a t i o n o f c h a i n l i s t , t a b l e s e t , 
and s e t o f i n i t i a l n u c l i d e c o n c e n t r a t i o n s w h i c h i s to be u s e d i n a p a r t i c u l a r 
a r e a o f t h e mesh ( t h e s e a r e d i s c u s s e d i n d e t a i l i n C h a p t e r 4 ) . The p l a c e m e n t o f 
c o m p o s i t i o n s i s d e s c r i b e d b y a s s i g n i n g a c o m p o s i t i o n number e i t h e r to e a c h f i n a l 
f i g u r e or t o e a c h p l a n a r region. Thus e v e r y g r o s s b l o c k i s a s s i g n e d a s i n g l e 
c o m p o s i t i o n number, a s i s e v e r y f i n e b l o c k . B e c a u s e o f the method u s e d In 
c o n s t r u c t i n g t h e g e o m e t r y , c o m p o s i t i o n s a r e u s u a l l y more r e a d i l y a s s g r n e d to 
p l a n a r r e g i o n s . 

In a t h r e e - d i m e n s i o n a l p r o b l e m , t h e s e t o f c o m p o s i t i o n to p l a n a r r e g i o n ( o r 
f i n a l f i g u r e ) c o r r e s p o n d e n c e s may be v a r i e d i n d i f f e r e n t a x i a l p l a n e s . 
C o a ^ o o i t i o n c o r r e s p o n d e n c e s may be changed o n l y b y g r o s s p l a n e ; e a c h a x i a l 
p l a n e w i t h i n a g r o s s p l a n e must have the same s e t o f COIIQ>OS i t i o n 

A CONFIGURATION i d e n t i f i e s a p a r t i c u l a r s e t o f c o m p o s i t i o n to p l a n a r r e g i o n 
( o r f i n a l f i g u r e ) c o r r e s p o n d e n c e s . M u l t i p l e c o n f i g u r a t i o n s may be s p e c i f i e d 
o n l y i n o n e - d i m e n s i o n a l and t w o - d i m e n s i o n a l p r o b l e m s and a r e u s e f u l i n 
I d e n t i f y i n g d i f f e r e n t m a t e r i a l a r r a n g e m e n t s . For e x a m p l e , m u l t i p l e 
c o n f i g u r a t i o n s may be d e s c r i b e d >^eu c r e a t i n g a g e o m e t r y d e s c r i p t i o n w h i c h i s 
t h e n s t o r e d In an o u t p u t F i l e Manager g e o m e t r y f i l e . When t h i s F i l e l&nager 
g e o m e t r y f i l e I s i n p u t to a s u c c e e d i n g p r o b l e m , the m a t e r i a l arrangement may be 
changed b y a l t e r i n g t h e c o n f i g u r a t i o n u s e d . 

In o n e - d i m e n s i o n a l p r o b l e m s t h e m u l t i p l e s e t s o f c o m p o o s t i o n 
c o r r e s p o n d e n c e s have a n a d d i t i o n a l u t i l i t y . The o n e - d i m e n s i o n a l c o n t r o l s e a r c h 
o p t i o n may be u s e d to m a n i p u l a t e t h e s e c o n f i g u r a t i o n s to o b t a i n a d e s i r e d 

The m u l t i p l e c o n f I g u r a t i o n c o n c e p t may r e q u i r e a s l i g h t l y d i f f e r e n t 
i n t e r p r e t a t i o n o f how the c o n c e n t r a t i o n f i l e I s o r i g i n a l l y c o n s t r u c t e d and i n 
how c o n c e n t r a t i o n r e p l a c e m e n t i s p e r f o r m e d . C o n c e n t r a t i o n v a l u e s from c a r d 
i n p u t d e f i n e some or a l l o f the p r o b l e m c o n c e n t r a t i o n s i f and o n l y i f e i t h e r 
( a ) no F i l e I b n a g e r c o n c e n t r a t i o n f i l e was i n p u t , o r ( b ) c o n c e n t r a t i o n 
r e p l a c e m e n t i s i n d i c a t e d . The p l a c e m e n t o f c o n c e n t r a t i o n s f o r a p r o b l e m i s 
i n i t i a l l y d e t e r m i n e d b y t h e p l a c e m e n t o f c o i i q > o s i t i o n s , and t h e r e a f t e r t h e 
c o n c e n t r a t i o n s e x i s t a s a f i l e and a r e n o t r e a r r a n g e d r e g a r d l e s s o f i d i l c h 
g e o m e t r i c c o n f i g u r a t I o n I s chosen. I f a r e a r r a n g e m e n t i s d e s i r e d , e i t h e r no 
F i l e Manager c o n c e n t r a t i o n f i l e s h o u l d be i n p u t or c o n c e n t r a t i o n r e p l a c e m e n t 
must be d o n e . A l l o f t h i s i s t r u e f o r a n y p r o b l e m . For m u l t i p l e c o n f i g u r a t i o n 
g e o m e t r i e s , t h o u g h , t h e c o m p o s i t i o n p l a c e m e n t i s d e t e r m i n e d b y the c o n f i g u r a t i o n 
w h i c h i s c h o s e n a s t h e i n i t i a l c o n f i g u r a t i o n . Keep In mind t h a t the i n i t i a l 
c o n f i g u r a t i o n c a n be s p e c i f i e d i n t h r e e d i f f e r e n t w a y s : ( 1 ) one - d i m e n s i o n a l 
s e a r c h s p e c i f i c a t i o n s ; ( 2 ) c a r d 0 3 0 0 0 0 ( c o m p o s i t i o n c o r r e s p o n d e n c e u s a g e c a r d ) ; 
and , ( 3 ) s u b - c a s e c o n f i g u r a t i o n s p e c i f i c a t i o n . The c o n f i g u r a t i o n c h o s e n f o r 
c o n c e n t r a t i o n p l a c e m e n t i s t h a t s p e c i f i e d o n c a r d 0 3 0 0 0 0 . Note t h a t a c a r d 
i n p u t c o n c e n t r a t i o n f o r a p a r t i c u l a r n u c l i d e c o u l d be s p e c i f i e d f o r a g i v e n 
c o m p o s i t i o n w h i c h d o e s n o t e x i s t i n the i n i t i a l c o n f i g u r a t i o n , but t h i s v a l u e o f 
the c o n c e n t r a t i o n w i l l n o t be p a r t o f the p r o b l e m c o n c e n t r a t i o n s and w i l l n o t be 
p r e s e n t e v e n when t h e s e a r c h c h o o s e s a c o n f i g u r a t i o n c o n t a i n i n g t h a t 

llTlVJlTn be ^ t L d ^ S f i;e": i fXt 1l rco^ei?r^?1ir^TSe^Tl^c^S^iittl^ns'Tf 
th^ i n i t i a l c o n f i g u r a t i o n and obTa?S t h e d e r i r e d e f f e c t ^ h ^ o u g h n o n z e r o t a b l e s e t 
41a18 o n l jT i n t DC CO IT r e c t coD^^oo ji I i o n s . 
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4.1. HARMONY: INTRODUCTION 
This chapter d e s c r i b e s a system c a l l e d HARMONY which handles the c r o s s 

s e c t i o n and d e p l e t i o n p o r t i o n s of the d i f f u s i o n - d e p l e t i o n c a l c u l a t i o n . The 
primary emphasis in the d e s i g n of t h i s system i s f l e x i b i l i t y f This f l e x i b i l i t y 

^ n e a t l e m p t s ^ r r ^ d e * * Jo**use *amde J S J i^^rogJam' '?^ J ^ . c 1 J i s " o ? l " l a c t o ? s * ' ' } o r 
which the program i s not s p e c i f i c a l l y des igned. This d e p l e t i o n system a l lows 

It has been recognized in the d e s i g n of t h i s d e p l e t i o n system that for 
complex problems the amount of data that may be required could become l a r g e . 
>aille the f l e x i b i l i t y of the system i s a major advantage to the user , l i t t l e i s 
gained i f the amount of data that must be handled i s so large that the 
proJ>ai> I i i t y of e n t e r l u ^ i t into tiie prog^ram c o r r e c t l y i s s inal l . An autoxnsted. 
scheme for generat ing the c r o s s s e c t i o n t a b l e s has been cons idered a v i t a l 
adjunct to the d e p l e t i o n system. The assumption that such a scheme w i l l be used 
has played an important r o l e in d e s i g n i n g the input of the c r o s s s e c t i o n t a b l e s . 
The d e p l e t i o n system, of c o u r s e , may be used without automated c r o s s s e c t i o n 
g r n e r a t l o n . The input d e s c r i p t i o n furnished in t h i s report a l lows a l l c r o s s 
s e c t i o n data to be entered on c a r d s . In a d d i t i o n , al lowance i s made for a l l 
c r o s s s e c t i o n data to be entered v i a a F i l e Manager input f i l e . Further 

i s provided. 

Various types of i s o t o p i c e d i t i n g are a v a i l a b l e from the HARMONY system. 
Concentrat ions may be e d i t e d as Individual b lock va lues or as volume averaged 
d e n s i t i e s or a s in tegrated load ings . A subset of the p o s s i b l e I so top ic r e a c t i o n 
r a t e data may be o p t i o n a l l y e d i t e d . In p a r t i c u l a r , in tegrated power, f i s s i o n , 

:sl:J"o:^*;'*%n:rg"'*gro:jrf:rarM:;:5y%SioriJ'the''cire?neF?^ 

A 'dual* type of d e p l e t i o n in which a l l nuc l ide s are deple ted over larger 
b locks and a subset of the n u c l i d e s i s deple ted over smal ler b l o c k s , provides 
d e t a i l e d power and h i s t o r y information e f f i c i e n t l y . The method assumes that 
adequate f l u x shapes and r e a c t i v i t i e s throughout d e p l e t i o n l i f e i i m e s can be 
obtained us ing large - b lock d e p l e t i o n but that small - b lock d e p l e t i o n i s 
n e c e s s a r y to o b t a i n adequate l oca l power and h i s t o r y information. 

To implement t h i s dual d e p l e t i o n method, the program a l lows the user to 
descr ibe two d i f f e r e n t s e t s of b l o c k s , gross b locks and f ine b l o c k s . Each gross 
b lock d e f i n e s the c o l l e c t i o n of mesh e lements over which mater ia l inventor i e s 
are assumed uniform at each d i s c r e t e t i m e - i n - l i f e . These Inventor ies de f ine 
macroscopic c r o s s s e c t i o n s which determine the s o l u t i o n to the s p a t i a l 
c a l c u l a t i o n s . The s o l u t i o n f l u x i s integrated over each gross block and in 
conjunc t ion w i t h the gross b lock i n v e n t o r i e s , macroscopic c r o s s s e c t i o n s , and 

Ti-'sitc^siigraii" niJi?"?;eJb*:L"!"::d*?ro:riioikTi!:{irf pa"" -"" -d 

to d3?tnritnrMJ^ks""Tn^:pJiTJ?lJ i^i^or^f^thriit^JlrmlsV^-A? .VAZVri 
ffoy'i;,n:i>'^sii:it''irnucuiisyZhrch:re^^^^^^ 
The microscopic c r o s s s e c t i o n s from the gross b lock are used for each f ine b lock 
w i t h i n a gross b lock together w i th the s o l u t i o n f lux integrated over each f ine 
b lock to de f ine the power and d e p l e t i o n behavior of a s p e c i f i e d subse t of the 

As a r e s u l t of t h i s method of d e p l e t i o n , r e s u l t s can be obtained which are 
as d e t a i l e d as those obta inable from a 'point" d e p l e t i o n problem, a l though the 
3 : ? U t l o S SroMem ^dt^ot^'at^ltto ^ l^?tspe!ro} l** i? inI^dep?et ton '*Jroble i !** ' ' ' 
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4.2. HARMONY: TERMINOLOGY 
This section defines some 

the HARMONY descriptions. 
Nuclide ID: 

of the more important names of quantities used in 

1. 
a. NUMERIC NUCLIDE ID - any integer not exceeding 65535 in absolute value 

assigned by the user as an identification of a nuclide. If negative, the 
nuclide is depleted over both grross and fine blocks. This ID is used in 
most input descriptions. 

b. ALPHANUMERIC NUCLIDE ID - any one-to-ten characters assigned to a nuclide 
by the user. This ID is used as a label in the printed output from a 
p^-oblem. 

2. Chains: 
a. NUCLIDE CHAIN - a group of nuclides 

capture and decay processes. 
coupled to one another through neutron 

b. LINEAR CTHAIN - part of a nuclide chain in which each nuclide is fed by a 
single parent. A nuclide chain must be resolved into linear chains for 
solution of the depletion equations in HARMONY. 

c. CHAIN LIST - a list of linear chains containing all depletable nuclides to 
be treated together in a material composition. 

d. CHAIN LIST ASSIGNMENT - the assignment of chain lists to material 
compositions. This assignment determines which chains will be treated in 
various regions of the reactor. 

3. Time intervals: 
a. BASIC INTERVAL 

calculat ions. 
the depletion time interval between spatial flux 

b. RENORMALIZATION INTERVAL - the depletion time Interval between 
renormalizations of the thermal flux. The renormalization Interval is a 
subdivision of the basic time interval. 

c. SUBINTERVAL 
microscopic 
subinterval 

4. Tables: 

- the depletion time Interval between re-evaluation of the 
cross sections used in the depletion equations. The 

is a subdivision of the renormalization interval. 

a. MASTER MACRO TABLE - a table of macroscopic cross sections of fixed value 
containing entries for each type and each group. The table entries must 
contain the contribution to the macroscopic cross sections of all nuclides 
not described in the nuclide chains. 

b. MASTER MICRO TABLE - a table of microscopic cross sections of fixed 
for a single nuclide and a single grroup but Including all types. value 

INTERPOLATING TABLE - a method of representing the time dependence of any 
macroscopic cross.section (for a single group and type), microscopic cross 
section (for a single nuclide, group, and type), or self - shielding 
factor (for a set of nuclides and types, and a single group). As many as 
three nuclide concentrations may be used as the independent variables of 
the table. 

d. MASK TABLE - the array of Independent variables N(1) used in 
interpolating tables. One mask may be used for several function tables 

the 

e. FUNCTION TABLE - values of the dependent variable associated with each of 
the entries of the mask table. The description of a function table 
requires not only the entries but an identification of the mask with which 
it is associated. 

c. 
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f. TABLE SET - a c o l l e c t i o n o f a n y o f t h e t y p e o f t a b l e s d e f i n e d i n a , b , c , 
d , and e . The c o l l e c t i o n i s g i v e n a n i d e n t i f i c a t i o n s o t h a t i t c a n be 
a s s i g n e d t o m a t e r i a l c o m p o s i t i o n s o r m a n i p u l a t e d i n o t h e r w a y s . 

5 . C o m p o s s i i o n s : 

b . DEPLETABLE COMPOSITION - a m a t e r i a l c o m p o s i t i o n t h a t i s a s s i g n e d b o t h 
m a c r o s c o p i c a n d m i c r o s c o p i c t a b l e s ( c o n s t a n t a n d / o r i n t e r p o l a t i n g ) . 

c . NON-DEPLETABLE COMPOSITION - a m a t e r i a l c o m p o s i t i o n t h a t i s a s s i g n e d o n l y 

m a c r o s c o p i c c r o s s s e c t i o n d a t a In t h e f o r m o f m a s t e r macro t a b l e s . 

6 . D e p l e t a b l e : 

a . DEPLETABLE PROBLEM - a p r o b l e m w h i c h d e f i n e s n u c l i d e c o n c e n t r a t i o n s . 

b . DEPLETING PROBLEM - a d e p l e t a b l e p r o b l e m becomes a d e p l e t i n g p r o b l e m when 

(Jepletaile VnTi^XViTj differ ;nly(^;n ithar^^h^n. T ( S ' ="%fl) ' ' ' l j : 
cd:L^ei;::^tio^'=a!%ML%Jin"re^%tn%%uirto^"j(TriT!:'^'Int*'ill"":;i^^ 
r e s p e c t s d e p l e t a b l e p r o b l e m s a r e t h e same a s d e p l e t i o n p r o b l e m s . 

7 . R e p l a c e m e n t : 

a. COMPOSITION REPLACEMENT - a process which replaces the nonuniform nuclide 
concentration values (from some preceding calculation) in selected 
compositions by uniform (card input) values for all nuclides in the 
compos 11 ion. 

b. NUCLIDE REPLACEMENT - a process v4iich replaces the nonuniform nuclide 
concentration values (from some preceding calculation) in selected 
compositions by uniform (card input) values for selected nuclides in the 
compos it ion. 
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4.3. HARMONY: DEPLETION CHAINS 
The d e p l e t i o n equat ions to be s o l v e d by the program are s p e c i f i e d by the 

u s e r . This s p e c i f i c a t i o n i d e n t i f i e s (1) how each nuc1ide i s formed ( r a d i o a c t i v e 
decay or capture) from prev ious n u c l i d e s in the c h a i n , (2) whether or not the 
nuc l ide i s a d i r e c t product of the f i s s i o n p r o c e s s , and (3) how the nuc l ide i s 
destroyed ( r a d i o a c t i v e decay and/or a b s o r p t i o n ) . 

The s o l u t i o n s of the d e p l e t i o n equat ions are eva luated for the time 
i n t e r v a l between s p a t i a l c a l c u l a t i o n s . These s o l u t i o n s assume constant c r o s s 

br*irrakisi ThTtirJiT^ Itii^r^^rVti T^^divdr^ tirf^Vu^ViZ^iTirirs 
iri-criLt'^iet^dTiiL^ir^^^^^^^^ 
func t ion . 

In a s i m i l a r manner, the user may Input so c a l l e d ' f l u x enhancement 
f a c t o r s * to modify the f l u x in each of these smal ler s t e p s so that the time 
v a r i a t i o n of the f l u x i s a l s o represented as a s t e p f u n c t i o n in s p e c i f i e d 
reg ions of the c o r e . The neutron f l u x used In the s o l u t i o n of the d e p l e t i o n 
equat ions i s normalized to a s p e c i f i e d power l e v e l at the beg inning of the bas i c 

li?:rvi?;e?Slimpned*^;oi:rM^"a!:r *Sri::!s •Ir^iirion*"?!: "L'ei" l^Aet'To 
approximate more c l o s e l y cons tant power o p e r a t i o n for thermal r e a c t o r s by use of 
thermal f l u x renormal i za t ion ( s e e S e c t i o n 4 . 7 ) . . 
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4.4. HARMONY: GROSS SECTION REPRESENTATION 
Any of the cross sections or shielding factors used in the spatial or 

depletion calculation may be represented as time dependent. This time 
dependence is attained by representing the cross section as a function of as 
many as three nuclide concentrations. 

The dependence of the cross sections and shielding factors on nuclide 
concentrations is attained through the nae of interpolating tables. Use Is made 
ot one, two, or three dimensional tables to represent the dependence of the 
cross section on one, two, or three nuclide concentrations. Restrictions are 
placed on the form of the tables in order to balance an accurate representation 
of the cross section variation with available computer storage. 

It is assumed that the user will give some thought to the question of time 
dependence of cross sections before preparing the input. While considerable 
flexibility has been made available with the tabular representation of cross 
sections, its use is not free. The use of interpolation is more expensive than 
just selecting a constant cross section. The method used to assign cross 
section data has been constructed with an eye towards minimizing storage 
requirements and machine time. 

The generality of the Interpolating tables has other applications in 
addition to the representation of the time dependence of microscopic cross 
sections and self-shielding factors. For instance, macroscopic cross sections 
could be tabulated versus metal - to - water ratio through hydrogen density. 
Treating hydrogen as a depletable isotope (with dN/dt=0) allows the tables to be 
interpolated for any hydrogen concentration specified. Survey calculations as a 
function of metal - to - water ratio could then be performed expeditiously. 
With a little thought, similar applications of particular interest to the user 
wl11 become apparent. 

Macroscopic cross sections used In the spatial calculation are constructed 
as the sum of two parts as shown in equation 4.4.1. The first part is the 
contribution to the macroscopic cross section which is due to all nuclides not 
described In the nuclide chains. Thus In a non - depletable problem this 
portion Is the entire cross section. This first portion Is one element from a 
MASTER MACRO TABLE (required in every composition) for a particular type of 
cross section and a given group. The second portion consists of the sum over 
all nuclides of the product of (1) nuclide concentration, (2) the appropriate 
type (fission, absorption,...) of microscopic cross section from a MASTER MIOlO 
TABLE, and (3) a self shielding factor resulting from the evaluation of an 
INICRPOLATING TABLE. Both the master macro table and master micro table may be 
composition dependent and, in addition, the user may specify any of the 
macroscopic, microscopic, and self shielding quantities to have a functional 
dependence on up to three nuclide concentrations; i.e. , these quantities may 
vary spatially from block to block as they are Interpolated from nonuniform 
concentra t ions. 

The microscopic cross sections used In the computation of macroscopic data 
are only those associated with nuclides assigned via chain lists to the 
particular composition. The contribution of the non - depletable nuclides in 
that compositon must be included In the first term (macro table or macro 
Interpolating,table). 

The cross section data Is Input in one of three basic table forms: 
(1) fixed values (not time dependent) of the macroscopic cross sections; 
(2) fixed values of the microscopic cross sections; and (3) interpolating 
tables for macro, micro, or self shielding factors. In the interpolating table, 
a quantity may be represented as dependent on the local concentration of as many 
as three of the nuclides. The shielding factors are assumed to be unity unless 
they are otherwise specified in the Interpolating tables. Microscopic cross 
sections are zero unless specified. 

The table in which the fixed values of the macroscopic cross sections are 
specified (the MASTER MACRO TABLE) must be complete in that values are to be 
specified for all types t and all groups g. Such a table coiiq>>etely specifies 
the few - group cross sections for a non - depletable composition. The program 
assigned a master macro table. 
requires that each composition, depletable as well as non - depletable, be 
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The second type of table, called the MASTER MICRO TABLE, is used to specify 
time independent microscopic cross sections for the depletable nuclides. One 
such table specifies all types (transport, absori>tion, removal, fission, nu, 
kappa) for gr̂ 'Ô p g of nuclide i. The reason for identifying the master micro 
tables separately for each group is that in oiie group the microscopic cross 
sections for nuclide 1 may differ from one composition to another vdiile for 
another grroup the same master micro table may be used in several compositions. 

The third type of table, called an INTERPOLATING TABLE, allows the 
macroscopic sub - portion, microscopic portion, or the self shielding factor to 
be time dependent. When interpolating tables are assigned to a composition, the 
time dependent cross section is used in place of the fixed value of the cross 
section that may also be present. 

The primary assignment of cross section tables by composition Is performed 
by TABLE SET. A table set is a collection of the three types of tables 
described above and may (but not necessarily) contain one master macro table, 
several master micro tables, and several interpolating tables. The use of the 
table set allows a simple identification of a collection of tables which are 
usually found together. 

A straightforward input of cross section tables would be the construction 
of a unique table set for each composition. Each table set would contain a 
master macro table and master micro table for each group for each depletable 
nuclide. If some of the cross sections were desired to be time dependent, 
additional interpolating tables would also be assigned to the table set. 

The more complicated problems will generally require a large number of 
tables. However, the program is limited in the total number of data items which 
can be retained. In order to run large, complex problems which would otherwise 
exceed the storage capacity there must be some procedure for reducing the total 
number of tables used. This is done by allowing a table to be used in more than 
one composition. For example, the user may decide that master micro tables from 
several table sets are essentially the same and after choosing one of these may 
discard the others; or, if tables are generated by an automated process, 
specific tables may be in error and need to be replaced by corrected tables. 
The TABLE SET OVERLAY input is designed to do this sort of manipulation. Table 
set overlay is thus a secondary method of assigning cross sections to 
compositions. This is sometimes called "borrowing*. 

The interpolating tables allow any macroscopic, microscopic, or self 
shielding factor to be represented as a function of up to three nuclide 
concentrations N(j). If desired, one or more of the three independent variables 
may be designated to be the fraction of N(j) remaining. The interpolating table 
is divided Into two parts, the values of the function (called the FUNCTION 
TABLE) and the corresponding values of the N(j)*s for which the function value 
is given. This set of N(j)'s is called the MASK TABLE. The division of the 
interpolating tables is done first of all in recognition of the fact that 
several function tables will be-used with a single mask table. This reflects 
the fact that, for a given set of N(j)'s, all the few group cross sections are 
available from the same spectrum calculations. The capability of relating one 
mask to several function tables results in economy of data storage. Second, the 
Interpolation strategy used in the program (see Section 4.5) takes advantage of 
several function tables being related to one mask to minimize the computing time 
for performing the interpolations. 

The structure of the two or three dimensional interpolating tables and the 
Interpolation strategy used reflect a physical characteristic of the depletion 
problem; i.e., that there Is a most likely combination of the two or three 
independent variables that will occur during the depletion. Particular values 
of these most likely combinations define the diagonal of the table. It is 
further anticipated that the number of off - diagonal locations used will be 
much less than the total number of locations available. Tlie ability to describe 
the dependence of the functions with tables that are not full is important in 
the storage of the cross section data. 

The Interpolation of the multl - dimensional tables assumes that one of the 
variables N(1) is primary and the other, N(2), is secondary. Thus, the 
secondary nuclide concentration has some dependence on N(l); i.e., N(2) -
f(N(l)). The interpolation proceeds by finding the function versus N(1) from 
the diagonal entries. In addition, N(2) (and N(3)) versus N(1) are determined. 
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If the nuclide concentrations of N(2) (and/or N(3)) of interest are not those 
occurring on the diagonal, a correction term is obtained from off - diagonal 
entries. The interpolation strategy is described in detail in Section 4.5. 



PDQ-8 BEFEBENGE MANUAL 
4. HARMONY 4.4 (8/78) Page 4 

4. GROSS SECTION BEFBESEHTATIOH 
BQVATIOir 4.4.1 

>f.l».l 

Where: 

,t,g 
■ecroacople cross section, tjpe t, group g> 
eleaent froa wtster aacro table or resiilt of 
Interpolating aacro table, type t, group gj 
conoentratloo of nucUde !> 
1.0 or interpoUtlng self-shielding factor, 
type t, group g, nuclide i^ 
eleaent froa aaster aicro table or result ot 
interpolating aicro table, type t, group g, 
nuclide i* 
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4.S. HARMONY: GROSS SECTION INTERPOLATION SCHEME 
The interpolation performed to obtain time dependent cross sections and 

shieldintr factors may have up to three "independent* variables X, Y, and Z. The 
variables are not truly Independent and the Interpolation scheme employed takes 
advantage of the fact tl^t the user has some knowledge of the functional 
relationship among the three. That Is, the function is defined in tabular form 
with entries defined for combinations of the independent variables most likely 
to occur (these form the "diagonal* entries of the table) and other entries 
defined for combinations of the independent variables less likely to occur 
(these form the *off - diagonal" entries in the table). In general the tables 
are not fall; i.e., if there are N points on the diagonal, there are usually 
not NxN (if X,Y) or NxNxN (if X.Y.Z) entries in the table because (1) this 
violates the assumption that there is some definite functional dependence of Y 
and Z on X and (2) the storage requirements would be prohibitive. 

The function values (wh.ich form a "function table*) are separated from the 
corresponding independent variable values (which form a "mask"). This Is done 
because the nature of the generation of the table values implies that many 
function tables will have the same mask. The program generates a formula (vdiich 
Involves only mask values and the particular values of the independent variables 
X9t Y0, and ZO for which the function Is to be determined) and simply evaluates 
that formula for as many functions as apply to that mask, thus reducing 
coniputing time considerably. Note that this technique of evaluation liiq>lie8 
that all interpolations iidiich use the same mask sl»>uld be of the same order 
(this is not checked in the input)i the independent variable values should also 
have the same value for a mask regardless of where it is used but this could be 
violated if fractional nuclide concentration values are used as the independent 
variable because the N(0) concentration values are carried in the mask and may 
vary in value from material to material (this, also, is not checked in the 
input). 

The value of the function F at the point (X».Ye,ZO) is obtained as the 
result of evaluating the following expression: 

F ( x e . Y 0 , z e ) = F(XB,Y(X«).Z(X0)) + EY© - Y(XO)] Y'(X0) 
+ [Z0 - Z(X0)] Z'(X0) 

where Y'(X0) and Z'(X0> are the p a r t i a l d e r i v a t i v e s of F wi th respec t to Y and Z 

s:nbmiT'i.rpJe^rsJ''!r JnraS>or'̂ fs?L*î ? îaf ?aM:reon Y "'"**r Z ""̂  
interJ^at;r:i^?tieaJe^I'?;:jo1ation L 1: tIVHT^LeIL 7i'i'lil ^o'n'^. (^ 

term JTl̂ Tir̂ nzJlSn Isn ^l^^lX^l^^ll^^^lflli^: iSt d'.'V. 
is obta ined by (Lagrange) i n t e r p o l a t i o n of order K on o n l y the diagonal v a l u e s . 
To o b t a i n the mask va lues used in t h i s I n t e r p o l a t i o n , the program attempts to 
"bracket* X0 u s i n g from the diagonal ( K + l ) / 2 va lues l e s s than X0 and ( K + l ) / 2 
va lues g r e a t e r than X0 i f K i s odd. If K Is even, K/2+l va lues l e s s than X0 and 
K/2 va lues grea ter than X0 are used from the d iagonal . If t h i s bracket ing i s 
not p o s s i b l e but some diagonal va lues s t i l l bracket X0, then the correc t number 
of v a l u e s Is s t i l l used. If there are not enough e n t r i e s to do i n t e r p o l a t i o n of 
order K, the order i s reduced ( t o the maximum s i z e ) a u t o m a t i c a l l y . If no values 

F?X»;??X0?!SfSS?; ui lSil io J ? ;go i i r ^ske^ i r la t*?L apjrop^^te "̂ d̂* iV^'tLl 
Ji^??T:i- viLr^LJ^^dl^^i 7AL V^of ST. ^^^^^ I^TTy e^St, ' i^li? 
and Z(X0> are obta ined . 

To o b t a i n Y'(X0) (and s i m i l a r l y Z'(X0)) the program uses the s lope FROM the 
diagonal value TO the "proper" o f f -d iagona l value to obta in Y' a t some value of 
X; i . e . F i s assumed l i n e a r in Y and Z o f f the diagonal . Then for another 
value of X the same procedure i s fo l lowed . These two s l o p e s are then l i n e a r l y 
Interpo la ted ( or ex trapo la ted ) to o b t a i n Y'(X8) . The two va lues of X (XI and 
X2> at which these s l o p e s are obtained are those for which (1 ) o f f - diagonal 
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A "proper" off - diagonal entry is defined as follows. Let the off -
diagonal entry in position (i,J,j) of the mask be represented by 
[X( i) , Y( j) ,,Z () 3 3 , orresponding gt o a iagonal l n t r y y X ( i ) , Y ( i ) , Z ( , Z ] 1 3 . ; . , the 
value of X must be the same in both entries. Then the entry is "proper* when 
computing Y'CX(i)] if Z(j) = Z(i) and Y(j) does not equal Y( 1). If another off 
- diagonal entry exists at CX( 1) , ,( k) k), Z) ] , the one chosen for use in the s l o p e 
evaluation at X(1) is that for which Y is closest to Y0. Similarly, when 
computing Z'[X(i)l, the off - diagonal entry is "proper" if Y(j) = Y(i) and Z(j) 
does not equal Z( 1) h Also, if another off - diagonal entry exists jat 
CXCi) ,Y( ii ,Z (k) ] , the one ehoson fof rsu en tht e l s p e evavuauatn nt t( X( i s thth 
for which Z is closest to Z0. 

The assumptions about the behavior of F(X,Y,Z) are such that the following 
type of function would yield correct interpolated values. 
(1) F is a polynomial of degree not greater than K in X. 
(2) Near the "expected values* of X,Y,Z (i.e., on the diagonal) Y and 

polynomials of degree no greater than K in X. 
Z 

and Z (3) Iftien F Is not near the diagonal then F is linear in Y and z. and the 
Z) In turn are polynomials of degree not greater than t variables (Y and 

in X. 
and these 

wo 

Either the function or its inverse may be obtained in this manner. If the 
inverse is requested, the table values that are input represent the function 
values, not the inverse. The program then inverts the function table values 
during input processing (and thus the user is cautioned that there must be no 
zero function table values present) and the interpolation proceeds as before 
except that the final result is then inverted. 

are 
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4 . 6 . HARMONY: NUCLIDE IDENTIFICATION 

In g e n e r a l , t h e s p e c i f i c a t i o n o f the d e p l e t i o n p o r t i o n o f the p r o b l e m 
c o n s i s t s o f ( 1 ) the name o f e a c h n u c l i d e g i v e n b y numeric and a l p h a n u m e r i c 
i d e n t i f i c a t i o n s ( I D ' s ) , ( 2 ) t h e d e s c r i p t i o n o f t h e e q u a t i o n s r e p r e s e n t i n g the 
t ime b e h a v i o r o f e a c h n u c l i d e , ( 3 ) the i d e n t i f i c a t i o n o f s e t s o f n u c l i d e s w h i c h 
may a p p e a r t o g e t h e r i n a c o m p o s i t i o n and the e q u a t i o n ( s ) r e p r e s e n t i n g the t ime 
b e h a v i o r o f e a c h n u c l i d e In t h a t c o m p o s i t i o n , and ( 4 ) the I n i t i a l c o n c e n t r a t i o n s 
o f t h e s e n u c l i d e s . Due to the s t r u c t u r e o f the program o n l y t h o s e n u c l i d e s 
v a r y i n g w i t h t ime need be r e p r e s e n t e d . C o n v e r s e l y , e a c h t ime d e p e n d e n t n u c l i d e 
must have a n e q u a t i o n d e f i n i n g i t s t ime b e h a v i o r . 

For the most p a r t , a numer ic ID i s u s e d f o r n u c l i d e i d e n t i f i c a t i o n In the 
Input and a n a l p h a n u m e r i c ID i s u s e d a s a l a b e l i n the o u t p u t . The numeric ID 
may be a n y i n t e g e r n o t e x c e e d i n g 6 5 5 3 5 i n a b s o l u t e v a l u e . I f the ID i s 
n e g a t i v e , t h a t n u c l i d e w i l l be d e p l e t e d o v e r b o t h g r o s s b l o c k s and f i n e b l o c k s . 
O b v i o u s l y , the l i s t o f n u c l i d e I D ' s must c o n t a i n u n i q u e numbers . The 
a l p h a n u m e r i c ID may c o n s i s t o f a n y one to t e n c h a r a c t e r s w h i c h c a n be i n p u t . 
Embedded b l a n k s a r e a l l o w e d and must be I n c l u d e d In the c h a r a c t e r c o u n t . 

The l i s t o f n u c l i d e I D ' s s h o u l d n o t be changed t h r o u g h o u t a d e p l e t i o n 
c a l c u l a t i o n . A c t u a l l y o n l y the t o t a l number o f g r o s s and f i n e b l o c k n u c l i d e 
ID ' s must e a c h r e m a i n f i x e d , b u t i t s e e m s t h a t r e p l a c i n g one n u c l i d e by a n o t h e r 
i n t h e m i d d l e o f a c a l c u l a t i o n c o u l d have s e r i o u s s i d e e f f e c t s and the p r a c t i c e 
s h o u l d be d i s c o u r a g e d . S i n c e a v a l u e f o r the c o n c e n t r a t i o n o f e a c h n u c l i d e i n 
the l i s t i s c a r r i e d f o r e a c h b l o c k , t h e l i s t s h o u l d n o t c o n t a i n r e d u n d a n t 
e n t r i e s . For v e r y l a r g e t h r e e d i m e n s i o n a l p r o b l e m s t h e l i s t s h o u l d be k e p t a s 
s h o r t a s p o s s i b l e b e c a u s e o f o v e r a l l s t o r a g e l i m i t a t i o n s and F i l e Manager f i l e 
s i z e s ; t h i s c a n s o m e t i m e s be a c c o m p l i s h e d b y u s i n g a s i n g l e n u c l i d e ID t o mean 
d i f f e r e n t p h y s i c a l n u c l i d e s i n d i f f e r e n t m a t e r i a l s In the p r o b l e m . Extreme 
c a u t i o n s h o u l d be e x e r c i s e d i n t h i s c a s e s i n c e d i f f e r e n t c h a i n d e f i n i t i o n s must 

?Ls^" r̂oil; L"̂  don: Toy'iuin.iriiTcL rif''zt''\'^iarVoi:\^r\riiy 
composi t ion. 

An o p t i o n a l s e t of Input may be included with the nuc l ide i d e n t t f i c a t i o n 
data which s p e c i f i e s the atomic weight for each n u c l i d e . This data i s used o n l y 
for e d i t i n g nuc l ide loadings in ki lograms. 
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4.7. HARMONY: NUCLIDE CHAIN DESCRIPTIONS 
A nuclide can be transformed by several modes of radioactive decay or by 

neutron absorption; likewise, it can be created when parent nuclei undergo such 
processes or by direct fission yield. Thus, the concentration of a particular 
nuclide may depend on more than one Immediate parent as well as Its own 
radioactive decay, neutron absorption rate and yield from fission. A complete 
schematic of all coupling mechanisms between the precursors which feed and 
transform each nuclide may appear to be quite complicated. 

The algorithm used in this program to solve the associated differential 
equations requires couplings in which nuclei are fed by a single parent (LINEAR 
COUPLING). However, provided that a nuclide concentration is Independent of the 
concentration of any of its progeny, it is always possible to resolve more 
complicated couplings into linearly coupled chains of nuclides because of the 
linearity of the equations. 

A simple example of a chain of nuclides which can be resolved into two 
linear chains will serve to Illustrate this process of linearization. Let 
1 - decay and c = capture in the following five-nuclide chain. 

tl] .C2I 

d! 

t3]. . . .[41 £81 
c c 

This chain linearizes Into 

Cll 
0 0 

.[21 

d! 

[310 .[41 ,[51 

»nd 

-1 
[11. .[21 

-1 
11 

. +1 +1 
[41 (81 

c 

In this example, two linear chains are required. In the first linear 
chain, the solutions for the first three nuclides give the total concentrations 
>dklle the values for nuclides 4 and 5 are only partial concentrations. The 
zeros near each of the nuclides of the first linear chain indicate that these 
jtnclides are appearing for the first time in a linear chain. In the second 
linear chain, the solution for nuclides 1 and 2 duplicate those of the first 
linear chain (this Is Indicated by the -1) idiile the concentrations of nuclides 

and 8 amst be added to the previous values to obtain final concentrations i 

c 

c 
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( t h i s i s i n d i c a t e d b y t h e + 1 ) . 

The c o n c e n t r a t i o n o f t h e 1 - t h n u c l i d e i n a l i n e a r c h a i n I s d e t e r m i n e d b y 
t h e e q u a t i o n 

d N / d t = Y ( i ) + B ( l - 1 ) N ( 1 - 1 ) - A ( l ) N ( l ) 

Mthert) Y d ) is the average fission yield rate for nuclide i, B( 1-1) Is the 
coupling to the previous nuclide in the chain (decay, capture, or decay plus 
capture), and A(1) is the loss for this nuclide (decay, absorption, or decay 
plus absorption). For a detailed definition of these terms, see Equation 4.7.1. 

In the first equation of a chain (parent nuclide), the B(l-l)N(i-l) term is 
missing; in all other equations the B(1-1) term must be nonzero. The term A(i) 
must be nonzero In all equations (a special case is the use of an equation of 
the form dN/dt - Y or dN/dt = 0, see below). Chains in \Aiich. the yield term is 
missing are called DEPLETION CHAINS; all others are called FISSION PRODUCT 
CHAllî S. 

An equation of the form 
dN/dt = Y 

i s a v a i l a b l e fo r s p e c i a l p u r p o s e s . I t must be a one - n u c l i d e c h a i n and can be 
used to r e p r e s e n t lumped f i s s i o n p r o d u c t s . If t h i s c h a i n Is c a l l e d a d e p l e t i o n 
c h a i n , the e q u a t i o n t a k e s the form 

dN/dt = 0 

and can be used as a dummy chain to represent a non - depleting nuclide. 
The solution of the set of equations in a chain from time t(0) to time t( 1) 

is described In Section 4.8. For reasons noted there It is recommended that a 
nonzero decay constant be ass Igrned to each nuclide and that the decay values for 
nuclides in one chain all be different. Dummy values corresponding to 
approxlnmtely a "ten thousand year half life can usually be assigned with 
differences between values corresponding to a difference of a one hundred year 
half life. 

Assumptions in addition to the linear coupling have been used to derive 
Equation 4.7.1 from the general depletion equation; namely, Y( 1) is the AVERAGE 
fission yield rate instead of Y( t), and B(l-l) as well as A(i) are evaluated at 
time t=t(0) and held constant. The time dependence of B(i-l) and ACl) results 
from the possible dependence of microscopic cross sections and shielding factors 
on the coneentrations of arbitrary nuclides. 

Three time - intervals are involved in the depletion calculations. The 
largest time interval called BASIC INTERVAL is that between spatial 
calculations; I.e., within this time interval, say from T(0) to T( 1) , each of 
the group fluxes is assumed not to vary in shape. The user can effect a flux 
shape change by supplying non - unity flux enhancement factors. 

The second time interval Is called a RENORMALIZATION INTERVAL and is a 
subdivision of the basic interval. The renormallzation Interval is used to keep 
the depletion calculation close to constant power by a renormallzation of the 
thermal flux LEVEL. The flux used in the depletion equations is normalized to a 
specified power level according to Equation 4.7.2. 

At time t = T(0) a value of BETA, the flux normalization factor, is 
determined from Equation 4.7.2 and is used as a multiplicative factor for all 
groups of flux, both fast and thermal. At the end of each renormallzation 
interval (except the last one), the fission cross sections are recomputed for 
all groups; BETA for the fast groups remains constant, and a new value of BETA 
for the thermal group(s) is computed for use in the next Interval. The 
normalized flux, then, is the appropriate BETA factor times the flux from the 
spatial calculation and BETA for the thermal groups(s) is changed at the end of 
each renormallzation interval. For example, in a highly enriched uranium core 
the value of BETA for the thermal group(s) will increase from one 
renormallzation interval to the next to account for the decrease in the 
macroscopic fission cross section. 

file:///Aiich
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The renormal l za t ion i n t e r v a l s are of equal l eng th DELTA T - ( T ( 1 ) - T ( 0 ) ) / n . 
The Integer n i s determined such that DELTA T does not exceed an input v a l u e , 
DELTMX. In the e v a l u a t i o n of the macroscopic flsarlon c r o s s s e c t i o n used In the 
c a l c u l a t i o n of the tberual f l u x r e n o r m a l l z a t i o n , the assumption i s made that 
there Is no c o n t r i b u t i o n from the master macro table or i n t e r p o l a t i n g macro 
t a b l e s towards the f i s s i o n c r o s s s e c t i o n . If such a c o n t r i b u t i o n Is p r e s e n t , i t 
Is, ignored. 

The renormal l za t ion Interva l DELTA T may be further d iv ided into 
SUBINTERVALS of equal l ength . This th ird time Interva l a l lows the c r o s s 
s e c t i o n s and s h i e l d i n g f a c t o r s to vary in t ime. Equation 4 . 7 . 1 i s then s o l v e d 
for each s u b i n t e r v a l . S ince the c r o s s s e c t i o n s and s h i e l d i n g f a c t o r s are 
evaluated at the beg inning of each s u b i n t e r v a l and remain constant for the 
sub in terva l they are s t e p f u n c t i o n s . Another po int to note i s the e v a l u a t i o n of 
the f i s s i o n c r o s s s e c t i o n s and s h i e l d i n g f a c t o r s used in ob ta in ing Y d ) . S ince 
the cross s e c t i o n s and s h i e l d i n g f a c t o r s used for t h i s e v a l u a t i o n may be 
funct ions of nuc l ide c o n c e n t r a t i o n s , the value of the f i s s i o n c r o s s s e c t i o n may 
change from equat ion to equat ion . This po int i s d i s cussed in S e c t i o n 4 . 9 as i s 
the method used for o b t a i n i n g the number of s u b l n t e r v a l s . 

In summary, the d e p l e t i o n equat ions are obta ined by e s t a b l i s h i n g l i n e a r 
chains of n u c l i d e s which may be f i s s o o n - product chains or d e p l e t i o n c h a i n s . 

In the s o l u t i o n of the e q u a t i o n s , renormal l za t ion i n t e r v a l s may be used to 
change the l e v e l of the thermal f l u x to account for a change in f i s s i o n ra te to 
keep the d e p l e t i o n c a l c u l a t i o n c l o s e r to a cons tant power l e v e l . Note that each 
renormal lzat ion s t e p Involves an i n t e g r a t i o n over the e n t i r e problem space; 
thus i t r equ ire s that the d e p l e t i o n equat ions be so lved over a l l space for one 
renormal lza t ion I n t e r v a l . To account for the time - dependence of c r o s s 
s e c t i o n s and s h i e l d i n g f a c t o r s , each renormal l za t ion Interva l may be d iv ided 
into s u b i n t e r v a l s . In t h i s c a s e , however, o n l y those equat ions for a s i n g l e 
b lock need be s o l v e d . Thus, the number of s u b i n t e r v a l s used should r e f l e c t the 
r a t e of change of the c r o s s s e c t i o n s and s h i e l d i n g f a c t o r s for the p a r t i c u l a r 
nuc l ide s In the cha in l i s t for the b lock. The number of s u b i n t e r v a l s may vary 
from block to b lock s i n c e It i s cha in l i s t dependent and thus compoostion 
dependent. 

At the end of every renormal l za t ion i n t e r v a l , the nuc l ide s to be deple ted 
over f ine b locks are e v a l u a t e d . This f ine b lock d e p l e t i o n i s done us ing the 
same s u b i n t e r v a l time s t e p p i n g as p r e v i o u s l y d e s c r i b e d . In f a c t , the d e p l e t i o n 
i s i d e n t i c a l to that for gross b locks wi th three e x c e p t i o n s : (1) the f ine b lock 
concentra t ions are used, (2) the f i n e b lock f l u x e s are used, and (3) the 
microscopic c r o s s s e c t i o n s and s h i e l d i n g f a c t o r s used in each s u b i n t e r v a l are 
those from the gross b lock c o n t a i n i n g the f ine b lock . The normal iza t ion f a c t o r s 
used are those used for the gross b lock d e p l e t i o n . Thus, the o n l y a d d i t i o n a l 
approximation appl ied to f ine b lock d e p l e t i o n compared to gross b lock d e p l e t i o n 
i s that microscopic c r o s s s e c t i o n s which are i n t e r p o l a t e d and s h i e l d i n g f a c t o r s 
use the average c o n c e n t r a t i o n In the gross b lock as the Independent v a r i a b l e for 
I n t e r p o l a t i o n for each f ine b lock in the gross b lock . 

Since the program uses the same user def ined chains for f ine block 
d e p l e t i o n as for gross b lock d e p l e t i o n , a l l daughter n u c l i d e s which are f ine 
b lock deple ted must have parent n u c l i d e s which are f ine b l o c k d e p l e t e d . 
However, f l u e b lock cha ins may be truncated so that n u c l i d e s l a t e r in the chain 
are ignored during f i n e b lock d e p l e t i o n . , 
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EQUATION 4.7.1 

dt ' ^1 * *iPi-l"i-l - <^1 * ̂ )"i 4.7.1 

vhere 

Ti » j; Y ^ (HF)ĵ , the average fission yield rate for nuclide i, 
k 
the sumnatlon k extends over all fissile nuclides; 

y^^, (yield fraction for nuclide l)/(fission of nuclide k); 

Fĵ (t) - IoJ '«( t )Gj[ '« ( t ) ( I>«( t^) , fission probability for nuclide k; 

t, - t , the subinterval for vhlch solution is obtained; 
1 o' 

^ ( t ), flux for energy group g nomiallsed to a specified power 
at t̂ ; 

of'*(t), ahielding factor for fission cross section, group g, 

nuclide k; 

X , decay constant; 

A^ , total absorption probability per nuclide 1 at t » t̂ , 

similar to F except that a* and Q* are used; 

**i.l ■ ̂ i-1' ^1-1' ""' ^h'l * ̂ i-l> ' depending on the coupling 
from precursor 1-1; 

^1-1 - ̂ .l<*o) - 'i-l^S)' «*^"'* P'0»>«»>ility Of nuclide 1-1 

a. 
at t « t^; 

o 
input quantity, usually unity. 
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EQUATION 4.7.2 

p = a fast 
fast R 
g 

p^dVJ ^ pth 
J_ 

th.„ p dV 
'R 

4.7.2 

where 
R « spatial region of solution 
P = specified total power (watta) developed in region R 

^ ^ 1 1 
flaalle nuclide Index 1 = 

g - group Index (th for thermal) 
W ^ un-nor«allzed flux 
K^ = anargy released per fission (watt-aec/fisslon) 

of nuclide 1 In group g. 
The normalised flux la 

and 

^fast ^ gfaat ^faat 
^th ^ gth ^th 
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4 . 8 . HARMONY: SOLUTION OF DEPLETION i^UATIONS 

The m e t h o d u s e d f o r t h e s o l u t i o n o f t h e d e p l e t i o n e q u a t i o n s was s e l e c t e d 
b e c a u s e o f I t s c o n t r o l o f r o u n d i n g e r r o r s u s i n g o n l y s i n g l e p r e c i s i o n 
c a l c u l a t i o n s . The s e t o f e q u a t i o n s t o b e s o l v e d I s g i v e n b y E q u a t i o n 4 . 8 . 1 . 
The f i s s i o n y i e l d r a t e (Y) a n d t h e c o e f f i c i e n t s i n E q u a t i o n 4 . 8 . 1 a r e c o n s t a n t 
i n s o f a r a s t h e s o l u t i o n o f 4 . 8 . 1 I s c o n c e r n e d . The q u a n t i t i e s I n v o l v e d In t h e s e 
c o e f f i c i e n t s a r e d e f i n e d I n d e t a i l i n S e c t i o n 4 . 7 ( s e e E q u a t i o n 4 . 7 . 1 ) . A l s o 
n o t e d i n S e c t i o n 4 . 7 a r e t h e d e s c r i p t i o n s o f b a s i c t i m e i n t e r v a l , 
r e n o r m a l l z a t i o n i n t e r v a l , and s u b i n t e r v a l . The i n t e r v a l o f s o l u t i o n o f E q u a t i o n 
4 . 8 . 1 I s t h e s u b i n t e r v a l . 

The s o l u t i o n f o r t h e n - t h n u c l i d e i n a c h a i n a t t i m e t ( l ) 
( t ( l ) - t ( 0 ) + SUBINTERVAL t i m e ) I s g i v e n b y E q u a t i o n 4 . 8 . 2 . The i n t e r p r e t a t i o n 
o f E q u a t i o n 4 . 8 . 2 i s t h a t , d u r i n g t h e s u b i n t e r v a l , n u c l i d e m ( w h e r e m i s l e s s 
t h a n . n ) f e e d s n i n d i r e c t l y b y f e e d i n g m-t-1 w h i c h f e e d s i n t o m+2, e t c . The o u t e r 
s u m m a t i o n t e r m s d e f i n e t h e s e c o n t r i b u t i o n s ; e a c h t e r m c a n b e f u r t h e r r e s o l v e d 
i n t o t h e c o n t r i b u t i o n f rom t h e y i e l d s o u r c e o f m [ b r a c k e t s ! , a n d t h e 
c o n t r i b u t i o n f r o m t h e a c c u m u l a t i o n o f m p r e s e n t a t t i m e t ( 0 ) ( p a r e n t h e s e s ) . 

F rom t h i s p h y s i c a l i n t e r p r e t a t i o n o f t h e t e r m s o f E q u a t i o n 4 . 8 . 2 i t i s 
c l e a r t h a t f o r a s m a l l s u b i n t e r v a l o r f o r l a r g e d i f f e r e n c e s o f n - m s u c h 
p a r t i a l c o n t r i b u t i o n s must t e n d t o z e r o . T h a t i s t e r m s i n t h e b r a c k e t s a n d 
p a r e n t h e s i s m u s t become s m a l l . Due t o t h e f i n i t e number of s i g n i f i c a n t d i g i t s 
c a r r i e d i n t h e c o m p u t a t i o n ( s a y N ) , i t i s a l s o c l e a r t h a t t h e s u m m a t i o n c a n n o t 
be c a l c u l a t e d c o r r e c t l y i f i t i s s m a l l e r t h a n N o r d e r s o f m a g n i t u d e l e s s t h a n 
t h e maximum o f t h e b r a c k e t e d t e r m s . T h u s , when t h e s u m m a t i o n c a n n o t b e 
c a l c u l a t e d c o r r e c t l y f o r some m = u a n d n - v , t h i s c o n t r i b u t i o n a n d 
c o n t r i b u t i o n s f r o m a l l n u c l i d e s f u r t h e r r emoved f rom n a r e I g n o r e d . T h a t I s , 
t h e o u t e r s u m m a t i o n f o r t h e b r a c k e t e d t e r m s i s c h a n g e d t o be f rom m - u-f1 t o n 
f o r n - V, v f 1 , . . . I . F o r t h e C D G - 6 6 0 0 / 7 6 0 0 c o m p u t e r s N s 12 i s u s e d . The 
a b o v e c r i t e r i o n i s a u t o m a t i c and no i n d i c a t i o n i s g i v e n In t h e o u t p u t when i t i s 
t r i g g e r e d . 

F o l l o w i n g t h e same l i n e o f r e a s o n i n g , s m a l l d i v i s o r s i n t h e t e r m s i n 
p a r e n t h e s e s c o u l d c a u s e t r o u b l e . I n t h i s c a s e t h e p r o g r a m e x a m i n e s I n e q u a a l t i e s 
4 . 8 . 3 and 4 . 8 . 4 , a g a i n w i t h N = 12 o n t h e CDC-6600 /7600 c o m p u t e r s . The 
I n e q u a l i t y 4 . 8 . 3 I s t e s t e d f o r e a c h 1 i n t h e c h a i n . I f i t f a l l s , t h e t e r m I s 
r e p l a c e d b y a v a l u e w h i c h wou ld s a t i s f y t h e I n e q u a l i t y a n d a comment i n t h e 
o u t p u t I n d i c a t e s t h a t t h e d e c a y c o n s t a n t o f t h e i - t h n u c l i d e i n t h e k - t h c h a i n 
h a s b e e n s o m o d i f i e d . The b l o c k l o c a t i o n a n d c o m p o s i t i o n number o f t h e 
o c c u r r e n c e a r e a l s o l i s t e d . The comment r e f e r s t o t h e k - t h c h a i n i n t h e c h a i n 
l i s t f o r t h a t c o m p o s i t i o n and t h e i - t h n u c l i d e named I n t h a t c h a i n . 

S i m i l a r l y , t h e s e c o n d c r i t e r i o n ( g i v e n b y I n e q u a l i t y 4 . 8 . 4 ) I s t h e n a p p l i e d 
t o e a c h 1 i n t h e c h a i n f o r e a c h J g r e a t e r t h a n 1. I f I t f a i l s , a comment 
i n d i c a t e s t h a t t h e d e c a y o f t h e j - t h n u c l i d e i n t h e k - t h c h a i n was m o d i f i e d t o 
make i t d i f f e r e n t f rom t h e i - t h n u c l i d e . A g a i n t h e b l o c k l o c a t i o n a n d 
c o m p o s i t i o n a r e i d e n t i f i e d a n d 1, J , a n d k a r e I n t e r p r e t e d a s a b o v e . Comments 
o f t h i s t y p e a r e made f o r t h e f i r s t s u c h t e n b l o c k s e n c o u n t e r e d d u r i n g e a c h 
r e n o r m a l l z a t i o n i n t e r v a l . The n e x t t i m e o n e of t h e t e s t s f a i l s , a comment 
I n d i c a t e s t h a t s o m e t h i n g h a p p e n e d i n t h i s b l o c k and t h a t s u c h m o d i f i c a t i o n s w i l l 
be made i n s u c c e e d i n g b l o c k s w i t h o u t f u r t h e r n o t i f i c a t i o n . 

Two s i t u a t i o n s d u r i n g d e p l e t i o n w i l l c a u s e t h e p r o g r a m t o p r i n t a 
d e s c r i p t i v e comment s i m i l a r t o t h o s e d e s c r i b e d a b o v e b u t t h e n Immediaaely 
t e r m i n a t e . I f t h e c o u p l i n g t o a p a r e n t n u c l i d e i s i d e n t i c a l l y z e r o , t h e p r o g r a m 
c a n n o t e v a l u a t e t h e d e p l e t i o n c h a i n and s o i t comments t o t h a t e f f e c t a n d 
t e r m i n a t e s . A l s o , s i n c e t h e n e g a t i v e o f d e c a y p l u s a b s o r p t i o n f o r a n u c l i d e 
e n t e r s i n t o t h e d e p l e t i o n e q u a t i o n s o l u t i o n s a s a n e x p o n e n t , t h e p r o g r a m c h e c k s 
t h e s i g n o f t h i s q u a n t i t y d u r i n g d e p l e t i o n . I f t h i s q u a n t i t y i s n e g a t i v e , a 
w a r n i n g s i m i l a r t o t h e a b o v e I s g i v e n ; i f t h i s q u a n t i t y i s * l a r g e * I n m a g n i t u d e 
and n e g a t i v e , a comment t o t h a t e f f e c t i s p r i n t e d and t h e p r o g r a m i m m e d i a a e l y 

I t I s r ecommended a s s t a n d a r d p r o c e d u r e t h a t n o n - z e r o d e c a y c o n s t a n t s b e 
a s s i g n e d e a c h n e a r s t a b l e n u c l i d e i n a d e p l e t i o n c h a i n . T h a t i s , i f I t wou ld 
n o r m a l l y b e n e a r l y z e r o , v a l u e s c o r r e s p o n d i n g t o a h a l f l i f e o f a b o u t t e n 
t h o u s a n d y e a r s s h o u l d b e u s e d . F u r t h e r , t h e v a l u e s a s s i g n e d t o n u c l i d e s i n t h e 
same c h a i n s h o u l d d i f f e r b y a p p r o x i m a t e l y a o n e h u n d r e d y e a r h a l f l i f e t o 
p r e v e n t f a i l u r e o f I n e q u a l i t y 4 . 8 . 4 . F o r c o n v e n i e n c e , t h e g e n e r a l f o r m u l a f o r 
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the d e c a y c o n s t a n t i n s e c o n d s f o r a h a l f l i f e T i n hours i s g i v e n by E q u a t i o n 
4 . 8 . 5 . That e q u a t i o n y i e l d s a v a l u e o f . 2 2 0 - 1 1 f o r a 10000 y e a r h a l f l i f e , 
. 2 1 8 - 1 1 f o r 10100 y e a r s , and . 2 0 0 - 1 1 f o r 11000 y e a r s . 

Vheu t h i s p r o c e d u r e o f s u p p l y i n g s u c h d e c a y c o n s t a n t s i s f o l l o w e d and the 
t ime I n t e r v a l and f l u x l e v e l a r e a p p r o p r i a t e f o r a g e n e r a l d e p l e t i o n p r o b l e m , 
t h e r e s h o u l d be v e r y few comments o f t h i s t y p e and the a c t i o n t a k e n b y the 
program s h o u l d be c o r r e c t . However , when s u c h a comment a p p e a r s i t s h o u l d n o t 
be I g n o r e d . 

If the power l e v e l i s i d e n t i c a l l y z e r o , s p e c i a l c h a i n e q u a t i o n s may be 
r e q u i r e d to s a t i s f y the r e q u i r e m e n t o f the d e p l e t i o n c h a i n s o l u t i o n t h a t the 
c o u p l i n g from p a r e n t to d a u g h t e r n u c l i d e be non - z e r o . That i s , f o r a l l 
n u c l i d e s i n d e p l e t i o n c h a i n s : ( a ) s p e c i f y a c h a i n o f the form d N / d t = 0 , 
( b ) m o d i f y the c h a i n l i s t s c o n t a i n i n g the o r i g i n a l c h a i n s to c o n t a i n t h e s e new 
c h a i n s , and ( c ) a s s i g n a non - z e r o d e c a y c o n s t a n t to e a c h f i s s i o n p r o d u c t 
n u c l i d e . Tlie t e m p t a t i o n w i l l be to c i r c u m v e n t t h i s p r o c e d u r e b y u s i n g an 
a r b i t r a r i l y s m a l l power l e v e l , but s u c h a p r o c e d u r e may n o t work. 
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EQUATIONS 4 . 8 . 1 - 4 . 8 . 8 
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4 .9 . HARMONY: CHAIN LISTS AND CHAIN LIST ASSIGNMENT 

Once the chain descriptions have been established there must be a mechanism 
for determining which nuclides wil l appear together in a composition. This is 
done In two steps by (1) giving several l i s t s of chains and then by 
(2) associat ing one of these chain l i s t s with each depleting composition. A 
special chain l i s t number of zero must be assigned to a l l non - depleting 

i chain l i s t is merely a l i s t of chain numbers of those chains idilch are to 

nucl!S::**W t^frt '^^r^per^HnlSlzal lon i^f^^^^^^m;!lctter'ch^tS^.d^^'i'^'nir of 
c^rnT^quiiiL oni:^:L ir? isJ*^:?e '^ntZt^VltJr''^ -"" c^^^ li^'' "*"^' 

number^^^-Sus*!'^ ac^lsnt ^^r^er^ls^^fet,nL^l^desoT^i^i^JniS f ^ L ^ S c^^oos t l i^ ! 
Any other mention of a nuclide in a composition, such as i n i t i a l concentration 
or microscopic cross sect ion table, is checked against the l i s t of nuclides 
assigned via the chain l i s t to that compoostion. 

Once the chain l i s t assignment has been made, each block of the problem is 
known to be either depleting or non - depleting. The second consequence of the 
chain l i s t is that i t defines the order in which the depletion equations are 
solved. This relates to the problem described previously (see Section 4.7) of 
calculating the f i ss ion yield in the f i s s ion product chains. The f i ss ion yield 
term includes the nuclide concentration of the f issionable isotopes at t = t ( 1 ) , 
the end of the subinterval. The dependence of the yield on t(1) occurs d irect ly 
through the concentration of the f i s s i l e nuclides at t ( 1 ) , N ( t ( l ) ) , and also 
through the dependence of the f i s s ion cross sect ion on possibly other nuclide 
concentrations at t d ) . If the f i s s ion cross sect ion is Independent of the 
nuclides occurring In the f i s s ion product chain and a l l the depletion chains 
containing the f i s s i l e nuclides occur in the chain l i s t BEFORE the f i s s ion 
product chains, b o t h N ( t ( l ) ) and the f i s s ion cross sections depending on the 
concentration of f i s s i l e nuclides at time t d ) are available to calculate the 
yield term. If these two quantities are not available (due to the user 
specified order of the depletion chains) , the values at t = t(0) (the beginning 
of the subinterval) are used. 

In most cases , the depletion chains should be l i s ted f i r s t in the chain 
l i s t , followed by the f i s s ion product chains. Regardless of the order of 
l i s t i n g , when a f i s s ion product chain Is encountered where the previous chain in 
the chain l i s t was a depletion chain (or if i t is the f i r s t chain of the l i s t ) , 
the program recalculates the microscopic f i s s ion cross sect ions for t » t d ) 
>Aenever possible and uses them to update the f i s s ion rate. When the previous 
chain was a f i s s ion product chain, the f i s s ion rate used in the previous chain 
is used over again. This i s the only effect induced by the ordering of the 
chains in the chain l i s t . 

The final consequence of the chain l i s t i t s e l f Is the determination of the 
number of subintervals In each block. Associated with each chain Is a DELTA T 
MAX, which is the maximum subinterval length to be used with that chain. The 
program finds the minimum of these maxima for a l l chains In a chain l i s t and 
uses i t to determine an EFFECTIVE DELTA TIME Interval for a l l depletion blocks 

?^r i^J lL«"l i? efScti^^ieltlilime I ^ L i ^ i I^esqS^rir Thls J:^:^^^?!JalT^; 
i^m e is;ri t i^ iJir^lV^ArtiTs \T^rn\tr^^\ T^''ti^^''iirc^T.i -iTAi'^'Viti 
interval or subinterval. 
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4. 10. HARMONY: CONCENTRATIONS - INITIAL/OTHER 

INITIAL CONCENTRATIONS 
The i n i t i a l n u c l i d e c o n c e n t r a t i o n s must be I n c l u d e d f o r e a c h d e p l e t a b l e 

c o i . 5 > o 8 i t l o n . They a r e r e q u i r e d to be c o n s i s t e n t w i t h the c h a i n l i s t p e r 
c o m p o s i t i o n In t h a t no c o n c e n t r a t i o n s may be g i v e n f o r non - d e p l e t i n g 
c o m p o s i t i o n s and v a l u e s may be g i v e n o n l y f o r p e r m i s s i b l e n u c l i d e s t h a t have 
b e e n a s s i g n e d to a d e p l e t i n g c o m p o s i t i o n . T h i s e s t a b l i s h e s the r e q u i r e m e n t t h a t 
e a c h n u c l i d e f o r w h i c h a n i n i t i a l c o n c e n t r a t i o n i s g i v e n a p p e a r In a t l e a s t one 
c h a i n d e s c r i p t i o n w h i c h i n t u r n a p p e a r s i n a c h a i n l i s t . 

CONCENTRATIONS AFTER DEPLETION 
To b e g i n a d e p l e t i o n c a l c u l a t i o n t h e i n i t i a l c o n c e n t r a t i o n s a r e expanded to 

p r o v i d e a s e t o f v a l u e s f o r e a c h d e p l e t i n g b l o c k o f the c o m p o s i t i o n . For 
s u c c e e d i n g c a l c u l a t i o n s the c o n c e n t r a t i o n s computed i n a p r e v i o u s s t e p a r e u s e d . 
The s e l e c t i o n o f p r e v i o u s r e s u l t s o r c a r d input i s made i m p l i c i t l y b y the 
p r e s e n c e or a b s e n c e o f a F i l e I fenager i n p u t c o n c e n t r a t i o n f i l e s p e c i f i c a t i o n . 
For ALL c a l c u l a t i o n s the i n i t i a l c o n c e n t r a t i o n s a r e u s e d to p r o v i d e N(0 ) f o r a l l 
i n t e r p o l a t i o n s i n w h i c h the f r a c t i o n N ( t ) / N ( 0 ) i s u s e d a s an i n d e p e n d e n t 
v a r i a b l e i n the i n t e r p o l a t i n g t a b l e s ( s e e S e c t i o n 4 . 4 ) . They a r e a l s o r e q u i r e d 
f o r the r e p l a c e m e n t o p t i o n i n w h i c h the c o n c e n t r a t i o n s from a F i l e Ifonager i n p u t 
c o n c e n t r a t i o n f i l e a r e r e p l a c e d e i t h e r ( 1 ) f o r a l l n u c l i d e s i n s e l e c t e d 
c o m p o s i t i o n s , o r , ( 2 ) f o r s e l e c t e d n u c l i d e s In s e l e c t e d c o m p o s i t i o n s . Even i f a 
p r o b l e m u s e s n u c l i d e c o n c e n t r a t i o n s g e n e r a t e d by a p r e v i o u s p r o b l e m , the I n i t i a l 
c o n c e n t r a t i o n s must be i n c l u d e d i n t h e i n p u t . A l l c o n c e n t r a t i o n s n o t s p e c i f i e d 

cTnce^?rtat^:nsz!r;ne ilZllWoV'To ll iT^ ''li::rt't^^iil''^ll:^^r^lit 
t h o s e front a n o t i t e r c o n ^ o s i t loii« 

CONCENTRATION REPLACEMENT 

The r e p l a c e m e n t o p t i o n c a n be u s e d a t a n y t ime i n a d e p l e t i o n s t u d y e x c e p t , 
o f c o u r s e , a t b e g i n n i n g o f l i f e vb&n c o n c e n t r a t i o n s a r e s u p p l i e d v i a c a r d i n p u t 
i n s t e a d o f a F i l e Manager Input c o n c e n t r a t i o n f i l e . Rep lacement i s per formed 
e i t h e r u n i f o r m l y b y coiqpos 1 1 i o n o r f o r s e l e c t e d n u c l i d e s b y c o m p o s i t i o n . When 
r e p l a c e m e n t I s s e l e c t e d , a l i s t of c o m p o s i t i o n s must be g i v e n ( p r e s u m a b l y 
d e p l e t i n g c o m p o s i t i o n s ) i n vdxlch the r e p l a c e m e n t i s to be c a r r i e d o u t . In 
a d d i t i o n , i f s e l e c t e d n u c l i d e r e p l a c e m e n t i s d e s i r e d , a l i s t o f n u c l i d e s must be 
g i v e n . In e a c h ( g r o s s and f i n e ) b l o c k i n s u c h c o m p o s i t i o n s , p r e v i o u s n u c l i d e 
c o n c e n t r a t i o n s a r e r e p l a c e d b y the s p a t i a l l y Independent v a l u e s s u p p l i e d i n the 
i n p u t f o r t h a t c o m p o s i t i o n . Any m o d i f i c a t i o n s to the p r o p e r t i e s In the non -

i:?i:ti?fiSnrr*is%r'^?Se\%s^:T?}^fL*sri*LnJ!nges in t"-^ "-oss ^̂ '̂ "'*n 
I f i t i s d e s i r e d to r e p l a c e o n l y p a r t o f an e x i s t i n g c o m p o s i t i o n , t h i s may 

be a c c o m p l i s h e d b y a s s i g n i n g a new c o m p o s i t i o n number to t h a t p o r t i o n o f the 
e x i s t i n g c o m p o s i t i o n t h r o u g h a c o m p o s i t i o n a s s i g n m e n t c h a n g e . A c h a i n 
a s s i g n m e n t t o t h i s new c o m p o s i t i o n may be d i f f e r e n t from the one p r e v i o u s l y 
a s s i g n e d a l l o w i n g a new s e t o f n u c l i d e s to be u s e d . The v i t a l r e s t r i c t i o n s a r e 
t h a t t h e t o t a l number o f u n i q u e n u c l i d e s In the p r o b l e m and the t o t a l number o f 
b l o c k s must r e m a i n f i x e d d u r i n g the r e p l a c e m e n t p r o c e s s . 

TRANSVERSE CONCENTRATION EXPANSION - FUEL SHUFFLING 

The u s e r may r e q u e s t the t r a n s v e r s e s h u f f l i n g o f a d e p l e t e d s e t o f 
c o n c e n t r a t i o n s . T h i s c a p a b i l i t y may be u s e d to c o n t i n u e d e p l e t i o n a f t e r the 
l o s s o f symmetry a t some t ime i n l i f e . For e x a m p l e . I f a c o r e h a s h a l f - c o r e 
symmetry and i s c a l c u l a t e d a s s u c h b u t due to a s t u c k rod o r the removal o f a 
p o r t i o n o f t h e c o r e t h a t symmetry i s l o s t , t h e c o n c e n t r a t i o n s may be expanded s o 
t h a t t h e y w i l l be p o s i t u o n e d f o r a f u l l c o r e c a l c u l a t i o n . A c t u a l l y , a n y k i n d o f 

p o s s i b l e s u c h a s I s r e q u i r e d i n f n e l - s h u f f l i n g may be d o n e . The ( o l d ) g e o m e t r y 
f i l e c o r r e s p o n d i n g to t h e o r i g i n a l c o n c e n t r a t i o n f i l e must be s u p p l i e d to the 
program i n a d d i t i o n to the (new) g e o m e t r y w h i c h d e s c r i b e s t h e c u r r e n t p r o b l e m 
c o n t a i n i n g t h e d e s i r e d s t r u c t u r e . The u s e r s u p p l i e s s e t s o f [ o l d f i n a l f i g u r e , 
o l d c h a n n e l b i a s , new f i n a l f i g u r e , new c h a n n e l b i a s ! to i n s t r u c t the program on 
p r o p e r p l a c e m e n t o f t h e c o n c e n t r a t i o n s . Note t h a t t h i s I B ^ l i e s t h a t a s 
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c o n c e n t r a t i o n s a r e moved from one p l a c e to a n o t h e r , the b l o c k s t r u c t u r e i s h e l d 
c o n s t a n t , b o t h g r o s s and f i n e b l o c k i n g . W i t h i n a f i n a l f i g u r e to be moved, the 
number o f g r o s s b l o c k s and the number o f f i n e b l o c k s p e r g r o s s b l o c k must n o t 
v a r y from o l d to new p l a c e m e n t . T h i s i s i n k e e p i n g w i t h the c o n c e p t o f 
e x p a n s i o n a s a movement a n d / o r r e p l i c a t i o n o f a p h y s i c a l s t r u c t u r e . A l l g r o s s 
b l o c k s i n a f i n a l f i g u r e must have t h e s a m e - o r d e r a s t h e y d i d o r i g i n a l l y ( b u t 
r e g i o n numbers may c h a n g e ) , and c h a n n e l numbers may v a r y o n l y b y a c o n s t a n t from 
o l d p o s i t i o n to new p o s i t i o n . F i n a l f i g u r e numbers may v a r y from the o l d 
d e s c r i p t i o n f o r the same s t r u c t u r e i n the new d e s c r i p t i o n . For a n y new f i g u r e s 
n o t e x p l i c i t l y d e s c r i b e d i n t h i s p r o c e s s , a o n e - t o - o n e t r a n s f o r m a t i o n i s d o n e ; 
i n t h i s c a s e , o f c o u r s e , the o l d and new f i n a l f i g u r e numbers must be the same 
f o r t h o s e f i g u r e s to be t r a n s f o r m e d o n e - t o - o n e . If some e n t i r e l y new s t r u c t u r e 
I s to be made, u s i n g j u s t a p o r t i o n o f the o l d s t r u c t u r e , t h e program c a n be 
i n s t r u c t e d to s e t a l l c o n c e n t r a t i o n s In a f i g u r e to z e r o s o t h a t some o t h e r 

c o r r e s p o n d s to the new f i g u r e w h i c h i s to be z e r o e d . In any c a s e , n o t a l l o f 
the o l d f i g u r e s n e e d be u s e d In the t r a n s f o r m a t i o n p r o c e s s . The number o f 
p l a n e s c a n n o t c h a n g e In t h i s p r o c e s s . The same e x p a n s i o n i s done f o r e v e r y 
p l a n e In t h r e e d i m e n s i o n s . 

GROSS TO FINE CONCENTRATION EXPANSION 

The u s e r may r e q u e s t the e x p a n s i o n o f a s e t o f g r o s s b l o c k e d o n l y 
c o n c e n t r a t i o n s o v e r a s e t o f f i n e b l o c k s . Thus a c o r e w h i c h h a s b e e n d e p l e t e d 
u s i n g g r o s s b l o c k i n g o n l y may, a t a n y p o i n t i n l i f e , be changed I n t o a g r o s s and 
f i n e b l o c k i n g p r o b l e m . The Input to s u c h an e x p a n s i o n p r o b l e m c o n t a i n s a l l 
normal f i n e b l o c k i n g I n f o r m a t i o n e x c e p t f o r the Input F i l e ffenager c o n c e n t r a t i o n 
f i l e w h i c h i s g ^ o s s b l o c k e d o n l y . The g r o s s b l o c k c o n c e n t r a t i o n s f o r e a c h 
n u c l i d e d e s i g n a t e d a s a f i n e b l o c k n u c l i d e a r e a s s i g n e d to e a c h f i n e b l o c k 
w i t h i n t h a t g r o s s b l o c k . 

TRANSVERSE CONCENTRATION REDUCTION 

The u s e r may r e q u e s t the t r a n s v e r s e r e d u c t i o n o f c o n c e n t r a t i o n s a c c o r d i n g 
to a u s e r d e f i n e d p r e s c r i p t i o n . T h i s c a p a b i l i t y i s u s e f u l , e s p e c i a l l y i n t h r e e 
- d i m e n s i o n a l p r o b l e m s , f o r r e d u c i n g run t i m e s i f some l o s s o f a c c u r a c y i s 
a c c e p t a b l e f o r the c a l c u l a t i o n . Note t h a t a t b e g i n n i n g o f l i f e . I f the 
r e d u c t i o n p r e s e r v e s c o m p o s i t i o n s , no l o s s i n a c c u r a c y o c c u r s . A s e t o f f i g u r e s 
and r e g i o n s d e f i n e s a new b l o c k made up o f a l l o f the o c c u r r e n c e s o f t h o s e 
f i g u r e - r e g i o n c o m b i n a t i o n s i n the o r i g i n a l c o n c e n t r a t i o n s . The new b l o c k i s 
g i v e n the i d e n t i f i c a t i o n numbers o f the f i r s t f i g u r e number i n the l i s t and the 
f i r s t r e g i o n number In the l i s t . A l l f i n e b l o c k s ( i f any) a r e l e f t unchanged 
e x c e p t t h a t t h o s e a s s o c i a t e d w i t h a c o l l e c t i o n o f b l o c k s a r e c o l l e c t e d t o g e t h e r 
and a s s o c i a t e d w i t h the one new r e d u c e d b l o c k . The r e d u c t i o n i s per formed i n 
the same manner f o r e v e r y p l a n e i n t h r e e d i m e n s i o n s . Any i n p u t F i l e Manager 
f i l e c o n t a i n i n g b l o c k I n f o r m a t i o n ( c o n c e n t r a t i o n . I n t e g r a t e d f l u x , s y n t h e s i s 
i n t e g r a l l i b r a r y ) w i l l be r e d u c e d i n a c o m p a t i b l e manner. The r e d u c t i o n o f 
c o n c e n t r a t i o n s i s per formed b y volume w e i g h t i n g the o r i g i n a l c o n c e n t r a t i o n s ; 
the o t h e r two t y p e s o f d a t a a r e i n the form o f I n t e g r a l s s o t h e y a r e s i m p l y 
summed. The g e o m e t r y , o f c o u r s e , i s r e c o n s t r u c t e d b y t h e program to be 
c o m p a t i b l e w i t h the r e d u c t i o n t h a t i s p e r f o r m e d . 

AXIAL CONCENTRATION REDUCTION 

The u s e r may a l s o r e q u e s t the a x i a l r e d u c t i o n o f f i l e s i n a s i m i l a r manner. 
The u s e r d e f i n e s CONTIGUOUS g r o s s b l o c k p l a n e s w h i c h a r e to be r e d u c e d t o g e t h e r . 
F i n e b l o c k p l a n e s ( I f any) a r e l e f t u n c h a n g e d . 
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4.11. HARMONY: AREA DISTORTION FACTORS 
The use of a reasonable number of mesh points in diffusion - depletion 

problems sometimes results In the distortion of several regions of the problem. 
If the distortion consists of an increase (or decrease) in the volume assigned 
to the region, the nuclide concentrations must be decreased (or Increased) to 
keep the total inventory correct. 

The program provides for the input of area distortion factors (or AREA 
RATIOS) by composition or by planar region - gross plane which allows a single 
table set and a single set of input concentrations to be used In several 
compositions, each of which is a distortion In volume by some factor from the 
composition for which the table set and concentrations were prepared. Use of 
these factors allows savings in table set generation and storage as well as the 
use of non - distorted input concentrations. If these factors are not Input, 
values of unity are assumed for all space. 

In the following definitions, upper case symbols shall be interpreted as 
that data which has been distorted due to differences between actual reactor 
dimensions and those dimensions used to describe the geometry in the problem; 
lower case symbols shall be Interpreted as non - distorted data. The following 
symbols will be used In the descriptions: 

u = some nuclide concentration, 
v = some unit of volume, 
a = area ratio input. 

By definition, the following relationships exist: 
a = v/V, 
NV = nv, 
N = na. 

Using these definitions, the area ratio treatment can be described as 
follows: 
A. The geometry input will describe mesh spaclngs such that each unit of 

vol le geometry inpu lume will be V. 
B. The input nuclide concentrations will be assumed to be n, not N. 
C. In the macroscopic cross section calculation, the table set data will yield 

non - distorted cross sections. This data will be translated to produce 
"distorted" macroscopic cross sections by dividing the diffusion 
coefficient and multiplying all other cross sections by the area ratio a. 

D. The distorted macroscopic data and areas will 
eigenvalue and flux solution. be used to calculate the 

E. In all integral editing (volume weight, flux weight, average 
concentrations, . . . ) , non - distorted cross sections and areas are used, 
possibly in combinations, to produce the required edit data. Note that, in 
particular, the volume edited Is NOT the volume Input via the geometry 
description If non - unity area ratios are supplied. However, the 
distorted volumes by region WILL be edited in the geometry input edit to 
reflect the actual input geometry. 

F. For spatial power distribution calculations and for integration of power 
for normalization of flux and power distributions, the non — distorted 
cross section and volume data are used. 
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4.12. HARMONY: REQUIREMENTS AND RESTRICTIONS 
Since cross section input can consist of an arbitrary mix of card input 

data and data from a File Manager input tableset file, and since depletion 
chains are user specified, the_opportunity for error In speciflfylng such input 

no 
error diagnostics to assist the user in setting up a problem. 
is greater than normal. The program has a very extensive set of checks and 

This section summarizes some of the more basic requirements and 
restrictions of the program with respect to cross section input, chain input, 
and concentration input. 

(1) Each composition must have a master macro table assigned to it, either 
directly via table set assignment or via table overlay assignment. 

(2) Non - depleting compositions may not have a master micro table or an 
interpolating table assigned to them. 

(3) Elach depleting composition must have at least one master micro table 
assigned to it, either directly via table set assignment or via table 
overlay assignment. 

(4) All nuclide ID's listed in a composition (e.g. via assignment of 
concentrations, micro tables, function tables, mask tables,...) must be in 
the list of permissible nuclides assigned to that composition as determined 
by the chain list assignment (see Section 4.9). 

(5) A mask table using N(t)/N(0) for any of the independent variables should 
not be assigned to function tables which are to be used In more than one 
composition where N(0) varies between these compositions. Hie program does 
not make this check. An exception to this occurs if N(0) is the same from 
composition to conrpositlon but is effectively different due only to 
different area ratios. 

(6) In the calculation of the macroscopic fission cross section used in the 
power calculation for thermal flux renormallzation during depletion, the 
assumption is made that there is no contribution from the master macro 
table or interpolating macro tables towards the fission cross section. If t Is such a contribution is present, it is ignored. 

(7) If the power level Is Identically zero, special chain equations may be 
required to satisfy the requirement of the depletion chain solution that 
the coupling from parent to daughter nuclide be non - zero. lliat is, for 
all nuclides in depletion chains: (a) specify a chain of the form 
dN/dt = 0, (b) modify the chain lists containing the original chains to 
contain these new chains, and (c) assign a non - zero decay constant to 
each fission product nuclide. The temptation will be to circumvent this 
procedure by using an arbitrarily small power level, but such a procedure 
may not work. 

(8) The total number of unique nuclides must not vary during depletion. The 
number of unique nuclides to be depleted over fine blocks also must not 
vary during depletion. Fine block depletion can be omitted at any step in 
the depletion process without affecting the flux calculations. But If fine 
block depletion Is desired at any time, then either the previous time step 
must have included fine block depletion or the gross to fine concentration 
expansion option must be used. 

(9) All daughter nuclides which are fine block depleted must have parent 
nuclides vdilch are fine block depleted. 
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5.1. EDIT CAPABILITIES: INPUT PROCESSING EDITS 
program output always begins with a one page edit of USER NOTICES. The pre 

e noti< 
program Is executed with no card Input data, a special edit is printed. This 
special edit consists of ALL past user notices and an Input CHECKLIST which 
includes a brief description oi every possible Input card. 

For every case of input, the following are always edited during input 
processing: 
(a) CARDFILE cards in the order they are encountered; 
(b) Card data from card files in the order they are processed; 
(c) Card input data for the current case; 
(d) A one page summary of important problem parameters; and, 
(e) In synthesis cases, the trial function descriptions. 
If sub-cases are being executed, (a) through (e) are edited only In the parent 
case but a short summary edit of important problem parameters at the beginning 
of each sub-case is always Included. 

All other editing of input data which can occur during Input processing 
(except, of course, error commenting) is optional. There are five major 
sections of optional Input editing which can be requested: 
1. (Geometry data, 
2. Concentration data, 
3. Harmony input data, 
4. Integration edit definitions, and 
8. Geometry pictures. 
These edits, as well as all other optional edits in the program, are defaulted 
such edit requests are deleted from case to case and thus must be requested 

as w 
it Is, off*; that Is, they are not done unless specifically requested. In addition, 

explicitly in each case If desired. Detailed descriptions of these five 
optional input processing edits can be found in Section 17.1 
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5.2. EDIT CAPABILITIES: INTEGRATION EDITS 
The integration editing includes flux Integrals, power fractions, 

absorption rates, fission rates, group - dei>endent and group - independent 
buckllngs, K-Infinity, K-effective, volume -' weighted and flux - weighted 
macroscopic parameters, average nuclide concentrations, nuclide loadings in 
kilograms, arbitrary algebraic combinations of nuclide reaction rates and atom 
co.unts, edits of concentrations during xenon feedback, and edits of various 
thermal - hydraulic indicators during temperature feedback. Except for the 
arbitrary combination edit of nuclide integral data which is over all problem 
space, all integral editing Is performed for defined EDIT SETS and some set of 
g^oss planes, either separately or Integrated. 

Integral data Involving flux and macroscopic parameters are edited every 
case or sub-case. Integral nuclide data are optionally edited during the 
depletion process and will not be edited if the depletion path chosen is "no 
depletion*. Of course, xenon and temperature feedback integral data Is 
optionally printed only during those feedbacks and will not be printed if such 
feedbacks are not specified. 

An EDIT SET is an arbitrary collection of final figure numbers together 
with an arbitrary collection of planar region numbers. Each edit set thus 
defines a region of the mesh, not necessarily connected, vdiich is to be treated 
as a unit for Integration editing purposes. A particular mesh element belongs 
to each edit set whose definition includes both the final figure number and the 
planar region number of the mesh figure. Thus, a particular mesh element may 
belong to any number of edit sets. Every integral quantity Is calculated for 
each edit set in each gross plane. Note that the edit sets are the same in 
every gross plane since they depend only on final figures and planar regions. 

Edit sets which have zero volume (no specified figure - region pairs exist 
in the solution region) and edit sets for which the Integral data Is identically 
zero are not printed. 

In three - dimensional problems, the user must define the axial limits of 
integration. A PLANE GROUPING is a collection of gross planes, not necessarily 
connected, which is to be treated as an axial integration unit. Note that a 
particular gross plane may belong to any number of plane groupings. All edit 
set Integrals are summed over the planes comprising a plane grouping before 
being manipulated and printed. Thus, to Identify the region of integration for 
a single printed quantity requires a list of final figures, a list of planar 
regions, and a list of gross planes (Identified by point plane number limits). 
The program solves this identification problem by numbering both the edit sets 
and the plane groupings. The definition of each of these is printed once during 
input processing, and integral quantities are then identified by edit set numbeir 
and plane grouping number. 

For three - dimensional problems an alternate method of printing, utilizing 
AXIAL EDITS, Is available. An AXIAL EDIT is a collection of edit sets and a 
contiguous set of individual gross planes, each of which is to be edited. The 
axial limits of Integration for axial edits are the gross plane boundaries. 
Thus, the program nay be directed to provide data integrated over edit set space 
AND over plane grouping space by the use of plane groupings, or edit sets may be 
printed individually for each gross plane of interest by the use of axial edits. 
Not all of the Integration edits are available with axial edits. In particular, 
only the average flux, power, concentrations (density and/or loading), and 
thermal - hydraulic results may be printed In this manner. Either plane 
groupings may be printed or axial edits may be printed or they may both be 
printed. Axial edits may either be printed, printer - plotted in combination or 
alone, or both. As in the case of plane groupings, the axial edits are numbered 
and printed once during input processing, and integral quantities are then 
Identified by edit set number and axial edit number. 
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5 . 3 . EDIT CAPABILITIES: INTEGRAL APPROXIMATIONS 

The i n t e g r a l a p p r o x l m a t loxis u s e d In e a c h g e o m e t r y a r e c o n s i s t e n t w i t h t h e 
a s s u m p t i o n s made In the d e r i v a t i o n o f the d i f f e r e n c e e q u a t i o n s f o r the f l u x 
s o l u t i o n . The i n t e g r a l o f a n y q u a n t i t y o v e r a r e g i o n o f t h e mesh i s c a l c u l a t e d 
by summing the I n t e g r a l s f o r the i n d i v i d u a l mesh f i g u r e s c o m p r i s i n g the r e g i o n . 
F u r t h e r , s i n c e a l l m a t e r i a l p r o p e r t i e s s u c h a s m a c r o s c o p i c and m i c r o s c o p i c c r o s s 
s e c t i o n s a r e c o n s t a n t w i t h i n a mesh f i g u r e , any c r o s s s e c t i o n t i m e s the f l u x i s 
s i m p l y the c r o s s s e c t i o n t i m e s the i n t e g r a l o f the f l u x f o r t h a t mesh. 

In r e c t a n g u l a r , h e x a g o n a l , and q u a d r i l a t e r a l g e o m e t r y the f l u x I n t e g r a l f o r 
a mesh f i g u r e I s a p p r o x i m a t e d b y the n u m e r i c a l a v e r a g e o f the f l u x v a l u e s a t the 
v e r t i c e s m u l t i p l i e d b y the l e n g t h ( i n one - d i m e n s i o n ) , a r e a ( i n two -
d i m e n s i o n s ) , or volume ( i n t h r e e - d i m e n s i o n s ) o f the f i g u r e . In h e x a g o n a l and 
q u a d r i l a t e r a l g e o m e t r i e s , the t r a n s v e r s e mesh e l e m e n t i s a t r i a n g l e . 

In c y l i n d r i c a l g e o m e t r y , the one - d i m e n s i o n a l i n t e g r a l i s a p p r o x i m a t e d b y 
E q u a t i o n 5 . 3 . 1 , and the two - d i m e n s i o n a l I n t e g r a l i s o b t a i n e d b y a v e r a g i n g the 
i n t e g r a l s a l o n g the t o p and b o t t o m o f a mesh e l e m e n t and m u l t i p l y i n g by i t s 
he i g h t . 

In s p h e r i c a l g e o m e t r y , the i n t e g r a l i s a p p r o x i m a t e d b y E q u a t i o n 5 . 3 . 2 . 

In t h r e e - d i m e n s i o n a l s y n t h e s i s , the f l u x i n t e g r a l i s the I n t e g r a l o f the 
m i x i n g c o e f f i c i e n t m u l t i p l i e d b y the I n t e g r a l o f the t r a n s v e r s e p l a n a r f l u x o f 
the t r i a l f u n c t i o n s a l l summed o v e r t r i a l f u n c t i o n s a s shown i n E q u a t i o n 5 . 3 . 3 . 
The m i x i n g c o e f f i c i e n t I s n o t a p o l n t w i s e q u a n t i t y ; r a t h e r , i t i s assumed 
c o n s t a n t from t h e mid - p o i n t o f one mesh i n t e r v a l t o the mid - p o i n t o f the 
n e x t . F u r t h e r , t r i a l f u n c t i o n z o n e b o u n d a r i e s o c c u r a t mid - p o i n t s o f the 
mesh. T h e r e f o r e , the i n t e g r a l o f the m i x i n g c o e f f i c i e n t s I s s i m p l y the m i x i n g 
c o e f f i c i e n t m u l t i p l i e d by the a p p r o p r i a t e h a l f - i n t e r v a l and summed o v e r the 
I n t e r v a l s In a g r o s s o r f i n e p l a n e . 

F i n a l l y , f o r d e p l e t i o n p u r p o s e s , the a v e r a g e f l u x i n a g r o s s or f i n e b l o c k 
i s g i v e n by E x p r e s s i o n 5 . 3 . 4 where the I n t e g r a l s a r e e v a l u a t e d a s i n d i c a t e d 
p r e v i o T i s l y . 
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EQUATIONS 8.3.1 - 8.3.4 
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3 . 4 . EDIT CAPABILITIES: POINTWISE EDITS 

A l l p o l n t w i s e e d i t i n g i s done o v e r two s p e c i f i e d r e g i o n s o f t h e mesh , t h e 
f i r s t f o r f l u x and t h e s e c o n d f o r power . These r e g i o n s a r e d e f i n e d a s a b o x 
c o n t a i n i n g some c o n t i g u o u s s e t o f c o l u m n s , r o w s , and p l & n e s . E d i t l n g o f e a c h 
p o l n t w i s e q u a n t i t y i s o p t i o n a l . i n c l u d i n g the f l u x i n e a c h g r o u p , the t o t a l 
t h e r m a l f l u x In a two - thermal g r o u p p r o b l e m , the p a r t i t i o n power , and the 
a v e r a g e o r p e a k p o i n t p o w e r . 

In a t h r e e - d i m e n s i o n a l s y n t h e s i s p r o b l e m , p o l n t w i s e f l u x e d i t i n d i c a t o r s 
may be u s e d t o e d i t e i t h e r the p o l n t w i s e f l u x or the s y n t h e s i s a x i a l m i x i n g 
c o e f f i c i e n t s or b o t h . The m i x i n g c o e f f i c i e n t s a r e a l s o p r i n t e r - p l o t t e d , i f 
r e q u e s t e d , b u t i n t h i s c a s e a r e n o r m a l i z e d s o t h a t t h e y r e p r e s e n t the FRACTIONAL 
FLUX c o n t r i b u t i o n s o f e a c h t r i a l f u n c t i o n a t e a c h a x i a l p o i n t . The 
n o r m a l i z a t i o n c o n s i s t s o f the t r a n s v e r s e i n t e g r a l o f the t r i a l f u n c t i o n d i v i d e d 
b y t h e sum o f s u c h I n t e g r a l s o v e r a l l t r i a l f u n c t i o n s i n t h a t g^oup and t h a t 
z o n ^ . On t h e s e p r i n t e r - p l o t s , t r i a l f u n c t i o n z o n e b o u n d a r i e s a r e i n d i c a t e d a s 
a r e f u n c t i o n a l v a l u e s o f z e r o and o n e . 

P a r t i t i o n power c o n s i s t s o f a v a l u e f o r e a c h mesh f i g u r e a t e a c h p o i n t and 
i s p r i n t e d o n l y f o r t h o s e p o i n t s a t w h i c h a n y two n o n z e r o v a l u e s d i f f e r from the 
a v e r a g e power b y more t h a n f i v e p e r c e n t . There a r e two p a r t i t i o n power v a l u e s 
p e r p o i n t i n o n e d i m e n s i o n ; t h e r e a r e f o u r , s i x , or e i g h t v a l u e s p e r p o i n t In 
two d i m e n s i o n s ; and t h e r e a r e e i g h t o r t w e l v e v a l u e s p e r p o i n t i n t h r e e 
d i m e n s i o n s . P a r t i t i o n power i s c a l c u l a t e d u s i n g the p o l n t w i s e f l u x t o g e t h e r 
w i t h t h e f i s s i o n c r o s s s e c t i o n s a p p r o p r i a t e to the mesh e l e n ^ n t s s u r r o u n d i n g 
t h a t mesh p o i n t . 

NOTE 

The f i s s i o n c r o s s s e c t i o n s u s e d f o r t h e 
c a l c u l a t i o n o f p a r t i t i o n power a r e the GROSS BLOCK 
f i s s i o n c r o s s s e c t i o n s . S i n c e a l l o t h e r forms o f 
p o l n t w i s e power a r e o b t a i n e d by o p e r a t i n g o n the 
p a r t i t i o n power , t h e s e g ^ o s s b l o c k f i s s i o n c r o s s 
s e c t i o n s a r e u s e d f o r a l l p o l n t w i s e power v a l u e s . 

P o i n t power may be e d i t e d e i t h e r a s the a v e r a g e o f the nonasero p a r t i t i o n 
power v a l u e s a t a p o i n t or a s the l a r g e s t ( p e a k ) o f t h e s e v a l u e s . In e i t h e r 
c a s e a r e l a t i v e maximum e d i t may a l s o be o b t a i n e d ^ A l c h i d e n t i f i e s e a c h p o i n t a t 
«Ailch the power e x c e e d s t h e v a l u e a t a n y o f I t s n e i g h b o r s . 
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5 . 5 . EDIT CAPABILITIES: MESHWISE EDITS 

The a v e r a g e power and a l l n u c l i d e c o n c e n t r a t l o n s e x i s t f o r e a c h g r o s s b l o c k 
i n the p r o b l e m ; i f t h e p r o b l e m i n c l u d e s f i n e b l o c k i n g , the power and a s u b s e t 
o f the c o n c e n t r a t i o n s e x i s t f o r e a c h f i n e b l o c k . Any of t h i s d a t a may be e d i t e d 
f o r e a c h mesh e l e m e n t i n non - q u a d r i l a t e r a l g e o m e t r y p r o b l e m s . S i n c e , i n 
g e n e r a l , a b l o c k i s l a r g e r than a s i n g l e mesh e l e m e n t , t h i s e d i t s m e a r s the d a t a 
i n t o t h e a p p r o p r i a t e mesh e l e m e n t s s o t h a t the d a t a c a n be p r i n t e d i n a r e g u l a r 
g r i d p a t t e r n . There a r e two d i f f e r e n t t y p e s o f mesh e d i t s a n d , i n the c a s e o f 
one - d i m e n s i o n a l p r o b l e m s , a t h i r d t y p e o f mesh e d i t . 

The f i r s t t y p e o f mesh e d i t s i m p l y p r i n t s a v a l u e f o r e a c h mesh e l e m e n t . 
The r e g i o n t o be e d i t e d i s s p e c i f i e d s e p a r a t e l y f o r n u c l i d e c o n c e n t r a t i o n s ; f o r 
the a v e r a g e p o w e r , t h e e d i t r e g i o n s p e c i f i e d f o r p o l n t w i s e power e d i t s I s u s e d . 

Another t y p e o f mesh e d i t , c a l l e d a d i s p l a y e d i t . I s v e r y compact s i n c e i t 
d o e s n o t p r i n t a v a l u e f o r e a c h mesh e l e m e n t b u t i n s t e a d p r i n t s a s i n g l e 
c h a r a c t e r f o r e a c h mesh e l e m e n t . T h i s c h a r a c t e r r e p r e s e n t s a "range" o f v a l u e s 
b e t w e e n a maximum and minimum. A t a b l e I s I n c l u d e d w i t h e a c h i t e m e d i t e d g i v i n g 
the c h a r a c t e r s and the a s s o c i a t e d r a n g e s . E a c h i t e m e d i t e d may be e d i t e d o v e r a 
s e p a r a t e e d i t r e g i o n . 

A t h i r d t y p e o f e d i t I s a v a i l a b l e f o r one - d i m e n s i o n a l p r o b l e m s . The 
q u a n t i t i e s may be p r i n t e r - p l o t t e d a s w e l l a s p r i n t e d . 
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5 . 6 . EDIT CAPABILITIES: BLOCKWISE EDITS 

The a v e r a g e power and a l l n u c l i d e c o n c e n t r a t i o n s e x i s t f o r e a c h g r o s s b l o c k 
In the p r o b l e m ; If t h e p r o b l e m i n c l u d e s f i n e b l o c k i n g , the poi«er and a s u b s e t 
o f the c o n c e n t r a t i o n s e x i s t f o r e a c h f i n e b l o c k . T h i s b l o c k d a t a may be e d i t e d 
d i r e c t l y . S u c h a n e d i t i s much more compact t h a n a mesh e d i t s i n c e t h e r e i s no 
e x p a n s i o n o f the d a t a over a l l mesh e l e m e n t s a s s o c i a t e d w i t h a b l o c k and t h e r e 
i s no imposed mesh g r i d s t r u c t u r e . However, s i n c e b l o c k i d e n t i f i c a t i o n by b l o c k 
number Is d i f f i c u l t to d e c i p h e r , t h i s type o f e d i t u t i l i z e s a u s e r d e f i n e d 
s t r u c t u r e i n t h e v a r i o u s g e o m e t r y l a b e l s a s s o c i a t e d w i t h e a c h b l o c k to I d e n t i f y 
the p r i n t e d d a t a . For g r o s s b l o c k d a t a , f i n a l f i g u r e s and p l a n a r r e g i o n s a s 
w e l l a s a x i a l p l a n e l i m i t s a r e u s e d to i d e n t i f y the d a t a o f I n t e r e s t . For f i n e 
b l o c k d a t a , c h a n n e l s and t r a c k s a s we11 a s a x i a l p l a n e l i m i t s a r e u s e d t o 
I d e n t i f y t h e d a t a o f i n t e r e s t . 

These t y p e s o f e d i t a r e c a l l e d HIERARCHICAL e d i t s b e c a u s e the u s e r d e f i n e s 
a n o r d e r e d s e t o f s t r u c t u r e s and t h i s s e t r e p r e s e n t s a h i e r a r c h y o f l e v e l s o f 
s t r u c t u r e s . The u s e r c r e a t e s t h i s s t r u c t u r e b y d e f i n i n g d i s j o i n t f i e l d s i n t h e 
e x i s t i n g g e o m e t r y l a b e l s ( f i n a l f i g u r e and p l a n a r r e g i o n or c h a n n e l and t r a c k ) . 
E^ch f i e l d i s d e f i n e d a s a s e t o f c o n t i g u o u s d e c i m a l d i g i t s i n the g e o m e t r y 
l a b e l s . A name i s a s s i g n e d to e a c h s e t o f d i g i t s ; t h a t i s , t o e a c h f i e l d . 
These names a r e t h e n u s e d to i d e n t i f y the o u t p u t d a t a . These d e f i n i t i o n s a r e 
h i e r a r c h i c a l ; t h a t i s , t h e y have a n o r d e r and t h i s o r d e r d e t e r m i n e s the o r d e r 
o f the d a t a p r i n t e d . To s e l e c t a n e d i t , a p a r t i c u l a r v a l u e o f e a c h f i e l d i s 
s e l e c t e d , from the f i r s t ( h i g h e s t ) l e v e l down to the l a s t s p e c i f i c l e v e l 
d e s i r e d . The program w i l l t h e n o b t a i n the d a t a a s s o c i a t e d w i t h the s p e c i f i e d 
f i e l d v a l u e s and p r i n t ALL s u b - s t r u c t u r e s i n c l u d e d . 

For e x a m p l e , the u s e r might d e f i n e t h r e e f i e l d s i n a c h a n n e l l a b e l and name 
t h e s e f i e l d s "CLUSTER", 'SUB-ASSEMB", and "ELEMENT"; the e n t i r e t r a c k l a b e l 
might be named "TRACK". These f o u r l a b e l s might r e p r e s e n t s t r u c t u r e s c a l l e d 
c l u s t e r , s u b - a s s e m b l y , e l e m e n t , and t r a c k r e s p e c t i v e l y . Then an e d i t r e q u e s t 
might be t o p r i n t d a t a f o r a p a r t i c u l a r q u a n t i t y s u c h a s f i n e b l o c k power , s a y , 
f o r c l u s t e r 17 . The program would t h e n f i n d c l u s t e r 17 and p r i n t a l l f i n e b l o c k 
power d a t a i n t h a t c l u s t e r , i d e n t i f y i n g the v a r i o u s p i e c e s w i t h a p p r o p r i a t e 
l a b e l s "SUB-ASSEMB* number, . "ELEMENT* number, and "TRACK" number. A l l 
s u b - a s s e m b l i e s i n c l u s t e r 17 would be p r i n t e d i n n u m e r i c a l o r d e r , a l l e l e m e n t s 
i n e a c h s u b - a s s e m b l y would be p r i n t e d i n n u m e r i c a l o r d e r , and a l l t r a c k s i n e a c h 
e l e m e n t would be p r i n t e d In n u m e r i c a l o r d e r . F u r t h e r , In t h i s same e x a m p l e , 
p e r h a p s o n l y d a t a f o r s u b - a s s e m b l y 2 3 i n c l u s t e r 8 i s d e s i r e d . The program 
would t h e n s c a n t h e d a t a f o r s u b - a s s e m b l y 2 3 In c l u s t e r 8 and p r i n t a l l d a t a i n 
t h a t s t r u c t u r e , i d e n t i f y i n g the v a r i o u s p i e c e s w i t h the a p p r o p r i a t e l y l a b e l e d 
"ELEMENT* numbed i n n u m e r i c a l o r d e r , and for e a c h e l e m e n t p r i n t d a t a f o r a l l 

M u l t i p l e h i e r a r c h i e s may be d e f i n e d i n the same p r o b l e m . In the example 
g i v e n , the o r d e r o f the d e f i n i t i o n s o f "SUB-ASSEMB" and "CLUSTER" might be 
I n t e r c h a n g e d , w i t h the r e s u l t t h a t t h e s e two f i e l d s would be i n t e r c h a n g e d i n the 
h i e r a r c h y . T h i s would t h e n a l l o w , f o r e x a m p l e , the s p e c i f i c a t i o n o f 
s u b - a s s e m b l y 14 and the program would p r i n t the r e s u l t s f o r e v e r y c l u s t e r w h i c h 
c o n t a i n e d s u b - a s s e m b l y 14 i n n u m e r i c a l o r d e r o f c l u s t e r , t h e n f o r e a c h s u c h 
c l u s t e r , would p r i n t the r e s u l t s f o r e a c h e l e m e n t i n n u m e r i c a l o r d e r o f e l e m e n t , 
and f i n a l l y f o r e a c h s u c h e l e m e n t would p r i n t the r e s u l t s f o r e a c h t r a c k i n 
n u m e r i c a l o r d e r o f t r a c k . 

For e a c h q u a n t i t y e d i t e d , the maximum and minimum v a l u e s and t h e i r 
" l o c a t i o n * ( g i v e n by d e f i n e d l a b e l s a s n o t e d p r e v i o u s l y ) a r e p r i n t e d . In t h e 
s c a n f o r maximum and minimum v a l u e s , z e r o v a l u e s a r e I g n o r e d . An o p t i o n e x i s t s 
t o s c a n a d e f i n e d s t r u c t u r e and p r i n t o n l y s u c h maximum and minimum v a l u e s and 
t h e i r l o c a t i o n . 

Of c o u r s e , t h i s e d i t s y s t e m d e p e n d s o n the u s e r to I n c l u d e some s t r u c t u r e 
In the v a r i o u s g e o m e t r y l a b e l s . In the e x a m p l e , d i g i t s 3 and 4 i n a c h a n n e l 
l a b e l might a l w a y s r e p r e s e n t the c l u s t e r number; d i g i t s 6 and 7 might a l w a y s 
r e p r e s e n t t h e s u b - a s s e m b l y number; d i g i t 1 might a l w a y s r e p r e s e n t the e l e m e n t 
number. For s u c h a s t r u c t u r e , e l e m e n t 3 i n s u b - a s s e m b l y 19 i n c l u s t e r 12 would 
have a c h a n n e l l a b e l o f 1 9 0 1 2 0 3 . Note t h a t d i g i t s a r e c o u n t e d from r i g h t t o 
l e f t i n e a c h f i e l d l a b e l . Tbib t r a c k l a b e l In t h i s example c o n t a i n e d o n l y a 
s i n g l e f i e l d s o i t c o u l d c o n t a i n t r a c k numbers In any o r d e r c o n v e n i e n t f o r 
p r o p e r i d e n t i f i c a t i o n o f r e s u l t s . 
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6 . 1 . FEEDBAC]^: CONTROL SEARCH - ONE DIMENSION 

In one - d i m e n s i o n a l p r o b l e m s , a c o n t r o l s e a r c h to o b t a i n a s p e c i f i e d 
r e a c t i v i t y i s a v a i l a b l e v i a a MDLTIPLE CONFIGURATION s e a r c h c a p a b i l i t y . The 
m u l t i p l e c o n f i g u r a t i o n s a r e d i f f e r e n t g e o m e t r i c d e s c r i p t i o n s , e a c h d e s c r i b i n g 
d i f f e r e n t m a t e r i a l a r r a n g e m e n t s . One f i n a l f i g u r e ~ p l a n a r r e g i o n o v e r l a y i s 
i n p u t and t h i s o v e r l a y i n c l u d e s a l l p o s s i b l e m a t e r i a l I n t e r f a c e s f o r a l l 
c o n f i g u ^ a t i o n s . Then, c o n f i g u r a t i o n s a r e d e s c r i b e d b y s p e c i f y i n g c o m p o s i t i o n to 
p l a n a r r e g i o n ( o r f i n a l f i g u r e ) c o r r e s p o n d e n c e s f o r e a c h c o n f i g u r a t i o n . T h i s 
c o n f i g u r a t i o n d e s c r i p t i o n i s s i m i l a r to t h e a x i a l c o m p o s i t i o n a s s i g n m e n t a s 
p r o v i d e d i n t h r e e - d i m e n s i o n a l p r o b l e m s to show a x i a l m a t e r i a l c h a n g e s . 

l\^Vf^.llLlTn, ZlU^^ATonLlt^^roi ^ s ^ ^ l ^ l ^ ^ l ^ ^ l ^ *""̂ '̂'̂'' 
Movable boundaries w i t h i n a c o n f i g u r a t i o n are s p e c i f i e d through the use of 

compos i t ion numbers. A movable boundary can o n l y occur at a compoostion 
inte i f face . Negative compos i t ion numbers s p e c i f y "movable composi t ions", and the 
l a r g e s t mesh po int number in a movable composi t ion i s s a i d to be a movable 
boundary. If a "movable composi t ion* i s not cont iguous in the compoostion 
o v e r l a y , more than one movable boundary i s def ined for that compoostion. 

The mechanics of the m u l t i p l e c o n f i g u r a t i o n search are as f o l l o w s . To 
s imulate the movement of a c o n t r o l e lement , boundaries of the contro l element 
are moved. The c o n c e n t r a t i o n s ( i f any) are not moved during t h i s proces s ; o n l y 
the geometry d e s c r i p t i o n i s a l t e r e d in the s imula t ion of the movement. Boundary 
moves are based on the f i n a l f i gure - planar reg ion o v e r l a y , the composi t ion 
correspondence for the current c o n f i g u r a t i o n (which d e f i n e s movable boundar ies ) , 
and the value of the l a t e s t e i g e n v a l u e s . After each boundary move, an 
e i g e n v a l u e i s c a l c u l a t e d and the s e a r c h i s terminated or another boundary move 
i s made. The s e a r c h i s terminated i f the convergence c r i t e r i o n i s met, the 
maximum number of s e a r c h t r i e s has occurred, or i f no more moves can be made. 
The program can be d i r e c t e d to terminate j u s t the s earch or to terminate the 
e n t i r e problem If a d e s i r e d r e a c t i v i t y cannot be obta ined . 

A r e s t r i c t i o n i s made on the boundary moves such that no f i n a l f igure -
planar r e g i o n pa ir i s des troyed; i . e . , a movable boundary can move o n l y as 
c l o s e as one mesh i n t e r v a l from the adjacent f i n a l f igure - planar reg ion p a i r . 
I n c i d e n t a l l y , mul t ip l e movable boundaries are a l l moved a t once; t h i s 
c a p a b i l i t y can be u t i l i z e d to s t e p through a c o n f i g u r a t i o n a f ixed number of 
p o i n t s each move. If no more moves can be made in a c o n f i g u r a t i o n , the next 
c o n f i g u r a t i o n ( i n the appropriate d i r e c t i o n ) i s t r i e d i f there e x i s t s such a 
c o n f i g u r a t i o n . Each time a new c o n f i g u r a t i o n i s s t a r t e d , the o r i g i n a l geometry 
d e s c r i p t i o n i s used and then "perturbed" through boundary moves. A c a p a b i i i t y 
i s a v a i l a b l e to s t a r t the s e a r c h in any c o n f i g u r a t i o n us ing e i t h e r the perturbed 
geometry d e s c r i p t i o n , i f a v a i l a b l e v i a an input F i l e Manager geometry f i l e or 
v i a a previous s u b - c a s e , or the o r i g i n a l geometry d e s c r i p t i o n . 

The gross b lock ing in every one - dimensional problem i s one mesh element 
per gross b lock. When the m u l t i p l e c o n f i g u r a t i o n s e a r c h Is chosen, f ine 
b lock ing i s not a l lowed . In a d d i t i o n , when the mul t ip le conf igura t ion search i s 
chosen the po ison s e a r c h may not be used . 

Information p e r t a i n i n g to the l a s t c o n d i t i o n of t h i s search i s included in 
an output F i l e Manager geometry f i l e i f such a f i l e i s saved . Therefore, i f 
from case to case the s earch i n i t i a l s t a t e i s to be that of the f i n a l s t a t e in a 
prev ious c a s e , an output F i l e Manager geometry f i l e must be saved and that f i l e 
must then be input to the next c a s e . During sub-case e x e c u t i o n , such 
information i s a u t o m a t i c a l l y carr i ed from one sub-case to the next. 
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6 . 2 . FEEDBACKS: CONTROL SEARCH - TWO DIMENSIONS 

In two - d i m e n s i o n a l c y l i n d r i c a l (R-Z) p r o b l e m s , the program c a n be 
d i r e c t e d to p o s i t i o n a d e f i n e d c o n t r o l e l e m e n t a x i a l l y to o b t a i n a d e s i r e d 
r e a c t i v i t y . S i n c e the c o n t r o l e l e m e n t c o n t a i n i n g c o n c e n t r a t i o n s and t h e 
m a t e r i a l g e o m e t r y i s e x p l i c i t l y moved i n the s e a r c h , t h i s c a p a b i l i t y c a n b e . a 
MOVABLE FUEL or a CONlTtOL BOD s e a r c h . The p o s i t i o n i n g may be to the n e a r e s t 
d i s c r e t e ( a x i a l ) mesh p o i n t , or the a x i a l mesh s p a c i n g s w i l l be a d j u s t e d , i f 
p o s s i b l e , to o b t a i n the e i g e n v a l u e d e s i r e d w i t h i n a s p e c i f i e d c r i t e r i o n . The 
s e a r c h i s t e r m i n a t e d i f the c o n v e r g e n c e c r i t e r i o n i s met , the maximum number o f 
s e a r c h t r i e s h a s o c c u r r e d , or i f no more moves c a n be made. 

The c o n t r o l e l e m e n t may c o n s i s t o f m u l t i p l e e l e m e n t s , e a c h w i t h a common 
t o p and b o t t o m . Tlie c o n t r o l e l e m e n t i s s p e c i f i e d b y g i v i n g the t o p and b o t t o m 
a x i a l mesh p o i n t s comaon to a l l p i e c e s o f the c o n t r o l e l e m e n t . Then l e f t and 
r i g h t p a i r s a r e g i v e n w h i c h a r e co lumn numbers o u t l i n i n g the r a d i a l b o u n d a r i e s 
o f the p i e c e s o f the c o n t r o l e l e m e n t . I f the s e a r c h i s to o b t a i n an e i g e n v a l u e 
a r b i t r a r i l y c l o s e to a s p e c i f i e d v a l u e , the a x i a l mesh i s changed i f p o s s i b l e . 
To change t h e a x i a l mesh, the r a d i a l ( row) i n t e r f a c e s o f g r o s s b l o c k s i n the 
f i x e d and moving p o r t i o n s o f the g e o m e t r y must n o t l i n e u p . I f t h e y d o , the 
program w i l l p e r f o r m a one - p o i n t move ( i n c r e m e n t a l ) b e f o r e a t t e m p t i n g to 
change the mesh ( n o n - i n c r e m e n t a l ) . If the i n t e r f a c e s s t i l l l i n e up a f t e r the 
one - p o i n t move , the b e s t p o i n t i s c h o s e n and the s e a r c h i s t e r m i n a t e d . One 
method o f i n s u r i n g t h a t the program w i l l a l w a y s be a b l e to a d j u s t mesh s p a c i n g s 
i s to make the minimum g r o s s b l o c k h e i g h t be a t l e a s t two ( a x i a l ) meshes and to 
make a l l o t h e r g r o s s g l o c k h e i g h t s an i n t e g r a l m u l t i p l e o f t h a t minimum b l o c k 
h e i g h t . The program w i l l n o t a l l o w the minimum mesh s p a c i n g to become l e s s t h a n 
one one - h u n d r e d t h o f the ( n e c e s s a r i l y c o n s t a n t ) mesh s p e c i f i e d i n the c o n t r o l 

The a x i a l ( row) m e s h must be c o n s t a n t i n the c o n t r o l e l e m e n t and t h r o u g h o u t 
the a x i a l s p a c e t h a t t h e e l e m e n t may move. 

When a x i a l moves a r e p e r f o r m e d , some p o r t i o n o f the m a t e r i a l and g e o m e t r y 
d e s c r i p t i o n w i l l , i n g e n e r a l , be d e s t r o y e d and some new m a t e r i a l and g e o m e t r y 
d e s c r i p t i o n w i l l be I n s e r t e d i n t o v a c a t e d p o s i t i o n s . G e n e r a l l l y , t h i s d e s t r o y e d 
m a t e r i a l i s the a x i a l r e f l e c t o r and t h i s d e t e r m i n e s the s t r a t e g y u s e d i n f i l l i n g 
v a c a t e d p o s i t i o n s . The v a c a t e d p o s i t i o n s are f i l l e d w i t h the m a t e r i a l and 
g e o m e t r y d e s c r i p t i o n from the p o r t i o n ( a x i a l l y ) n e x t to the c o n t r o l e l e m e n t . 
For e x a m p l e , when moving upward, some p o r t i o n o f the m a t e r i a l and g e o m e t r y 
d e s c r i p t i o n j u s t above the c o n t r o l e l e m e n t i s l o s t and the s e c t i o n s J u s t b e l o w 
the c o n t r o l e l e m e n t a r e f i l l e d w i t h the m a t e r i a l and g e o m e t r y d e s c r i p t i o n w h i c h 
e x i s t s j u s t b e l o w the c o n t r o l e l e m e n t b e f o r e i t i s moved. I f the c o n t r o l 
e l e m e n t i s a l r e a d y up a g a i n s t a p r o b l e m e x t r e m i t y , t h e n t h a t p o r t i o n o f the 
c o n t r o l e l e m e n t t o u c h i n g t h e e x t r e m i t y i s smeared i n t o the v a c a t e d p o s i t i o n s 
when r e q u i r e d . 

A l l p i e c e s o f the c o n t r o l e l e m e n t a r e moved a x i a l l y the same amount and i n 
the same d i r e c t i o n f o r e v e r y move. Upper and lower l i m i t s f o r movement o f the 
c o n t r o l e l e m e n t a s w e l l a s the maximum amount o f a n y one move a r e s p e c i f i e d i n 
the i n p u t a s c o n s t r a i n t s o n the s e a r c h . The c o n t r o l e l e m e n t may be p a r t i a l l y 
moved o u t o f t h e t o p or b o t t o m o f the p r o b l e m mesh d e s c r i p t i o n i f s o d e s i r e d , 
bvLt the c o n t r o l e l e m e n t may n o t be moved e n t i r e l y o u t o f the p r o b l e m . 

When t h i s c o n t r o l s e a r c h i s c h o s e n , the p o i s o n s e a r c h c a n n o t be u s e d and 
f i n e b l o c k i n g c a n n o t be d o n e . 

I n f o r m a t i o n p e r t a i n i n g to the l a s t c o n d i t i o n o f t h i s s e a r c h i s i n c l u d e d i n 
an o u t p u t F i l e Manager g e o m e t r y f i l e i f s u c h a f i l e i s s a v e d . T h e r e f o r e , i f 
from c a s e to c a s e the s e a r c h i n i t i a l s t a t e i s to be t h a t o f the f i n a l s t a t e i n a 
p r e v i o u s c a s e , an o u t p u t F i l e %inager g e o m e t r y f i l e must be s a v e d and t h a t f i l e 
must t h e n be i n p u t to the n e x t c a s e . D u r i n g s u b - c a s e e x e c u t i o n , s u c h 
i n f o r m a t i o n i s a u t o m a t i c a l l y c a r r i e d from one s u b - c a s e to the n e x t . 
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6.3. FEEDBACKS: CONTROL SEARCH - THREE DIMENSIONS 
In three - dimensional problems, the program can be directed to position a 

defined control element axially to obtain a desired reactivity. For three -
dimensional explicit or synthesis problems, a control search vdiich positions an 
element axially to the nearest gross plane is available. Since the control 
element containing concentrations and the material geometry is explicitly moved 
in the search, this capability can be used as a MOVABLE FUEL search, although a 
control rod search is possible using this technique. For three - dimensional 
synthesis problems only, a capability is available to position a single axial 
interface so that the eigenvalue obtained is arbitrarily close to a specified 
eigenvalue. Since a single interface controls the behavior of the search, this 
search Is called a FAST ROD SEARCH, implying that a control rod is the 
controlling element. For this fast rod search, it is assumed that there is only 
one uniform material above and one uniform material below the interface for the 
entire planar extent of the controlling element. Some of the search mechanisms 
for these two types of searches are common but their behavior is sufficiently 
different that two different descriptions will be given. 

MOVABLE FUEL SEARCH 
In the movable fuel search, the positioning will be to the nearest gross 

plane boundary to obtain an eigenvalue nearest the specified search eigenvalue. 
The search is terminated if the nearest gross plane has been found, the maximum 
number of search tries has occurred, or if no more moves can be made. 

The control element is specified by giving the top and bottom axial mesh 
points for each piece of the control element. These axial mesh points must be 
gross plane boundaries. The planar pieces of the control element are described 
by planar regions or final figures (whichever correspond to compositions). The 
control element may consist of multiple planar pieces, and each may have a 
different top and bottom. 

The axial mesh must be constant In the control element and throughout the 
axial space that the element may move. In addition, the gross planes and fine 
planes must contain a constant number of axial meshes per block plane throughout 
the axial space that the element may move. Also, if fine blocking, there must 
be a constant number of fine planes per gross plane throughout this same axial 
space. 

Vhen axial moves are performed, some portion of the material and geometry 
description will, in general, be destroyed and some new material and geometry 
description will be inserted into vacated positions. (^nerally, this destroyed 
material is the axial reflector and this determines the strategy used in filling 
vacated positions. The vacated positions are filled with the material and 
geometry description from the portion (axially) next to the control element. 
For example, when moving upward, some portion of the material and geometry 
description just above the control element Is lost and the sections Just below 
the control element are filled with the material and geometry description which 
exists just below the control element before it is moved. If the control 
element is already up against a problem extremity, then that portion of the 
control element touching the extremity is smeared into the vacated positions 
when required. 

All pieces of the control element are moved axially the same amount and in 
the same direction for every move. Upper and lower limits for movement of the 
control element as well as the maximum amount of any one move are specified in 
the input as constraints on the search. The control element may be partially 
moved out of the top or bottom of the problem mesh description if so desired, 
but the control element may not be moved entirely out of the problem. 

The mechanism of the movable fuel search may be employed to initially 
position the element to the gross plane boundary nearest to a location specified 
by the user. Such an initial move is done after depletion if deplete - first is 
done, but prior to any other calculations being performed by the program. The 
search may optionally be continued from this position. 

When the movable fuel search is chosen, the poison search cannot be used. 
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I n f o r m a t i o n p e r t a i n i n g to t h e l a s t c o n d i t i o n o f t h i s s e a r c h i s I n c l u d e d i n 
a n o u t p u t F i l e Wanager g e o m e t r y f i l e i f s u c h a f i l e i s s a v e d . T h e r e f o r e , i f 
from c a s e to c a s e t h e s e a r c h i n i t i a l s t a t e i s to be t h a t o f the f i n a l s t a t e i n a 
p r e v i o u s c a s e , an o u t p u t F i l e Manager g e o m e t r y f i l e must be s a v e d and t h a t f i l e 
must t h e n be i n p u t to the n e x t c a s e . D u r i n g s u b - c a s e e x e c u t i o n , s u c h 
i n f o r m a t i o n i s au tomat l e a l l y c a r r i e d from one s u b - c a s e to the n e x t . 

FAST ROD SEARCH 

In t h e f a s t r o d s e a r c h an i n t e r f a c e b e t w e e n two u n i f o r m a x i a l m a t e r i a l s i s 
p o s i t i o n e d s u c h t h a t t h e e i g e n v a l u e may be o b t a i n e d a r b i t r a r i l y c l o s e t o a 
d e s i r e d e i g e n v a l u e . The s e a r c h c o n s i s t s o f two d i s t i n c t s t a g e s : ( 1 ) 
i n c r e m e n t a l , i n w h i c h t h e i n t e r f a c e i s p o s i t i o n e d to the n e a r e s t g r o s s p l a n e 
boundary , and o p t i o n a l l y , ( 2 ) n o n - i n c r e m e n t a l . i n w h i c h the i n t e r f a c e i s 
p o s i t i o n e d to a n e x a c t a x i a l l o c a t i o n . The s e a r c h i s t e r m i n a t e d i f the r e q u i r e d 
p o s i t i o n h a s b e e n o b t a i n e d , the maximum number o f s e a r c h t r i e s h a s o c c u r r e d , o r 
i f no more moves c a n be made. 

A s i n g l e c o n t r o l e l e m e n t i s s p e c i f i e d a s i n the movable f u e l s e a r c h b y 
g i v i n g t h e t o p and b o t t o m a x i a l mesh p o i n t s w h i c h bound the e l e m e n t . These 
a x i a l mesh p o i n t s must be g r o s s p l a n e b o u n d a r i e s . S i n c e the mechanism o f the 
f a s t rod s e a r c h o p e r a t e s p r i m a r i l y o n a s i n g l e a x i a l i n t e r f a c e , the u s e r must 
s p e c i f y w h i c h o f t h e b o u n d a r i e s o f the c o n t r o l e l e m e n t ( t o p or b o t t o m ) 
d e s i g n a t e s t h e i n t e r f a c e . The p l a n a r e x t e n t o f t h e c o n t r o l e l e m e n t c a n c o n s i s t 
o f m u l t i p l e p i e c e s and i s d e s c r i b e d b y f i n a l f i g u r e s or p l a n a r r e g i o n s 
(>d i i chever c o r r e s p o n d s t o c o m p p o s t i o n s ) . 

Il ie a x i a l mesh must be c o n s t a n t i n the c o n t r o l e l e m e n t and t h r o u g h o u t t h e 
a x i a l s p a c e t h a t t h e e l e m e n t may move. In a d d i t i o n , t h e g r o s s p l a n e s and f i n e 
p l a n e s must c o n t a i n a c o n s t a n t number o f a x i a l meshes p e r b l o c k p l a n e t h r o u g h o u t 
the a x i a l s p a c e t h a t the e l e m e n t may move. I f f i n e b l o c k i n g , t h e r e must be a 
c o n s t a n t numl>er o f f i n e p l a n e s p e r g r o s s p l a n e t h r o u g h o u t t h i s same a x i a l s p a c e . 
To g u a r a n t e e t h a t the n o n - i n c r e m e n t a 1 p o r t i o n o f t h e s e a r c h w i l l be a b l e t o be 
p e r f o r m e d , t h e r e must be a t l e a s t one i n t e r n a l a x i a l mesh p o i n t i n e a c h 
i n v e n t o r y p l a n e t h r o u g h o u t the a x i a l s p a c e i n w h i c h the e l e m e n t w i l l move. That 
i s . i f a n o n - I n c r e m e n t a l move i s to be made to a p o s i t i o n w i t h i n a p a r t i c u l a r 
g r o s s p l a n e , t h a t g r o s s p l a n e must c o n t a i n an i n t e r n a l a x i a l p o i n t . The same I s 
t r u e f o r f l u e p l a n e s i n f i n e b l o c k e d p r o b l e m s . 

A x i a l moves a r e p e r f o r m e d b y e f f e c t i v e l y moving t h e s p e c i f i e d i n t e r f a c e and 
thus a l t e r i n g the a x i a l d i s t r i b u t i o n o f the two m a t e r i a l s . D u r i n g the 
i n c r e m e n t a l p o r t i o n o f t h e s e a r c h t h i s i n t e r f a c e i s moved o n l y to a x i a l p o i n t s 
w h i c h a r e g r o s s p l a n e b o u n d a r i e s . The i n t e r f a c e i s p e r m i t t e d to c r o s s s y n t h e s i s 
t r i a l f u n c t i o n z o n e b o u n d a r i e s d u r i n g the i n c r e m e n t a l s e a r c h . However, a 
s u b s t a n t i a l r u n t ime i n c r e a s e w i l l be o b s e r v e d f o r moves i n w h i c h a z o n e 
boundary i s c r o s s e d . 

Vhen the c l o s e s t I n c r e m e n t a l p o s i t i o n h a s b e e n o b t a i n e d , t h e 
n o n - i n c r e m e n t a l s e a r c h w i l l b e g i n i f I t h a s b e e n r e q u e s t e d . The i n t e r f a c e i s 
moved from i t s l a s t i n c r e m e n t a l p o s i t i o n ( a g r o s s p l a n e boundary) to a l o c a t i o n 
I n t e r n a l to a g r o s s p l a n e . The i n t e r f a c e i s a t t a c h e d to the a x i a l mesh p o i n t i n 
the g r o s s p l a n e vdi lch I s ( 1 ) n o t a g ^ o s s o r f i n e p l a n e b o u n d a r y , and ( 2 ) the 
c l o s e s t s u c h p o i n t a s p r e d i c t e d b y the c u r r e n t r o d w o r t h ( w h i c h may be the Input 
w o r t h i f no i n c r e m e n t a l moves h a v e b e e n d o n e ) . I f s u c h a f r e e p o i n t d o e s n o t 
e x i s t , the s e a r c h i s t e r m i n a t e d . 

Once a t t a c h e d t o s u c h a p o i n t , t h e i n t e r f a c e i s e f f e c t i v e l y moved to a n 
e x a c t a x i a l l o c a t i o n b y a l t e r i n g t h e a x i a l mesh s p a c i n g s above and b e l o w t h i s 
p o i n t ( b u t k e e p i n g t h e i r sum c o n s t a n t ) . Once a t t a c h e d to a p a r t i c u l a r f r e e 
p o i n t , the program w i l l c o n t i n u e t h e n o n - i n c r e m e n t a 1 p o r t i o n o f the s e a r c h b y 
a l l o w i n g the i n t e r f a c e t o move o n l y i n t h i s band s u b j e c t t o the r e s t r i c t i o n t h a t 
the m o d i f i e d a x i a l mesh s p a c i n g s n e v e r go b e l o w one one - h u n d r e d t h o f t h e 
c o n s t a n t a x i a l mesh i n t h e c o n t r o l e l e m e n t . 

A n o n - i n c r e m e n t a l move may n o t c r o s s a s y n t h e s i s t r i a l f u n c t i o n z o n e 
boundary . S h o u l d mov ing t h e i n t e r f a c e to t h e c l o s e s t f r e e p o i n t i n t h e g r o s s 
p l a n e r e s u l t i n the n e c e s s i t y t o c r o s s a t r i a l f u n c t i o n z o n e b o u n d a r y , t h i s z o n e 
boundary w i l l , i f p o s s i b l e , be moved b y t h e program w i t h i n the same g r o s s p l a n e 
to p e r m i t t h e move t o be made. 
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I n t h e c a s e i n w h i c h a n o n - i n c r e m e n t a l move i s p e r f o r m e d , i t s h o u l d be 
n o t e d t h a t a l t h o u g h t h e f l u x s o l u t i o n i s o b t a i n e d w i t h t h e i n t e r f a c e a t t h e 
e x a c t a x i a l p o s i t i o n , s u b s e q u e n t e d i t s w i l l be d o n e w i t h t h e m a c r o s c o p i c d a t a a t 
t h e l a s t I n c r e m e n t a l p o s i t i o n . S i m i l a r l y , t h e c o m p o s i t i o n c o r r e s p o n d e n c e s i n 
t h e g e o m e t r y d e s c r i p t i o n w i l l r e f l e c t t h e l a s t i n c r e m e n t a l p o s i t i o n . 

The m e c h a n i s m o f t h e f a s t r o d s e a r c h may b e e m p l o y e d t o p o s i t i o n t h e 
i n t e r f a c e t o a n e x a c t l o c a t i o n s p e c i f i e d b y t h e u s e r . S i m i l a r t o a n a c t u a l 
s e a r c h , s u c h a n i n i t i a l move i s p e r f o r m e d i n two p a r t s . The i n c r e m e n t a l p o r t i o n 
i s d o n e a f t e r d e p l e t i o n i f d e p l e t e - f i r s t i s d o n e , b u t p r i o r t o a n y o t h e r 
c a l c u l a t i o n p e r f o r m e d b y t h e p r o g r a m . I f t h e i n i t i a l move i s made o n l y t o t h e 

When t h e f a s t r o d s e a r c h i s c h o s e n , t h e p o i s o n s e a r c h c a n n o t b e u s e d . 

I n f o r m a t i o n p e r t a i n i n g t o t h e l a s t c o n d i t i o n of t h i s s e a r c h i s i n c l u d e d i n 
a n o u t p u t F i l e Manage r g e o m e t r y f i l e i f s u c h a f i l e i s s a v e d . T h e r e f o r e , i f 
f rom c a s e t o c a s e t h e s e a r c h i n i t i a l s t a t e i s t o be t h a t o f t h e f i n a l s t a t e I n a 
p r e v i o u s c a s e , a n o u t p u t F i l e Manage r g e o m e t r y f i l e mus t be s a v e d and t h a t f i l e 
mus t t h e n b e i n p u t t o t h e n e x t c a s e . D u r i n g s u b - c a s e e x e c u t i o n , s u c h 
I n f o r m a t i o n i s a u t o m a t i c a l l y c a r r i e d f rom one s u b - c a s e t o t h e n e x t . 
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6 . 4 . FEEDBACKS: POISON SEARCH 

The POISON SEARCH p r o v i d e s a c a p a b i l i t y t o f r a c t i o n a l l y v a r y t h e 
c o n c e n t r a t i o n o f one p a r t i c u l a r n u c l i d e i n e a c h g r o s s b l o c k w h i c h c o n t a i n s t h a t 
n u c l i d e t o o b t a i n some d e s i r e d r e a c t i v i t y . T h i s n u c l i d e i s g i v e n no s p e c i a l 
t r e a t m e n t b y t h e c r o s s s e c t i o n g e n e r a t i o n o r d e p l e t i o n s e c t i o n s o f t h e p r o g r a m . 
T h u s , t h e c o n c e n t r a t i o n o f t h i s n u c l i d e may v a r y , i n i t s i n i t i a l s t a t e , b y 
c o m p o s i t i o n ( c a r d i n p u t ) a n d / o r b y g r o s s b l o c k ( d e p l e t i o n ) , and h a v e a n y 
a l l o w a b l e c r o s s s e c t i o n e f f e c t d e s i r e d . I n a d d i t i o n , t h e i n i t i a l s t a t e o f t h i s 
n i c l i d e may be z e r o I n some c o m p o s i t i o n s . Of c o u r s e , i f t h e n u c l i d e i s z e r o 
e v e r y w h e r e t h e r e c a n be no v a r i a t i o n b y t h i s s e a r c h s i n c e t h e c o n c e n t r a t i o n i s 
f r a c t i o n a l l y c h a n g e d . 

The s e a r c h a s s u m e s a n i n i t i a l g u e s s o f u n i t y f o r t h e f r a c t i o n a l m u l l i p l i e r 
o f t h e n u c l i d e c o n c e n t r a t i o n . The i n p u t s u p p l i e s a n i n i t i a l g u e s s f o r t h e 
( a s s u m e d l i n e a r ) v a r i a t i o n o f t h e e i g e n v a l u e due t o a c h a n g e i n t h e f r a c t i o n a l 
m u l t i p l i e r ( w o r t h ) . B o t h t h e f r a c t i o n v a l u e and t h e w o r t h a r e u p d a t e d e a c h 
s e a r c h t r y u n t i l t h e c o m p u t e d e i g e n v a l u e s a t i s f i e s a n i n p u t s p e c i f i e d 
" c l o s e n e s s * c r i t e r i o n , o r u n t i l t h e s p e c i f i e d maximum n u m b e r o f s e a r c h t r i e s 
h a v e b e e n d o n e , w h i c h e v e r o c c u r s f i r s t . 

F o r e a c h c a s e , t h e i n i t i a l f r a c t i o n v a l u e i s s e t t o u n i t y b u t i f a n i n p u t 
F i l e K b n a g e r g e o m e t r y f i l e i s p r e s e n t , t h e i n i t i a l w o r t h i s t a k e n f rom t h a t f i l e 
and n o t f rom c a r d i n p u t . F o r e a c h s u b - c a s e , t h e i n i t i a l w o r t h u s e d i s t h a t f rom 
t h e p r e v i o u s s u b - c a s e and t h e i n i t i a l f r a c t i o n v a l u e i s u n i t y . 

Vhen t h e p o i s o n s e a r c h i s c h o s e n . t h e r e c a n n o t e x i s t m u l t i p l e 
c o n f i g u r a t i o n s i n t h e p r o b l e m and no o t h e r c o n t r o l s e a r c h c a n b e u s e d . 

I n f o r m a t i o n p e r t a i n i n g t o t h e l a s t c o n d i t i o n o f t h i s s e a r c h i s i n c l u d e d i n 
a n o u t p u t F i l e Manager g e o m e t r y f i l e i f s u c h a f i l e i s s a v e d . T h e r e f o r e , i f 
f rom c a s e t o c a s e t h e s e a r c h i n i t i a l s t a t e I s t o b e t h a t o f t h e f i n a l s t a t e i n a 
p r e v i o u s c a s e , a n o u t p u t F i l e Manage r g e o m e t r y f i l e m u s t be s a v e d and t h a t f i l e 
must t h e n b e i n p u t t o t h e n e x t c a s e . D u r i n g s u b - c a s e e x e c u t i o n , s u c h 
i n f o r m a t i o n i s a u t o m a t i c a l l y c a r r i e d f rom one s u b - c a s e t o t h e n e x t . 
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6 . 5 . FEEDBACKS: THERMAL FEEDBACK 

The p r o c e d u r e c a l l e d TBERMAL FEEDBACK p r o v i d e s t h e c a p a b i l i t y t o c o m p u t e a 
s p a t i a l f l u x d i s t r i b u t i o n w h i c h i s c o n s i s t e n t w i t h t h e s p a t i a l d i s t r i b u t i o n o f 
f u e l t e m p e r a t u r e , m o d e r a t o r t e m p e r a t u r e , and m o d e r a t o r d e n s i t y . T h i s f e e d b a c k 
p r o c e d u r e c o n s i s t s o f f i r s t c a l c u l a t i n g t h e power d i s t r i b u t i o n a s s u m i n g some 
t e m p e r a t u r e a n d d e n s i t y d i s t r i b u t i o n a n d t h e n c a l c u l a t i n g t e m p e r a t u r e and 
d e n s i t y d i s t r i b u t i o n s b y g r o s s b l o c k b a s e d on t h i s power d i s t r i b u t i o n . A new 
power d i s t r . b u t i o n i s t h e n c a l c u l a t e d u s i n g t h e l a t e s t t e m p e r a t u r e a n d d e n s i t y 
d i s t r i b u t i o n . T h i s p r o c e s s i s c o n t i n u e d u n t i l a s p e c i f i e d maximum number o f 
t h e r m a l c a l c u l a t i o n s h a s b e e n c o m p l e t e d o r u n t i l some c o n v e r g e n c e c r i t e r i o n I s 
s a t i s f i e d . w h i c h e v e r o c c u r s f i r s t . The c r i t e r i o n m e a s u r e d i s t h e maximum 
r e l a t i v e c h a n g e b e t w e e n I t e r a t e s o f one o f t h e ( i n p u t s p e c i f i e d ) t h r e e 
q u a n t i t i e s b e i n g c o m p u t e d . 

The s p e c i f i c a t i o n s f o r t h e t h e r m a l c a l c u l a t i o n s p e r f o r m e d b y t h e p r o g r a m 
a r e g i v e n I n R e f e r e n c e 1 4 . T h o s e s p e c i f i c a t i o n s h a v e b e e n s l i g h t l y e x t e n d e d a s 
n o t e d l a t e r i n t h i s s e c t i o n . The r e f e r e n c e s p e c i f i e s a me thod of o b t a i n i n g t h e 
f u e l t e m p e r a t u r e , m o d e r a t o r t e m p e r a t u r e , a n d m o d e r a t o r d e n s i t y when t h e power 
d i s t r i b u t i o n i s known. The power d i s t r i b u t i o n r e s u l t s f rom s o l v i n g t h e s p a t i a l 
f l u x p r o b l e m and c o m b i n i n g t h i s f l u x w i t h a s p a t i a l d i s t r i b u t i o n o f t h e c r o s s 
s e c t i o n s . The f u n d a m e n t a l a s s u m p t i o n i n t h e t h e r m a l s o l u t i o n i s t h a t t h e 
m o d e r a t o r f l o w i n t h e c o r e i s known and i s i n d e p e n d e n t of t h e power 
d i s t r i b u t i o n . The t h e r m a l c a l c u l a t i o n s a r e c o u p l e d t o t h e r e a c t o r d i f f u s i o n -
d e p l e t i o n c a l c u l a t i o n t h r o u g h t h e power d i s t r i b u t i o n and t h e d e p l e t i o n o f t h e 
fuel , which influences the thermal c L d u c t i v i t y of the fuel ma te r i a l . The 
moderator temperature and density are calculated for each gross block in the 
core since theflow rate and power generation in that block are known. The fuel 
temperature is then calculated after the moderator temperature has been 

d%^*u:rforIhSrL\ebr r^:;aL^Ud^o:?:J red^^oii!̂  in t"̂  ̂ '"— -"^ 
The program will accomodate one, one and one-half, and two-pass cores. A 

one and one-half pass core Is one In which part of the flow leaving the first 
pass goes directly to the outlet, and the remainder Is returned for a second 
pass through the core. The inlet temperature is specified for all non 
second-pass tracks (a thermal - hydraulic track, not to be confused with the 
input geometry "track* label, will be defined later in this section). The inlet 
enthalpy to the second pass is calculated as the average outlet enthalpy from 
those first pass tracks whose flow is returned for a second pass. 

Any geometry in the program which explicitly exhibits the axial direction 
may be chosen. These geometries include one - dimensional slab (rectangular), 
two - dimensional cylindrical (R-Z), and three - dimensional (any radial 
geometry, either explicit or synthesis). The direction of enthalpy rise (flow 
direction) is optional so that point, line, or plane zero (1-D, 2-D, or 3-D 
respectively) may be chosen as the top or the bottom of the core, whichever Is 
more convenient. The power is calculated for each gross block and thus the 
temperatures and density are calculated for these same blocks. For each block, 
the thermal calculation is performed at one axial level; then, the enthalpy 
from the top of that block is assumed to be the enthalpy at the bottom of the 
block in the same track at the next level. 

A thermal - hydraulic track is a radial area of the core which runs through 
the entire axial dimension. Thus a track Is coiiq>osed of many pieces, called 
levels, all having a common radial shape. At any one level, a track element is 
a gross block. Thus, In one dimension there Is only one track and the track 
elements are mesh elements which are the gross blocks. 

In two dimensions, tracks are defined by the extension axially of all 
vertical figure - region interfaces and track levels are defined by the 
extension of all horizontal figure - region interfaces. Thus, track elements 
are gross blocks which are rectangular in shape. This process of extending all 
figure - region interface lines is called rectangular blocking and is 
automatically performed by the program for R-Z geometry. 

In three - dimensions, the radial definition of a track is a unique figure 
- region pair. The height of the track element at any one level is the gross 
plane height at that level. Tlius, again, a track element Is a gross block. 
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l l i e t e m p e r a t u r e s and d e n s i t y a r e r e p r e s e n t e d i n t h e program a s n u c l i d e 
c o n c e n t r a t i o n s . These p a r t i c u l a r " n u c l i d e s " p o s s e s s a s p a t i a l d i s t r i b u t i o n , 
t h e n , n o t a s the r e s u l t o f a d e p l e t i o n c a l c u l a t i o n , but a s t h e r e s u l t o f a 
thermal c a l c u l a t i o n . S i n c e the HARMONY c r o s s s e c t i o n c a l c u l a t i o n s do n o t t r e a t 
t h e s e p s e n d o n u c l i d e s i n a n y s p e c i a l way, t h e s e " c o n c e n t r a t i o n s " may have the 
same k i n d o f e f f e c t on m a c r o s c o p i c c r o s s s e c t i o n s , m i c r o s c o p i c c r o s s s e c t i o n s , 
and s e l f - s h i e l d i n g f a c t o r s a s a n y o t h e r n u c l i d e c o n c e n t r a t i o n . That i s , t h e s e 
pseudo c o n c e n t r a t i o n s may be a s s i g n e d m i c r o s c o p i c c r o s s s e c t i o n s and 
s e l f - s h i e l d i n g f a c t o r s , a n d / o r t h e y may s e r v e a s a n i n d e p e n d e n t v a r i a b l e i n a n y 
k i n d o f i n t e r p o l a t i o n t a b l e . In o r d e r t h a t t h e s e t e m p e r a t u r e s and d e n s i t i e s 
have some e f f e c t o n t h e s p a t i a l d i s t r i b u t i o n o f the p o w e r , t h e n , a n u c l i d e c h a i n 
f o r e a c h ( u s u a l l y o f the form d N / d t = 0) must be a s s i g n e d to e a c h a p p r o p r i a t e 
c o m p o s i t i o n s o t h a t c r o s s s e c t i o n d e p e n d e n c y c a n be e s t a b l i s h e d . The 
c o n c e n t r a t i o n s r e p r e s e n t i n g t h e s e t e m p e r a t u r e s and d e n s i t i e s have the f o l l o w i n g 
form. 

( 1 ) F u e l Temperature " n u c l i d e * N(Tf) - r e p r e s e n t e d a s the s q u a r e r o o t o f the 

t e m p e r a t u r e In d e g r e e s F a h r e n h e i t . 

( 3 ) Moderator D e n s i t y " n u c l i d e " N(Rho) - r e p r e s e n t e d a s t h e c a l c u l a t e d h y d r o g e n 
d e n s i t y minus the r e f e r e n c e h y r o g e n d e n s i t y . 

In e a c h c a s e , the r e f e r e n c e v a l u e i s u s e r s p e c i f i e d b y c o m p o s I t i o n . The pseudo 
n u c l i d e N(Rho) s h o u l d be e x p l a i n e d i n more d e t a i l . The m o d e r a t o r d e n s i t y 
c a l c u l a t i o n n e v e r e x p l i c i t l y c a l c u l a t e s t h e a c t u a l h y d r o g e n d e n s i t y . I n s t e a d . 

A b r i e f d e s c r i p t i o n o f some methods f o r u t i l i z i n g t h e s e pseudo 
c o n c e n t r a t i o n s to o b t a i n the d e s i r e d e f f e c t on c r o s s s e c t i o n b e h a v i o r i s g i v e n 
i n R e f e r e n c e 12 . 

U t i l i z i n g a s p e c i f i e d s y s t e m p r e s s u r e , the program o b t a i n s a l l a p p r o p r i a t e 

^rue i rru i i rco i s '^rntTur ir thr^ i i? ;^ fe^;eb^:r;ri^:;s.^^ •'-*^" ^^^-'^e 

optioSn^'I::Iud:J ii-^ie reU.lil\airnS^dl. o?n T.t-Jll, it^eVL.TtXor^l 
pseudo n u c l i d e s r e p r e s e n t i n g the maximum fuel cen ter l i n e temperature over 

The changes to the s p e c i f i c a t i o n s in Reference 14 as iii«>>emented in the 
program are as f o l l o w s . The fue l element temperature c a l c u l a t i o n has been 
modified to a l l o w the fue l c o n d u c t i v i t y to be input in tab le form as a func t ion 
of fue l temperature and d e p l e t i o n . Gap conductance i s a l s o input in tab le form 
but as a f u n c t i o n of heat f l u x and d e p l e t i o n . The turbulent mixing treatment 
has been modified to a l l o w a more s imple input d e s c r i p t i o n . V i t h the e x c e p t i o n 
of the turbulent mixing terms ( turbu len t mixing i s al lowed o n l y In R-Z 
geometry) , a l l f low i s assumed to be in the a x i a l d i r e c t i o n . This l a t e r 
r e s t r i c t i o n i s in c o n t r a s t to the referenced s p e c i f i c a t i o n in which cross f low 
was permit ted . In a d d i t i o n , the f low i s input per un i t area ( I h / h r - s q f t ) 
instead of t o t a l f low ( I b / h r ) . It i s important to note that the area in such 
va lues are the nuclear d e s i g n homogenized a r e a , not the a c t u a l f low area . A l so , 
the equat ions to determine the fue l temperature have been modif ied s l i g h t l y to 
a l l o w a non-zero gap between the f u e l and the c l a d . If fue l rod c lad shrlnkage 
i s be ing c a l c u l a t e d , the gap conductance i s no longer obtained from 
i n t e r p o l a t i o n of input data but ra ther Is c a l c u l a t e d d i r e c t l y by the program in 

S^dira"r*'leS^?itS;e I^h^^'erilllal-I"rS; i^SerStonrmpTiiJure^J'^acraxlJl 
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6.6. FEEDBACKS: XENON FEEDBACK 
llie procedure called XENON FEEDBACK provides the capability to compute a 

spatial flux distribution vdiich is consistent with the spatial distribution of 
equilibrium concentrations of the iodine and xenon nuclides. This feedback 
procedure consists of first calculating the power normalized flux distribution 
assuming some iodine and xenon distribution and then calculating asymptotic 
iodine and xenon distributions by gross block based on this power normalized 
flux distribution. A new power normalized flux distribution is then calculated 
using the latest iodine and xenon distribution. This process is continued until 
a specified maximum number of xenon calculations has been completed or until 
some convergence criterion is satisfied, whichever occurs first. The criterion 
measured is the maximum relative change between iterates of the xenon 
concentratIon. 

•The input request for this feedback Identifies the nuclides iodine and 
xenon. The program obtains all required cross sections, fractional yield terms, 
and decay terms from the input table set data and depletion .chain 
specifications. Thus, the problem must be depletable and the fission product 
chain for iodine and xenon must be included. Any type of geometry is allowed 
with this feedback and the spatial calculation may be either explicit or 
synthes is. 

The equations solved are the asymptotic solutions to the iodine and xenon 
equations; that is, the time interval is set to infinity in the solution of the 
iodine and xenon equations. The convergence of this feedback process may be 
improved by the use of an input extrapolation factor E. This factor is used to 
combine two successive xenon iterates in an attempt to reduce the probability of 
calculational flux - xenon spatial instability. The xenon concentrations are 
extrapolated each feedback try by setting the xenon distribution to E times the 
latest computed distribution plus 1 - E times the previous distribution. 

If in some block the sum of the decay plus absorption for either iodine or 
xenon is zero, those two isotopes are not changed in that block. 
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6.7. FEEDBACKS: SEARCH AND FEEDBACK STRATEGY 
Three types of control searches to obtain 'a specified reactivity are 

available in the program: (1) one - dimensional multi - configuration search, 
(2) poison search, and (3) two - dimensional or three - dimensional movable fuel 
or control rod search. The first tyi>e of search is available only in one -
dimensional problems; the second type of search is available In any depletabie 
problem; and the third type of search is available in two - dimensional 
cylindrical (R-Z) geometry or any three - dimensional problem. These control 
searches are mutually exclusive: only one type of control search is allowed in 
a given case. 

Thermal feedback is available in depletable problems whose geometry is 
either one - dimensional slab, two - dimensional cylindrical, or three -
dimenslona1. 

Xenon feedback Is available in any depletable problem. 
Any one type of control search, thermal feedback, and xenon feedback may be 

utilized separately or they may occur simultaneously in any combination. Both 
three - dimensional synthesis and explicit spatial calculations may be utilized 
with these searches and feedbacks. 

In general, all searches and feedbacks proceed simultaneously; that Is, 
for each spatial calculation, a new control prediction (if any) is made,'a new 
thermal calculation (if any) is performed, and a new equilibrium xenon 
calculation (if any) is performed. Since two and three - dimensional explicit 
spatial calculations may be very time - consuming, each control search and 
feedback allows the input of a flux sub - convergence criterion. This allows 
searches and feedbacks to operate on fluxes and eigenvalues which are not 
necessarily as converged as those finally computed after the feedbacks and 
searches are terminated. Since the eigenvalue usually converges much faster 
than the flux, and since the feedbacks require the flux averaged over rather 
gross (relative to the polntwlse mesh) blocks. It is not always necessary to 
converge the spatial iterations tightly during the search and feedback 
processes. The minimum (if more than one) of the search and feedback sub -
convergence criteria is used to converge the spatial solution before attempting 
to use the spatial results for search or feedback processes. 

The program forces the following order of convergence on the searches and 
feedbacks: control search to the nearest (axial) discrete position, then 
thermal feedback, then xenon feedback. This order is maintained even if, for 
example, the xenon feedback convergence criterion is satisfied before the 
thermal convergence criterion. However, if the maximum specified number of 
tries has been completed, that feedback or search Is treated as converged 
regardless of order. 

Certain special exceptions to the order of the search - feedback 
convergence process exist. Since the multi - configuration control search 
exists only for one - dimensional problems and the spatial calculation is thus 
relatively fast, when this control search has converged it is put into a "hold" 
condition so that the other feedback processes can converge. After the other 
feedback processes have converged, the temperatures, moderator density, iodine, 
and xenon are held constant at their converged values and the control search is 
agaln activated so that the specified reactivity is guaranteed. 

The movable fuel search in two - dimensions and the control rod search in 
three - dimensional synthesis problems both have a unique characteristic with 
respect to convergence order. If an "exact" search is specified, the control 
search is converged to the nearest (axial) incremental position (mesh row in 
2-D, gross plane in 3-D), then t'he feedbacks are allowed to converge, and then 
the non - incremental "exa^t" search is converged holding the temperatures, 
moderator density, iodine, and^xenon constant at their converged values. 

Another exception to the order of convergence is that the poison search Is 
not permitted to converge prior to the feedbacks. 

Again, for all of these special cases. If the specified number of tries has 
been completed, that feedback or search is terminated and treated as converged 
independent of the convergence of other searches and feedbacks. 
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7 . 1 . FILE MANAGER FILES: INTRODUCTION 

The program w i l l r e a d ( r e t r i e v e ) e i g h t d i f f e r e n t f i l e t y p e s a s i n p u t F i l e 
l&nager f i l e s : c a r d i m a g e s , HARMONY t a b l e s e t s , p o l n t w l s e f l u x , c o n c e n t r a t i o n s , 
g e o m e t r y , i n t e g r a t e d f l u x , s y n t h e s i s I n t e g r a l l i b r a r y , and q u a d d r l a t e r a l 
f i g u r e s . In a d d i t i o n , the program w i l l w r i t e ( s t o r e ) e l e v e n d i f f e r e n t f i l e 
t y p e s a s o u t p u t F i l e Manager f i l e s : p o l n t w l s e f l u x , c o n c e n t r a t i o n s , p a r t i t i o n 
p o w e r , e d i t I n t e g r a l s , g e o m e t r y , g r o s s b l o c k power , i n t e g r a t e d f l u x , s y n t h e s i s 
m i x i n g c o e f f i c i e n t s , s y n t h e s i s I n t e g r a l l i b r a r y , f i n e b l o c k power , and 
q u a d r i l a t e r a l f i g u r e s . A l l i n p u t f i l e s a r e r e t r i e v e d d u r i n g input p r o c e s s i n g 
f o r e a c h c a s e and a comment i s added to the p r i n t e d o u t p u t a f t e r e a c h f i l e h a s 
b e e n s u c c e s s f u l l y r e a d . Output f i l e s a r e a l l s a v e d a t the v e r y end o f a c a s e o r 
s u b - c a s e and a comment i s added to t h e p r i n t e d o u t p u t a f t e r e a c h f i l e h a s b e e n 
s u c c e s s f u l l y w r i t t e n . 

There a r e s e v e r a l u s e s f o r s u c h "permanent" f i l e s . Some f i l e s a r e f o r 
c o n v e n i e n c e u s e o n l y w h i l e o t h e r s may be r e q u i r e d f o r c o n t i n u i n g the c a l c u l a t i o n 
a t a l a t e r t ime o r f o r i n d e p e n d e n t p o s t - p r o c e s s i n g o f the d a t a f i l e s produced 
by the program. For e x a m p l e , the program c a n a c c e p t a F i l e Manager f i l e f o r 
c a r d image i n p u t d a t a a s w e l l a s a f i l e o f HARMONY c r o s s s e c t i o n s , n e i t h e r o f 
w h i c h i s w r i t t e n b y the program. F u r t h e r , q u a n t i t i e s s u c h a s f l u x e s and 

'iTV^a^^ ctiif a'ihi:^%"i:iitnr IT \z^ rmonr: :^i:si*!i:ii'^canilf ie 
accomplished by Including input i n s t r u c t i o n s vdiich cause such information to be 
s tored as F i l e Manager output f i l e s in one case and r e t r i e v e d in a l a t e r c a s e , 
or by the use of s u b - c a s e s . In a s i m i l a r fa sh ion , two - dimensional f l u x 
s o l u t i o n s or ind iv idua l p lanes from a three - dimensional f lux s o l u t i o n serve as 
the " t r i a l funct ions" for three - dimensional s y n t h e s i s s o l u t i o n s ; these f l u x 
s o l u t i o n s must be generated s e p a r a t e l y , saved as F i l e Manager output po lntwlse 
f lux f i l e s , and r e t r i e v e d in the s y n t h e s i s problem. F i n a l l y , the program can be 
',r^lVnl\dn iZi'^a/.illr Se^!rpo:r?^o^^*s:i^"^u;'^iSfc^r"rL^ter'•tl*' b̂  
used as Input f i l e s to t h i s program. 

Permanent f i l e s are s tored and r e t r i e v e d through the F i l e Ibnager system 
descr ibed in Reference 1. B r i e f l y , t h i s system permits a program to process 
f i l e s in terms of t h e i r l o g i c a l s t r u c t u r e , w i th no knowledge of the p h y s i c a l 
format of the f i l e s requ ired . F i l e proces s ing i s a l s o independent of the 
phys i ca l dev ice used for the permanent r e t e n t i o n of the f i l e . 

Three l e v e l s of i d e n t i f i c a t i o n are a s s o c i a t e d wi th each f i l e : the in teger 
VERSION number and an alphanumeric SYNONYM of up to ten characters both suppl i ed 
as input by the user , and an Integer DATA TYPE number suppl ied by the program. 
F i l e s created in d i f f e r e n t c a s e s or sub-cases of the same Job are u s u a l l y 
d i s t i n g u i s h e d by v e r s i o n number and f i l e s crea ted in the same case or sub-case 
are d i s t i n g u i s h e d by data type number. The synonym i s s imply a temporary 
i d e n t i f i e r which s tands for a l l o ther i d e n t i f i c a t i o n s required by the F i l e 
Management sys tem. 

An a l t e r n a t e method of s a v i n g f i l e s i s provided which a l lows a grouping of 
f i l e s wi th d i f f e r e n t data types to be w r i t t e n as a s i n g l e SECTTIONED f i l e . Any 
f i l e type may be w r i t t e n s e p a r a t e l y as a stand - alone f i l e or i t may be 
combined wi th any other f i l e t ype ( s ) as a s e c t i o n e d f i l e , but any one f i l e type 
may be w r i t t e n o n l y once w i t h i n a s i n g l e case or s u b - c a s e . I fo l t lp l e s e c t i o n e d 
f i l e s a long wi th mul t ip le stand - a lone f i l e s may be w r i t t e n In any one case or 
s u b - c a s e . Al l s e c t i o n e d f i l e s have the same data type ( 2 5 0 ) . The content of 
each s e c t i o n in a s e c t i o n e d f i l e i s w r i t t e n e x a c t l y as a stand - alone f i l e , 
inc luding header s e t ( 8 ) , for the appropriate f i l e type . Each s e c t i o n i s a 
"named" s e c t i o n whose s e c t i o n name i s the three character alphanumeric 
equ iva len t of the p a r t i c u l a r data type. For example, i f the po lntwlse f l u x 
(data type 220) were saved In a s e c t i o n e d f i l e , the name of the s e c t i o n 
c o n t a i n i n g t h i s data would be an alphanumeric "220". The program input i s the 
same whether s e c t i o n e d f i l e s or*^ s tand - alone f i l e s Le*wr i t t en . The F i l e 
Manager s t o r e - d i r e c t i v e s are scanned f i r s t for a stand - alone f i l e d i r e c t i v e 
( the appropriate v e r s i o n number. synonym, and data type) ; 1f not found, the 

rsiLgi^-^t^ii ! l t ;c i f m^:iT:HorjLtj^rtidrsi;rt^:r:£^^ 
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p r e p a r e d to r e a d a s a n i n p u t F i l e Ifanager f i l e e i t h e r a s t a n d - a l o n e or a 
s e c t i o n e d f i l e f o r a n y f i l e d a t a type ( i n c l u d i n g t h o s e n o t w r i t t e n b y the 
program) and s c a n s t h e F i l e Manager f i l e s p r e s e n t i n e x a c t l y t h e same way a s 
d e s c r i b e d f o r w r i t i n g o u t p u t f i l e s : s t a n d - a l o n e f i r s t , t h e n s e c t i o n e d f i l e s . 
A g a i n , the program i n p u t i s the same w h e t h e r s e c t i o n e d f i l e s or s t a n d - a l o n e 
f i l e s a r e r e a d . 

Host o f t h e i n p u t F i l e Manager f i l e s a r e r e q u i r e d t o p a s s c e r t a i n 
c o i i q > a t a b i l i t y c h e c k s w i t h r e s p e c t to the c u r r e n t p r o b l e m d e s c r i p t i o n . These 
c h e c k s a r e made i n o r d e r t o a s s u r e t h a t the f i l e s w i l l be a t l e a s t m e e h a a i c a l l y 
c o r r e c t . The f o l l o w i n g i s a l i s t o f s u c h c o m p a t a b i 1 1 t y c h e c k s made b y the 
program. 

( 1 ) P o l n t w l s e F l u x F i l e 

( a ) The number o f c o l u m n s and rows i n t h e f i l e must be t h e same a s i n the 
c u r r e n t p r o b l e m d e s c r i p t i o n . 

( b ) The number o f p l a n e s i n the f i l e must be t h e same a s In the c u r r e n t 

be Ini^donM^ihlcrcase l t ^ f i l e t^ ; '^c^?a iH I the"r l IC "curienla^LZbil 
oi p l a n e s oi; one p l a n e . 

( c ) The number o f g r o u p s i n the f i l e must be a t l e a s t a s l a r g e ^s the number 
o f s o l u t i o n g r o u p s i n the c u r r e n t p r o b l e m d e s c r i p t i o n . 

( 2 ) C o n c e n t r a t i o n F i l e 

(a) If the current problem is fine blocked, there must be the same number of 
per plane 

concentration expansion is being used. If gross to fine expansion i 
fine blocks per plane and the same number of fine blocked nuclides in 
the file as in the current problem description unless the gross to fine 

there must be tl 
imber of flue blc 
•Iption unless tl 

being performed, the input concentration file must be gross blocked 
only. 

(b) There must be the same nundter of gross blocks per plane and the same 
number of (gross blocked) nuclides In the file as in the current problem 
description. 

( c ) There must be the same number o f gross p l a n e s In the f i l e a s i n the 

ir£e?VSoni''Tn*'whtci**cise ?hie?Ue *;^;***^S1atrMtiire"the^^'ci^rin? 
number o f g r o s s p l a n e s o r one g r o s s p l a n e . 

( d ) I f the c u r r e n t p r o b l e m I s f i n e b l o c k e d , t h e r e must be the same number o f 
f i n e p l a n e s i n t h e f i l e a s In the c u r r e n t p r o b l e m d e s c r i p t i o n w i t h two 
e x c e p t i o n s . I f a t w o - d i m e n s i o n a l " s l i c e " c a l c u l a t i o n i s b e i n g done the 
f i l e may c o n t a i n e i t h e r t h e c u r r e n t number o f f i n e p l a n e s o r one f i n e 
p l a n e . I f g r o s s t o f i n e c o n c e n t r a t i o n e x p a n s i o n i s b e i n g u s e d t h e f i l e 
mnst be g ^ o s s b l o c k e d o n l y . 

( 3 ) Geometry F i l e 

( a ) The g e o m e t r y " t y p e * ( r e c t a n g u l a r , h e x a g o n a l , . . . ) i n the f i l e must be 
t h e same a s i n the c u r r e n t p r o b l e m d e s c r i p t i o n . 

( b ) The number o f c o l u m n s , r o w s , and p l a n e s i n t h e f i l e must be the same a s 
i n t h e c u r r e n t p r o b l e m d e s c r i p t i o n . 

( c ) I f the g e o m e t r y t y p e i s h e x a g o n a l , the v a l u e o f DIA6 ( t h e column number 

f i l e must a l s o be r o t a t i o n a l symmetry . 
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( f ) If the current problem Is f i n e blocked, the geometry f i l e must a l s o be 
f ine b locked. 

the same as In the current problem d e s c r i p t i o n . 

(4> Integrated Flux F i l e 

(a) The number of groups in the f i l e must be the same as in the current 
problem d e s c r i p t i o n . 

( c ) There must be the same number of gross b locks per plane in the f i l e as 
in the current problem d e s c r i p t i o n . 

(d) There must be the same number of gross p lanes in the f i l e as in the 

isTTng'^Soni^Tn^^lci^'case ?Sie?! le * : ^ ; ' * ' ^ S ? i : i r M t i i r *the^^'ci^rln? 
number of gross p lanes or one gross p lane . 

(5 ) S y n t h e s i s Integra l Library F i l e 

(a ) The number of gros s b locks per plane in the f i l e must be the same as in 
the current problem d e s c r i p t i o n . 
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7 . 2 . FILE MANAGER FILES: A(:»:ESS TO FILE MANAGER FILES 

To f a c i l i t a t e the p r o c e s s i n g o f d a t a c o n t a i n e d i n the o u t p u t F i l e Ifonager 
f i l e s . S e c t i o n s 7 . 3 - 7 . 1 3 c o n t a i n d e t a i l e d d e s c r i p t i o n s o f the p o l n t w l s e f l u x , 
c o n c e n t r a t i o n s , p a r t i t i o n power , e d i t i n t e g r a l ^ , g e o m e t r y , g r o s s b l o c k power . 
I n t e g r a t e d f l u x , s y n t h e s i s m i x i n g c o e f f i c i e n t s , s y n t h e s i s i n t e g r a l s , f i n e b l o c k 
power , and q u a d r i l a t e r a l f i g u r e f i l e s . T h i s S e c t i o n c o n t a i n s g e n e r a l 
I n f o r m a t i o n r e q u i r e d f o r t h e p r o c e s s i n g o f a n y o f t h e s e f i l e s and d e f i n e s the 
sy idbol s u s e d i n d e s c r i b i n g t h e s e f o r m a t s . 

Each o f the f i l e " t y p e s " i s d i s t i n g u i s h e d b y a u n i q u e DATA TYPE w h i c h i s 
g i v e n i n the d e s c r i p t i o n o f the f i l e . A l t e r n a t i v e l y , a g r o u p i s g o f f i l e s w i t h 
d i f f e r e n t d a t a t y p e s may be w r i t t e n a s a s i n g l e SECTIONED f i l e . That i s , a n y 
f i l e type may be w r i t t e n s e p a r a t e l y a s a s t a n d - a l o n e f i l e o r I t may be 
combined w i t h a n y o t h e r f i l e t y p e ( s ) a s a s e c t i o n e d f i l e . A l l s e c t o o n e d f i l e s 
have the s a n e d a t a type ( 2 5 0 ) . The c o n t e n t o f e a c h s e c t i o n In a s e c t i o n e d f i l e 
i s w r i t t e n e x a c t l y a s a s t a n d - a l o n e f i l e , i n c l u d i n g h e a d e r s e t ( s ) , f o r the 
a p p r o p r i a t e f i l e t y p e . Each s e c t i o n i s a "named" s e c t i o n wdiose s e c t i o n name i s 
the t h r e e c h a r a c t e r a l p h a n u m e r i c e q u i v a l e n t o f t h e p a r t i c u l a r d a t a t y p e . For 
e x a m p l e , i f t h e p o i n t w i s e f l u x ( d a t a t y p e 2 2 0 ) were s a v e d i n a s e c t i o n e d f i l e , 
the name o f t h e s e c t i o n c o n t a i n i n g t h i s d a t a would be an a l p h a n u m e r i c "220" . 

A s i n g l e r o u t i n e , c a l l e d FMG ( R e f e r e n c e 1 ) , I s u s e d b y the program f o r a l l 
c o m m u n i c a t i o n s w i t h the F i l e I fonager , b o t h f o r r e a d i n g and w r i t i n g t h e s e f i l e s . 
F i l e Manager f i l e s a r e s u b d i v i d e d i n t o s e t s o f d a t a , and the s e t s t r u c t u r e o f a 
f i l e i s f u n d a m e n t a l t o i t s p r o c e s s i n g . Two d i f f e r e n t s e t s t r u c t u r e s a r e 
p r o v i d e d b y the F i l e Manager and e a c h I s u s e d f o r one or more o f t h e o u t p u t 
f i l e s . In t h e f i r s t s t r u c t u r e , the s e t s i z e i s c o n s t a n t and the t o t a l number o f 
s e t s i s known i n a d v a n c e . The s e t s i z e and number o f s e t s a r e t h e n g i v e n to the 
F i l e t ^ n a g e r b e f o r e t h e f i l e i s w r i t t e n and a r e r e t u r n e d b y the F i l e I b n a g e r 
b e f o r e the f i l e i s r e a d . In the s e c o n d s t r u c t u r e , the s e t s i z e i s v a r i a b l e i n 
w h i c h c a s e i t i s assumed the number o f s e t s i s n o t known. H e r e , t h e s i z e o f 
e a c h s e t must be g i v e n to the F i l e Manager a s the s e t i s w r i t t e n and i s r e t u r n e d 
by the F i l e Manager a s the s e t i s r e a d . In t h i s c a s e the number o f s e t s g i v e n 
to the F i l e Manager and r e t u r n e d b y the F i l e Manager i s z e r o . The w r i t i n g 

f ^ S f c ' a ^ e - ^ o t t i e ' i e ^ ^ l L f ; r ^ i * a S ^ ^ ^ ^ * L ^ ^ a t ^ ItV^^Vbtfn tr^l/.i'^ "^^'^^^ ^ " l 

The f i r s t s e t i n e v e r y f i l e i s a HEADER s e t . T h i s s e t c o n t a i n s Important 
p a r a m e t e r s r e l a t i n g to the c o n t e n t s o f t h e f i l e and , i n p a r t i c u l a r . i s u s e d b y 
the program t o c h e c k f o r p r o b l e m - f i l e c o m p a t a b i 1 i t y when the f i l e Is u s e d a s 
an input f i l e . In some o f the f i l e s , the f i r s t word o f the h e a d e r s e t i s a 
v e r s i o n number. T h i s s h o u l d n o t be c o n f u s e d w i t h the F i l e I b n a g e r v e r s i o n 
number m e n t i o n e d p r e v i o u s l y ; i t i s s i m p l y a n i n t e r n a l i n d i c a t o r t h a t i s u s e d to 
m a i n t a i n c o m p a t a b i 1 i t y when the f i l e s t r u c t u r e must change and p r e v i o u s l y 
g e n e r a t e d f i l e s must s t i l l be u s e d . 

The d a t a i n f i l e s w r i t t e n b y the program I s c o m p r e s s e d by two d i f f e r e n t 
t e c h n i q u e s . c a l l e d PACK and SQOZ. Pack r e f e r s t o the s t o r i n g o f s e v e r a l ( n o n -
n e g a t i v e ) I n t e g e r i t e m s i n a s i n g l e computer word , e a c h i t e m o c c u p y i n g a f i x e d 
s e t o f b i t p o s i t i o n s . Sqoz r e f e r s to the s t o r i n g o f two f l o a t i n g p o i n t 
q u a n t i t i e s i n a s i n g l e word b y d e c r e a s i n g t h e number o f significant d i g i t s and 
the e x p o n e n t r a n g e o f e a c h . A s e t o f FORTRAN GALL - a b l e s u b r o u t i n e s i s 
a v a i l a b l e ( R e f e r e n c e 1) to pack and s q o z and p e r f o r m the i n v e r s e o p e r a t i o n s . 
The s t a t e m e n t s : 

CALL PACK (WORD, NOITHS, NOBITS, ITEMS) 

CALL UNPACK (WORD, NOITMS, NOBITS, ITEIB) 

may be u s e d to p a c k ( u n p a c k ) i t e m s i n t o ( f r o m ) a s i n g l e computer w o r d . Here 
WORD i s t h e p a c k e d word, NOITMS i s the number o f i t e m s to p a c k ( u n p a c k ) , NOBITS 
i s a n a r r a y g i v i n g t h e number o f b i t s f o r e a c h i t e m , and IlEMS i s a n a r r a y 
c o n t a i n i n g ( t o be f i l l e d w i t h ) d a t a I t e m s . S i m i l a r l y , the s t a t e m e n t s : 

CALL SaOZ (SQZWDS, FPTWDS, NWORDS) 

CALL UNSQOZ (SQZWDS, FPTWDS, NWORDS) 

may be u s e d to c o m p r e s s ( e x p a n d ) a n a r r a y o f f l o a t i n g po 
a r r a y o f s q o z w o r d s . Here SQZWDS i s the a r r a y o f s q o z 
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of floating point words, and NWORDS the number of floating point words. 
The following table defines the various symbols used In the file 

descript ions. 

ABSNUG - Number of nuclides for absorption rate edit. 
B(1) - Highest numbered axial point number In the l-th piece of a 3-D 

control search element. 
BDCOND - Array of six words containing boundary conditions along column 0, 

column COLBDY, row 0, row ROWBDY, plane 0, and plane PLNBDY. 
BEGCON - Current configuration number (-1 if ZIPCON is negative). 
BITSl - Array of five words giving geometry file bit packing pattern for 

Figure, Region, Channel, Track, Hex transform. 
BITS2 - Array of two words giving geometry file bit packing pattern for 

gross and fine block numbers. 
BITS3 - Array of twelve words giving geometry file bit packing pattern for 

the composition correspondences. 
BOTTOM- Highest numbered mesh line (row in R-Z, plane in 3-D) in the 

control search element. 
COLBDY - Column boundary. 
COLECT - Î umber of nuclide edit collections, combinations and constants 

defined. 
COLS - Total number of columns (COLBDY+1). 
CONCES - Last edit set for which average nuclide concentrations and 

loadings computed. 
CONNUC - Number of nuclides for average concentration and loading edits. 
CORRES - Composition correspondence (1 - composition to figure, 

2 - composition to region). 
DEFALT - Value used to Indicate the "location" of a transparency In 

quadrilateral figures. 
DELTAT - Depletion time - Interval in hours. 
DEPTIM - Indicator of deplete before spatial (0), deplete after spatial 

(1), or no depletion (-1). 
DIAG - Diagonal column (0 if not hexagonal geometry). 
DPLBLK - Number of gross blocks in each gross plane. 
DPLPLN - Number of gross planes. 
EDTSTS - Total number of edit sets defined. 
EDTWDS - Number of words required to describe the edit sets. 
FBNUCS - Number of nuclides which are fine block depletable. 
FINBLK - Number of fine blocks in each fine block plane. 
FINE - Fine blocking indicator (0 - no, 1 - yes). 
FINPLN - Number of fine planes. 
FISNUC - Number of nuclides for fission rate edit. 
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FLUXES - L a s t e d i t s e t f o r w h i c h f l u x I n t e g r a l s and f l u x - w e i g h t e d 
m a c r o s c o p i c d a t a computed . 

FNORM - F l u x n o r m a l i z a t i o n f a c t o r . 

GEOM - Geometry t y p e . 

GROUPS - T o t a l number o f g r o u p s . 

INCHES - I n d i c a t o r o f g e o m e t r y i n p u t u n i t s ( 0 - c e n t i m e t e r s , 1 - i n c h e s ) . 

K(g) - Number o f t r i a l f u n c t i o n s i n g r o u p g . 

KMAX - Maximum o f K(g) o v e r a l l g r o u p s g . 

KSUM - K ( l ) + K ( 2 ) + , . .+K(GROUPS). 

KVAR - [(KMAX*GR0UPS*Z0NES+KSUI^1)/KSUMl where IK3 means "greatest 
integer in X". 

LAMBDA - The problem eigenvalue (input guess if spatial not done). 
LIBLEN - Number of integrals in the synthesis integral library file. 
MAXGMP - Largest composition number. 
MAXFIG - Largest final figure number. 
MAXREG - Largest planar region number. 
NUCLDS - Total number of nuclides in the master list of nuclides. 
P3 - Indicator which is 0 if the P(3) option not used, 1 if the P(3) 

option used. 
PAIRS - Number of element pieces with different (top, bottom) definitions 

in 3-D control search. 
PLANES - Total number of point planes (1 if 1-D or 2-D, PLNBDY+1 IF 3-D). 
PLNBDY - Plane boundary (1 if 1-D or 2-D). 
PNORM - Power normalization factor. 
PNTFIG - Number of mesh figures at a point (2 if 1-D, 4 if 2-D rectangular 

or cylindrical, 6 If 2-D hexagonal, 8 if 2-D quadrilateral or 3-D 
rectangular, and 12 if 3-D hexagonal) 

POWINT - Power integral (denominator of FNORM and PNORM). 
POWNUC - Number of nuclides for power fraction edit. 
QFIGS - Number of quadrilateral figures. 
QGENS - Number of quadrilateral figures generated. 
RATEES - Last edit set for which nuclide power fractions, absorption rates, 

and fission rates computed. 
ROWBDY - Row boundary (1 if 1-D). 
ROWS - Total number of rows (1 if 1-D, ROWBDY+1 if 2-D or 3-D). 
SOLANG - Internal angle of the solution figure in quadrilateral geometry. 
T(1) - Lowest numbered axial point number in the l-th piece of a 3-D 

control search element. 
THGRPS - Number of thermal groups. 
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TISETS - L a s t e d i t s e t f o r w h i c h t h e r m a l - h y d r a u l i c i n t e g r a l d a t a 
coiiq>nted. 

TOP - Lowes t n u m b e r e d m e s h l i n e ( r o w i n R - Z , p l a n e i n 3-D) i n t h e 
COUtPOl SCalTCu ©l©Bl©ttT» 

TRYS -" Numb61!* of s { > a t i a l s o i i i t i o n s J^Gr*Xoinudu m a c a S 6 o r s u b "* c S S e . 

lYERO -" E lapsed time — in — l i f e a t beg^inningr o* t ime s t e p . 

uniUiJ£ - iiiuiiDei* of 'uxii<jiiie s y n t J i e s i s tz*ial i n n c t i o n s . 

WOR'l'U "* L a t e s t wortl i In tJie conti*ol s e a r c h . 

Z( ST, i ) ~* Axia l mix ing c o e f f i c i e n t for the l '^th t r i a l f u n c t i o n in g^oup g. 

ZIPCON - H ighes t c o n f i g u r a t i o n number ( b e g i n n i n g a t z e r o ) . Note : in 3-D 
or in any problem w i t h any c o n t r o l s e a r c h o t h e r t han a one -
d imens iona l m u l t i p l e c o n f i g u r a t i o n c o n t r o l s e a r c h , t h i s va lue I s 
- 1 . 

ZONES - Number of t r i a l f u n c t i o n z o n e s . 
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Data Type - 220 
S e t S i z e - max[LS ,G0LSS+l /2 ] 

Number o f S e t s - 1+R0WS*PLANES*(GROUPS*P3) 

Header 
Word -

Set 
Value 

1 _ COLS 
2 - ROWS 
3 - PLANES 
4 - GR0UPS+P3 
5 - FNORM 
6 - PNORM 
7 - POWINT 
8 - LAMBDA 

Each of the remaining s e t s conta ins the po lntwlse f lux va lues for a s i n g l e 
row of the mesh. The s e t s are ordered by row, then by p lane , and f i n a l l y by 

If the s i m p l i f i e d P(3) opt ion was used to generate these f l u x v a l u e s , the 
order of the groups of f l u x i s as f o l l o w s : a l l of the normal f l u x groups in 
order from one through GROUPS, fo l lowed by the s p e c i a l P(3) pseudo group - one 
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Data Type - 252 
Set S i z e - Variable 

Number of S e t s - Variable 

He a der Set 
Word - Value 

1 _ 1 ( v e r s i o n ) 
2 - DPLBLK 
3 - FINBLK 
4 - DPLPLN 
5 - FINPLN 
6 - POWINT 
7 - FNORM 
8 - PNORM 
9 - NUCLDS 
10 - FBNUCS 
11 - 1000 (maximum s e t s i z e ) 

„ntalt 'i£:"^!;i.r.^;!r ni^.aris;^ "siif idfr-;. ?:SJ'̂ .j*iJJ.r r as specifHd inthe^^ur^ster nucllle lis t , andthisu tk̂  order in-^rch" the 
c o n c e n t r a t i o n va lues are carr i ed for each gross block in subsequent s e t s . 
Negative numeric i d ' s i d e n t i f y n u c l i d e s that are f ine b lock d e p l e t a b l e . These 

rjiz :^^z istc^tL^^^sf SlLVJ:iLra?irevaiue*"Lr::rJier,ford :?rh 
f ine b lock in subsequent s e t s . 

The fourth, f i f t h , . . . s e t s are of a r b i t r a r y s i z e ( s e e word 11 of the f i r s t 
s e t ) , and c o n t a i n the NUCLDS*DPLBLK«DPLPLN concentrat ion va lues for the gross 
b l o c k s . The f i r s t word in each s e t i s the ( i n t e g r a l ) number of gross blocks 
vdiose c o n c e n t r a t i o n va lues are contained in the current s e t . This number i s 
negat ive in the f i n a l s e t of gross b lock n u c l i d e s . The remaining data in these 

TA:..rhrr.Ty lli'\'i,iT.'.'j^rVArr r.'iiVr'c'z%'vr,L .^Ja^:.nl?i:."; 
The remaining s e t s ( i f f ine b locking) are of a r b i t r a r y s i z e ( s e e word 11 of 

the f i r s t s e t ) , and c o n t a i n the FBNUCS*FINBLK*FINPLN concentra t ion values for 
the f ine b l o c k s . Hie f i r s t word in each s e t Is the ( I n t e g r a l ) number of f ine 
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Data Type - 222 
S e t S i z e - maxC4,(PHTFIG/2)*C0LS1 

Number o f S e t s - 1+R0WS*PLANES 

Header S e t 
Word - Va lue 

1 - PNTFIG 
2 - COLS 
3 - R O ^ 
4 - PLANES 

E^ch o f t h e r e m a i n i n g s e t s c o n t a i n s t h e p a r t i t i o n power v a l u e s f o r a s i n g l e 
row o f the mesh . The s e t s a r e b y row, t h e n b y p l a n e . VI t h i n a s e t t h e r e a r e 
PNTFIG v a l u e s i n s q o z format a t e a c h o f COLS p o i n t s , r e q u i r i n g C (PNTFIG/2)4:C0LS] 
c o m p r e s s e d w o r d s . The power v a l u e s a r e n o r m a l i z e d b y PNORM. 

In a one - d i m e n s i o n a l p r o b l e m the o r d e r o f t h e v a l u e s a t a p o i n t I s l e f t 
f o l l o w e d b y r i g h t . In a two - d i m e n s i o n a l r e c t a n g u l a r o r c y l i n d r i c a l p r o b l e m . 
the o r d e r i s upper l e f t , upper r i g h t , l ower l e f t , and lower r i g h t . In a two -
d i m e n s i o n a l h e x a g o n a l p r o b l e m , the o r d e r i s upper l e f t t h r o u g h upper r i g h t 
f o l l o w e d b y l o w e r l e f t t h r o u g h t lower r i g h t o n t h e r i g h t s i d e o f the c h e v r o n . 
On the l e f t s i d e o f a c h e v r o n , the o r i e n t a t i o n o f the v a l u e s b y s e x t a n t i n 
a b s o l u t e s p a c e i s the same a s f o r the r i g h t s i d e b u t the c a n o n i c a l row d i r e c t i o n 
b e n d s c l o c k w i s e s i x t y d e g r e e s . In a two - d i m e n s i o n a l q u a d r i l a t e r a l p r o b l e m , 
the e i g h t v a l u e s a t a p o i n t a r e g i v e n , i n c l o c k w i s e o r d e r , b e g i n n i n g w i t h the 

F i n a l l y , i n a t h r e e - d i m e n s i o n a l p r o b l e m , t h e v a l u e s above the p l a n e a r e 
o r d e r e d a s i n a two - d i m e n s i o n a l p r o b l e m and a r e f o l l o w e d b y t h e c o r r e s p o n d i n g 
v a l u e s b e l o w the p l a n e . 
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Data Type - 224 
Set Size - Variable 

Number of Sets - Variable 
Hea 

Word der Set Value 
1 _ DPLPLN 
2 - GROUPS 
3 - THGRPS 
4 - EDTSTS 
5 - EDTWDS 
6 - FLUXES 
7 - RATEF«S 
8 - CONCES 
9 — POWNUC 
10 - ABSNUG 
11 - FISNUC 
12 — CONNUC 
13 - FNORM 
14 - LAMBDA 
15 - TISETS 
16 - PNORM 
17 - TRYS 
18 - COLECT 
19 - TZERO 
20 - DELTAT 
21 - DEPTIM 

The edit set descriptions appear next in the file. The total of EDTWDS 
words is arranged in arbitrary sized but constant length sets, with the last set 
reduced in size to the number of words remaining. The description for each edit 
set consists of a sequence of final figure numbers and a zero followed by a 
sequence of planar region numbers and a zero. Each sequence is in order of 
increasing absolute value, with a negative number indicating the previous value 
through the negative value. 

The remainder of the file consists primarily of four major divisions of 
integral data, some of which may be missing, plus miscellaneous data. Within 
each division the data is ordered by edit set, then by gross plane. Since the 
data for each set is in sqoz format, the set size is obtained by adding 1 to the 
number of values in a set, dividing by 2, and then taking the largest integer in 
that quotient. 

There are (FLUXESiCDPLPLN> sets in the first division, each containing 
volume, flux Integrals, and flux - weighted macroscopic data for a single edit 
set. The data for a set consists first of Integrals 7.6.1, followed by 
Integrals 7.6.2 for each group. If THGRPS = 2, these quantities are replaced in 
the last two groups by Integrals 7.6.3. The total number of values per set is 
[1 + GROUPS + 6«(GR0UPS + THGRPS -1)1. Note that the fluxes in these integrals 
are not normalized. Note also that, in a fixed source problem, the flux -
weighted nu sgrma fission Integral is replaced by a flux weighted source 

The second division is present only if at least one of POWNUC, ABSNUG, and 
FISNUC Is non - zero. If present, it is preceded by a set of length (POWNUC + 
ABSNUC * FISNUC) which contains the numeric nuclide id's for the power fraction, 
absorption rate, and fission rate edits. The id's are In the same order as 
specifded In the input and this is the order In which the nuclide integrals are 

There are (RATEES«DPLPLN) sets in the second division, each containing the 
power, absorption rate, and fission rate values for a single edit set. The data 
for a set consists of Integrals 7.6.4 for all groups g, then all power fraction 
nuclides i; followed by Integrals 7.6.5 for all groups g, then all absorption 
rate nuclides 1; followed by Integrals 7.6.6 for all groups g, then all fission 
rate nuclides 1. The total number of values per set is [GROUPS «(POWNUC + 
ABSNUC ■<- FISNUC)], and the fluxes in these integrations are normalized by 
FITOBH/10«»24. 
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The t h i r d d i v i s i o n i s p r e s e n t o n l y i f CONNUC i s non - z e r o . I f p r e s e n t . I t 
i s p r e c e d e d b y a s e t o f l e n g t h o f d:KCONNUC w h i c h c o n t a i n s the numeric n u c l i d e 
i d ' s f o r the a v e r a g e c o n c e n t r a t i o n and l o a d i n g e d i t s , t h e a l p h a n u m e r i c n u c l i d e 
i d ' s f o r t h e s e n u c l i d e s , and f o r t h e s e same n u c l i d e s the a t o m i c w e i g h t s d i v i d e d 
by the Avogadro c o n s t a n t a l l m u l t i p l i e d b y 104:*21. The I d ' s a r e i n the same 
o r d e r a s s p e c i f i e d i n the i n p u t and t h i s i s the o r d e r i n w h i c h t h e c o n c e n t r a t i o n 
i n t e g r a l s a r e c a r r i e d . 

There a r e (C0NCES*DPLPLN) s e t s i n the t h i r d d i v i s i o n , e a c h c o n t a i n i n g the 
volume and the c o n c e n t r a t i o n I n t e g r a l s f o r a s i n g l e e d i t s e t . The d a t a f o r a 
s e t c o n s i s t s of I n t e g r a l 7 . 6 . 7 f o l l o w e d by I n t e g r a l s 7 . 6 . 8 f o r e a c h a v e r a g e 
c o n c e n t r a t i o n or l o a d i n g n u c l i d e 1. The t o t a l number o f v a l u e s per s e t i s ( 1 ■•■ 
CONNUC), 

The f o u r t h d i v i s i o n i s p r e s e n t o n l y i f TISETS i s non - z e r o . There a r e 
(TISETS^DPLPLN) s e t s i n the f o u r t h d i v i s i o n , e a c h c o n t a i n i n g i n t e g r a l s o f 
thermal - h y d r a u l i c d a t a f o r a s i n g l e e d i t s e t . Hie d a t a f o r e a c h s e t c o n s i s t s 
o f I n t e g r a l s 7 . 6 . 9 where the u n i t o f volume I s c u b i c f e e t and t e m p e r a t u r e s a r e 
i n d e g r e e s F a h r e n h e i t . 

The n e x t s e t i s p r e s e n t o n l y i f TRYS Is non - z e r o . The s e t c o n t a i n s TRYS 
f i n a l e i g e n v a l u e s from the s p a t i a l s o l u t i o n f o r e v e r y s e a r c h a n d / o r f e e d b a c k 
t r y . 

The n e x t s e t i s p r e s e n t o n l y i f COLECT i s n o n - z e r o . The s e t c o n t a i n s 
COLECT ( v a l u e , name) p a i r s o f n u c l i d e c o l l e c t i o n d a t a , a l g e b i ^ i c c o m b i n a t i o n 
d a t a , and c o n s t a n t d e f i n i t i o n s f o r a l l s u c h e d i t s r e q u e s t e d . 
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INT1EGRALS 7.6.1 - 7.6.3 

Jav, _p,av, a a v , . . . , ^^av 6.6.1 

/^IJVV, /(Z^\ . 0(M><^^ >/«G2:G.2^G.2^^ > , 
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6. EDIT INTE^Tlll 

IFIZGRALS 7 .6 .4 - 7 .6 .9 

7.6.if 

7.6.5 

7.6.6 

/ dV 

/H^dV 

/ ^ V , / dV , I RV^dV , I V^dV , 

7.6.7 

7.6.8 

^7.6.9 
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Paere 1 
GEOHETRY FILE 

Data Type - 251 
S e t S i z e - V a r i a b l e 

Rnnber o f S e t s - V a r i a b l e 

BSea d e r S e t 
Word Value 

1 . 2 (version) 
2 - COLBDY 
3 - ROWBDY 
4 - PLNBDY 
5 - DIAG 

6 - 1 1 - BDCOND(1)-BDC0HD(6) 
12 - MAXUMP 
13 - HAXPIG 
14 - HAXREG 
15 — CORBES 
16 - FINE 
17 - DPLBLK 
1 8 - DPLPLH [OP -(ZIPCOR+1)] 
19 - TOP 
2 0 — BOTTOM 
2 1 - VORTH 
2 2 - BEGGON 
2 3 - FINBLK 
2 4 - GEOH 

2 5 - 2 9 - BITS1(1)-BITS1(5) 
3 0 - 3 1 - BITS2(1)-BITS2(2) 
8 2 - 4 3 - BITS3(1)-BITS3(12) 

4 4 - S IZE * 
4 5 - INOEXl * 
4 6 — INDEX2 * 
4 7 - INDEX3 * 
4 8 - IHDEX4 * 
4 9 - FINPLH 
se - (not used) 
5 1 - BT.KSIZ * 
5 2 - smv* * 
5 3 — SE'1^1 * 
5 4 - SETS2 * 
5 5 - SE'1'S3 * 

56-62 - (not used) 
6 3 - SOLANG 
6 4 - PAIRS 

60-(68+2«PAIBS-l) ■ " t(T(i),B(i)).l=l,...PAIIB] 
(missins If PAIRS « 0) 

Words in the header se t idiich are flagged irith an asterisk (words 4 4 - 4 8 
and 51 - 58) are not defined In Section 7.2 but wil l be defined in this Section 
since they pertain only to this f i l e . SIZE (wrd 44 in header se t ) Is the total 
nunber of words in the second, t h i r d . . . . se t s used to describe mesh spaclngs. 

l ^ - f * ? . " l f t h i ? * ! : r J S ^ } ; a i K S ^ l r a r i : K n o i ; . * n ^a^^r se'' a - - ^ a " ^ 
IlfDEXl - RelatiiTB index of mesh spaclngs. In rectangular, cylindrical, and 

spherical geometries there are COLBDY + ROWBDY * PLNBDY values 
beginning at INDEXl giving column then row then axial mesh spaclngs (or 
1.0 default values for non - existent dimensions). For other 
geometries, the column and row mesh spacing^ are meaningless and are 
not present, but this index is such that when COLBDY + ROWBDY is added 
to INDEXl, the resultant index points to the first axial mesh spacing. 
In all geometry types, mesh spaclngs are in centimeters regardless of 
the input mesh units. 

IRDEJCS - Relative index of composition correspondence words. The correspondence 
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HAXREG c o m p o s i t i o n numbers f o r e a c h g r o s s p l a n e o r c o n f i g u r a t i o n . The 
f i r s t s i x f i e l d s i n e a c h word a r e c o m p o s i t i o n numbers and the l a s t s i x 
f i e l d s i n d i c a t e a movable ( i f f i e l d v a l u e i s 1) or a non - movable ( I f 
f i e l d v a l u e i s 0) c o m p o s i t i o n f o r a 1-D c o n t r o l s e a r c h p r o b l e m f o r e a c h 
of t h e s i x c o m p o s i t i o n s i n t h a t word. ■ T h e s e words a r e packed a c c o r d i n g 
to t h e b i t p a t t e r n i n the BITS3 a r r a y . I f ZIPGON i s n e g a t i v e . e a c h 
g r o s s p l a n e b e g i n s a new p a c k e d word g i v i n g a t o t a l o f tDPLPLN * ( ( N + 
5) / 6 ) ] w o r d s . I f ZIPGON i s non - n e g a t i v e , e a c h c o n f i g u r a t i o n b e g i n s 
a new packed word g i v i n g a t o t a l o f [(ZIPGON + 1 ) * ( ( N + 5 ) / 6 ) 1 w o r ^ s . 
*N* r e p r e s e n t s e i t h e r HAXFIG o r HAXREG ( f o r GORRES b e i n g 1 o r 2 ) . If 
ZIPC»N i s n e g a t i v e , INDEX2 p o i n t s to t h e b e g i n n i n g o f t h e 
c o r r e s p o n d e n c e words f o r the f i r s t g r o s s p l a n e . I f ZIPGON i s n o n -
n e g a t i v e , INDEX2 p o i n t s to the b e g i n n i n g o f the c o r r e s p o n d e n c e words 
f o r t h e c o n f i g u r a t i o n s p e c i f i e d by BEGGON. 

INDEX3 - R e l a t i v e i n d e x o f g r o s s p l a n e b o u n d a r i e s . The p l a n e numbers a r e 
i n c r e a s i n g and the l a s t v a l u e i s PLNBDY. 

INDEX4 - R e l a t i v e i n d e x o f f i n e p l a n e b o u n d a r i e s . The p l a n e numbers a r e 
i n c r e a s i n g and the l a s t v a l u e i s PLNBDY. 

A f t e r s e t s two, t h r e e , . . . ( c o n t a i n i n g a t o t a l o f SIZE w o r d s ) , the 
r e m a i n d e r o f t h e f i l e c o n t a i n s up to f o u r l o g i c a l "sub - f i l e s " and t h e s e f i l e s , 
i n o r d e r , a r e c a l l e d " f i l e 4 " , " f i l e 1", " f i l e 2 " , and " f i l e 3 " . Each o f t h e s e 
f i l e s i s w r i t t e n i n b l o c k e d form w i t h a maximum s e t s i z e o f BLKSIZ (word 51 i n 
the h e a d e r s e t ) . Then SETS4, SETSl, SETS2, and SETS3 (words 5 2 - 55 i n the 
h e a d e r s e t ) s p e c i f y t h e number of s e t s i n s u b - f i l e s " f i l e 4 " , " f i l e 1", * f l l e 
2 " , and " f i l e 3 " r e s p e c t i v e l y . 

The n e x t SETS4 s e t s c o n t a i n g e o m e t r y l a b e l i n f o r m a t i o n f o r e a c h mesh 
e l e m e n t f o r o n e p l a n e ( " f i l e 4 " ) . There i s one packed word per mesh e l e m e n t , 
and the mesh e l e m e n t s a r e o r d e r e d f i r s t by mesh co lumn ( o n e t h r o u g h the l a s t 
e l e m e n t i n a mesh r o w ) , t h e n b y mesh row ( o n e t h r o u g h ROWBDY). Each packed word 
c o n t a i n s f i v e f i e l d s w h i c h a r e ( 1 ) f i n a l f i g u r e number, ( 2 ) p l a n a r r e g i o n 
number, ( 3 ) c h a n n e l number (may be z e r o ) , ( 4 ) t r a c k number (may be z e r o ) , and 
( 5 ) h e x a g o n a l t r a n s f o r m . These words a r e packed a c c o r d i n g to the b i t p a t t e r n 
s p e c i f i e d b y t h e BITSl a r r a y . For h e x a g o n a l and q u a d r i l a t e r a l g e o m e t r i e s , t h e r e 
a r e 2»:C0LBDY mesh e l e m e n t s i n e a c h row; i f ROWBDY = 1 and ZIPGON i s non -
n e g a t i v e , t h e r e a r e COLBDY mesh e l e m e n t s b u t 2»C0LBDY words a r e u s e d to d e s c r i b e 
t h e row: the f i r s t COLBDY words d e s c r i b e the mesh e l e m e n t s a s " p e r t u r b e d " i n a 
c o n t r o l s e a r c h , and the s e c o n d COLBDY words d e s c r i b e the o r i g i n a l non -
p e r t u r b e d mesh e l e m e n t s ; f o r a l l o t h e r g e o m e t r i e s , t h e r e a r e COLBDY mesh 
e l e m e n t s p e r row. The d a t a f o r e a c h row o f mesh e l e m e n t s i s c o n t a i n e d i n a n 

l:lV^rll r^Tu^^dinsriz; Vot^^l S ^ ^ e T o f n o r l r r ^ L ? ^ ^ " " d t""e last set f " 
The next SETSl sets contain geometry blocking and possibly mesh location 

information for one plane ("file 1"). There are three forms for this data 
depending on geometry type. 
(1) All geometries except hexagonal and quaddrlateral. 

There is one packed word per mesh element, and the mesh elements are 
ordered first by mesh column (one through COLBDY), then by mesh row (one 
through ROWBDY). Each packed word is a two - field word containing (1) 
gross block number and (2) fine block number (may be zero). These words 
are packed according to the bit pattern specified by the BITS2 array. The 
data for each row is contained in an integral number of sets, with a 
maximum set size of BLKSIZ and the last set for each row reduced in size to 
the number of words remaining. 

(2) Hexagonal geometry. 

For each of mesh rows one through ROWBDY, there are 6»C0LBDY+1 words: the 
f i r s t 24CGOLBDY words descr ibe block ing for each mesh t r i a n g l e in the mesh 
row where each word i s a two - f i e l d packed word conta in ing (1 ) gross block 
number, and (2) f ine block number (may be z e r o ) ; the next 2»C0LBDY words 
are angle va lues ( i n r a d i a n s ) ; and the l a s t 2«G0LBDY+1 words are mesh s i d e 
- l engths ( i n c e n t i m e t e r s ) . The packed words are packed according to the 
b i t p a t t e r n s p e c i f i e d by the BITS2 array. A f ixed angle - mesh s i d e 
pat t ern i s used In t h i s d e s c r i p t i o n which takes advantage of the f a c t that 
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e v e r y p a i r o f t r i a n g l e s i n a row s h a r e s a common s i d e . In t h i s s c h e m e , one 
e x t r a mesh s i d e v a l u e I s r e q u i r e d f o r the l a s t t r i a n g l e ( l a s t co lumn) i n a 
row. The t r i a n g u l a t i o n I s i n a f i x e d p a t t e r n . To the l e f t o f the main 
d i a g o n a l (DIAG), t r i a n g u l a t i o n i s from column n o f one row down to co lumn 
n+1 i n the n e x t row. To the r i g h t o f the main d i a g o n a l , t r i a n g u l a t i o n i s 
from co lumn n o f one row down t o co lumn n - 1 i n the n e x t row. The s i d e 
l e n g t h s c a r r i e d a r e t h e co lumn l e n g t h s ( d i s t a n c e from the mesh p o i n t a t 
co lumn n i n one row to the mesh p o i n t a t co lumn n i n the n e x t row) 
a l t e r n a t i n g w i t h t h e d i a g o n a l ( t r l a n g u l a t I o n d i r e c t i o n ) l e n g t h s . The 
a n g l e s c a r r i e d a r e t h e a n g l e s e n c l o s e d b y t h e s e s i d e l e n g t h s . The d a t a f o r 
e a c h row i s c o n t a i n e d i n an i n t e g r a l number o f s e t s , w i t h a maximum s e t 
s i z e o f BLKSIZ and the l a s t s e t f o r e a c h row r e d u c e d i n s i z e to the number 
o f words r e m a i n i n g . 

( 3 ) O u a d r l l a t e r a l g e o m e t r y . 

The f i r s t "row" o f d a t a c o n t a i n s 2*G0LBDY z e r o e s f o l l o w e d b y GOLBDY+1 p a i r s 
o f (X,Y) v a l u e s . These (X,Y) v a l u e s a r e the c o o r d i n a t e s o f the mesh p o i n t s 
z e r o t h r o u g h COLBDY f o r p o i n t - row z e r o . Then f o r e a c h o f mesh rows one 
t h r o u g h ROWBDY, t h e r e a r e a g a i n 44:C0LBDY+2 words : the f i r s t 24CCOLBDY words 
d e s c r i b e b l o c k i n g f o r e a c h mesh t r i a n g l e i n the mesh row where e a c h word I s 
a t h r e e - f i e l d packed word c o n t a i n i n g ( 1 ) g r o s s b l o c k number, ( 2 ) f i n e 
b l o c k number ( n a y be z e r o ) , and ( 3 ) t r i a n g u l a t i o n b i t ; the l a s t 2»C0LBDY+2 
words a r e COLBDY+1 p a i r s o f (X,Y) g i v i n g the c o o r d i n a t e s o f the mesh p o i n t s 
m t h e p o i n t - row b e l o w t h e row o f mesh e l e m e n t s . A l l c o o r d i n a t e s a r e i n 
c e n t i m e t e r s and a r e r e l a t i v e t o p o i n t ( 0 , 0 ) i n a 9 0 d e g r e e c o o r d i n a t e 
s y s t e m . The packed words a r e p a c k e d a c c o r d i n g to the b i t p a t t e r n s p e c i f i e d 
b ^ the BITS2 a r r a y e x c e p t ^tfaat t h e t h i r d f i e l d i s a l w a y s one b i t . The 
t r l a n g u l a t i o n i n d i c a t o r i s a s f o l l o w s : f o r the two t r i a n g l e s In a mesh 
c o l u m n q u a d r i l a t e r a l , the i n d i c a t o r s a r e 0 and t h e n 1 I f t r i ans ;u la t i o n i s 
NW - SE hn the f o u r t h quadrant s y s t e m ) and a r e 1 t h e n 0 i f t r f a n g u l a t i o n 

: i th*; ma^Lm'^s:? s'^Lerf^Ll^Ii^rdnrh^lLS^I? \TrT.lL ? o f reducfef ^ti 
s i z e to the number of words remaining. 

The next SETS2 s e t s c o n t a i n geometry data for each gross b lock for one 
plane ( " f i l e 2 " ) . A pair of words i s carr i ed for each gross b lock 1, 2 
I»>LBLK. The f i r s t word of each pa ir i s a three - f i e l d packed word c o n t a i n i n g 
(1) f i n a l f igure number, (2) planar r e g i o n number, and (3) the number of f ine 
b locks in that gros s b lock (may be z e r o ) . These words are packed according to 
the b i t p a t t e r n s p e c i f i e d by the BITSl array. The second word of each pair i s 
the r a d i a l area (volume If c y l i n d r i c a l or s p h e r i c a l ) of the gross b lock . The 
t o t a l of 2*DPLBLK words Is arranged in s e t s of s i z e BLKSIZ with the l a s t s e t 
reduced in s i z e to the number of words remaining. 

The next SETS3 s e t s (present o n l y i f FINE Is non - zero) conta in geometry 
data for each f ine b lock for one plane ( " f i l e 3") . A pair of words i s carr i ed 
for each f ine b lock 1, 2 , . . . . FINBLK. The f i r s t word of each pa ir i s a four -
f i e l d packed word c o n t a i n i n g (1) f i n a l f igure number, (2 ) planar reg ion number, 
(3 ) channel number, and (4) track number. These words are packed according to 
the b i t p a t t e r n s p e c i f i e d by the BITSl array. The second word of each pa ir i s 
the r a d i a l area (volume If c y l i n d r i c a l or s p h e r i c a l ) of the f ine b lock. The 
t o t a l of 2«FINBLK words i s arranged in s e t s of s i z e BLKSIZ wi th the l a s t s e t 
reduced in s i z e to the number of words remaining. 
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Data Type - 254 
Set S i z e - Variable 

Number of S e t s - Variable 

Header Set 
Word - Value 

1 - 1 (version) 
2 - DPLBLK 
3 - DPLPLN 
4 - PNORH 
5 - 1000 (maximum s e t s i z e ) 

The remaining s e t s are of a r b i t r a r y s i z e ( s e e word 5 in header s e t ) and 
conta in the average power for the DPLBLK^DPLPLN gross b locks in sqoz format. 
The power va lues are normalized by PNORH. The f i r s t word in each s e t i s the 
( i n t e g r a l ) number of b locks for which power v a l u e s are c a r r i e d in the current 
s e t . This number Is negat ive in the f i n a l s e t of g^oss b lock power v a l u e s . The 
remaining data in these s e t s are the g^oss b lock power va lues which are ordered 
f i r s t by gross b lock and then by g^oss p l a n e . The f i n a l s e t i s reduced to the 
s i z e n e c e s s a r y to hold the remaining power v a l u e s . 
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Data Type - 253 
S e t S i z e - Variable 

Number of S e t s - Variable 

Header Set 
Word - Value 

1 _ 1 
2 — DPLBLK 
3 - FINBLK 
4 - DPLPLN 
5 — FINPLH 
6 - GROUPS 
7 — FNORH 
8 — PNORH 
9 — POWIHT 
10 - 1000 

(version) 

(maximum s e t s i z e ) 

The second, t h i r d , . . . s e t s are of a r b i t r a r y s i z e ( s e e word 11 of the f i r s t 
■ e t ) , and c o n t a i n the (GR0UPS+1««DPLBLK»DPLPLN in tegrated f l u x va lues for the 
tsroma b l o c k s . The in tegrated f l u x v a l u e s are not normalized. The f i r s t word in 
each s e t i s the ( i n t e g r a l ) number of gross blocks whose in tegrated f l u x va lues 
are contained in the current s e t . This number i s negat ive In the f i n a l s e t of 
gros s block f l u x e s . Ihe remaining data in these s e t s are gpross block in tegrated 
f l u x v a l u e s in sqoz format. The data va lues are ordered as f o l l o w s : f i r s t the 
volume Integrral of the f l u x for groups one through GROUPS fol lowed by the volume 
of the block; then by g r o s s block , then by gross plane . The f i n a l s e t i s 
reduced to the s i z e n e c e s s a r y to hold the remaining in tegrated f l u x v a l u e s . 

The rema 
the f i r s t se 
for the f i n e 
word in eac 
v a l u e s are co 
s e t of f ine 
in tegrated f l 
f i r s t the vo 
the volume of 
i s reduced to 

in ing s e t s ( i f f i n e blocking) are of a r b i t r a r y s i z e ( s e e word 10 of 
t) , and c o n t a i n the (CaU)UPS-<-l)»FINBLK»FINPLN Integrated f l u x va lues 
b l o c k s . The Intearrated f l u x va lues are not normalized. The f i r s t 
h ' s e t i s the ( i n t e g r a l ) number of f ine blocks whose in tegrated f l u x 
ntained in the current s e t . I h i s number i s negat ive in the f i n a l 

block f l u x e s . The remaining data in these s e t s are f ine block 
ux va lues in sqoz format. The data va lues are ordered as f o l l o w s : 
lume i n t e g r a l of the f l u x for groups one through (StOUPS fo l lowed by 

the block; then by f ine block, then by f ine plane . The f i n a l s e t 
the s i z e n e c e s s a r y to hold the remaining in tegrated f l u x v a l u e s . 
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Data Type - 229 
Set S i z e - max[4,ISUMJ 

Number of S e t s - 4+PLANES+KVAR+UNiaUE 

Header Set 
Word - Value 

1 - PLANES 
2 - GROUPS 
Second Set 

Word - Value 
1 - FNORM 
2 - PNORM 
3 - POWINT 

Third Set 
Word - Value 

1 - K(l) 
2 - K( 2) 

GROUPS k( GROUPS) 
Each of the next PLANES sets contains the axial mixing coefficients for a 

single plane. These mixing coefficients will be represented by Z(g,1) for the 
i-th position in group g. The number of trial functions (positions) In group g 
is given by K(g). The data within each set of size KSUH is ordered as follows. 

Z(l,l) 
Z(2.1) 

Z(l,2) 
Z(2,2) 

Z(1,K(1)) 
Z(2,K(2)) 

Z(GROUPS,11) ,(GROUPS,2), ., Z(GROUPS.K(GROUPS))S 
The next set contains the single value KVAR Indicating the number of sets 

which follow describing the trial function PROBLEH DESCRIPTION. Each of the 
next KVAR sets contain KSUH words which are integer pointers for the trial 
functions used for each position, g^oup, and zone. Each pointer is a relative 
index pointing into the trial function description which follows these sets of 
data. A value of minus one is given for all positions which do not exist in any 
group. This data, if read as a one - dimensional array of numbers, can be 
treated as if it were a three - dimensional array of numbers. The three 
indices. In order, are: position, group, and zone; and the dimension limits 
for this three - dimensional array will be [KHAX, GROUPS, ZONES}. 

The next UNIQUE sets contain the TRIAL FUNCTION DESCRIPTIONS and consist of 
four word entries for each unique trial function as follows: (1) version 
number, (2) synonym, (3) group number, and (4) the Integral of the trial 
function over the entire radial space. These sets of data represent the File 
Ibnager Identification (version, synonym), the group extracted from that file, 
and finally, the radial integral of that trial function. This data. If read as 
a one - dimensional array of numbers, can be treated as if it were a two -
dimensional array having dimension limits of [UNIQUE, 41. It is the first index 
in this array which Is given by the pointers in the three - dimensional problem 
description array previously described. 
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Data Type - 228 
Set Size - Variable 

Number of Sets - Variable 

^for^'^-r ?alue 
1 - LIBLEN 
2 - DPLBLK 

The remainder of the file consists of LIBLEN sets of integral descriptions 
followed by LIBLEN sets of integral values. The descriptions and values are in 
a one - to - one correspondence defined by the order of occurrence in the file. 
The size of the description sets is four and each set contains a packed 
identification of a single integral. In general, these integrals Involve two 
trial functions, say Tl and T2. The contents of these four word description 
sets is as follows. 

Word 
1 
2 

3 
4 

Item Number of Bits 

The Item in word two designated 
integration performed as follows: 

Synonym of Tl 60 
Version number of Tl 
Group number of Tl 42 Version number of Tl 
Group number of Tl 4 
Type 3 
(zero, not used) 11 Synonym of T2 60 
Version number of T2 42 
Group number of T2 4 
(zero, not used) 14 
as "Type* indicates the type of trial func,tion 

Type 1 - Integral of Tl. 
Type 2 - Integral of the product of the gradient of Tl and the 

gradient of T2. 
Type 3 - Integral of the product of Tl and T2. 

The set size of the LIBLEN integral value sets is (DPLBLK+1)/2. Each set 
contains DPLBLK values of the corresponding integral described in the first half 
of the file. The integral values in each set are ordered by gross block and are 
in sqoz form. The flux integrals are not normalized. 
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Data Type - 255 
Set S i z e - Variable 

Number of Se t s - Variable 

Wofr*-'' ?aSue 
1 - 1 2 - FINBLK 3 - FINPLN 4 - FNORH 5 - PNORH 6 - POWINT 7 - 1000 8 - 1 

(version) 

(maximum set size) 
(values per block) 

The remaining sets are of arbitrary size (see word 7 in header set) and 
contain the average power for the FINBLKTCFINPLN fine blocks in sqoz format. The 
power values are normalized by PNORH. The first word in each set is the 
(integral) number of blocks for which power values are carried in the current 
set. This number Is negative In the final set of fine block power values. The 
remaining data in these sets are the fine block power values which are ordered 
first by fine block and then by fine plane. The final set Is reduced to the 
size necessary to hold the remaining power values. 
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13. QUADRILATERAL FIGURE FILE 

Data Type - 256 
Set S i z e - Variable 

Number of S e t s - Variable 

Header Set 
Word - Va lue 

(version) 1 - 1 
2 - QFIGS 
3 - QGENS 
4 - INCHES 
5 - DEFALT 

6-10 - BITS1(1)-BITS1(5) 
The next sets describe the QFIGS quadrilateral figures, if any. For each 

of .QFIGS figures, a leading eight word header set contains the following 
informstion: 

(1) label, 
(2) COlumn boundary, 
(3) row boundary, 

internal angle (radians). 
minimum X value def ined (CM.), 
maximum X value def ined (CM.). 

(7) minimum Y value defined (CM.). 
(8) maximum Y value defined (CM.). 

(4) 
(5) 
(6) 

Then follows [row boundary + 1] sets, each of size 10)|:[cclumn boundary + 
11. These sets give a description of the figure, left to right in each of the 
row* zero through row boundary. In each row, ten words are carried for each of 
the columns zero through column boundary. The ten words are as follows: 

(1) absolute X location (CM.), 
(2) absolute Y location (CM.); 

if the X,Y location has not been defined at some point (i.e. It Is a 
transparency), then 10«DEFALT Is stored for X and for Y at that point; 

(3-10) eight packed words (packed using the bit pattern from the BITSl array), 
each containing figure, region, channel, track, and hex transform for 
one of the eight triangles around the point P and in the order shown. 
A 90 degree example is shown in the picture, but the eight triangles 
are present for any quadrilateral figure. The figure also shows the 
positive X and the posit-ve Y directions. 

Golumn 
I-l 

Column 
I 

Col 
I+l 

Row J-1 

Row J 

Row J+1 

N 

N 

• 
• 

[ 6 ] [71 , 
■ 

• . 
[ 5 ] 

• • • 
« 

P 
. ' [81 

[ 4 ] 
• 

• ' • [11 
• 

[ 3 1 [ 2 1 * • 

+x 

+ 
Y 

P a Point (I.J) 
N = 8 Neighboring points 

[ 1 = Triangle order 
(relat-ve to P) 
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The next sets contain the QGENS quadrilateral figure generation 
descriptions, if any. For each of QGENS figure generation descriptions, a 
leading five word header set contains the following Information: 

(1) l a b e l . 

Then f o l l o w s , for each o v e r l a y s e t in the current g e n e r a t i o n d e s c r i p t i o n : 

(1) i n i t i a l f igure l a b e U 
(2) column number of o r i g i n , 
(3) row number of o r i g i n , 

(6) f i n a l f i gure b i a s , 
(7) channel b i a s , 
(B) absolute X origin (GH.), 
(9) absolute Y origin (CM.), 
(10) rotation angle (radians). 
If the absolute X or Y origins are not specified, items (8) and (9) are set 

to 10!l:DEFALT. Likewise, if the row rotation index is negative (unknown 
direction), item (10) Is set to l0*DEFALT. 
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8 . 1 . GENERAL INPUT PREPARATION: SYSTEH CONTROL CARDS 

A l l s y s t e m c o n t r o l cardar a r e punched b e g i n n i n g i n co lumn 1. The f i r s t c a r d 
o f e v e r y Input d e c k i s a JOB c a r d whose ( f i x e d f i e l d ) format I s a s f o l l o w s : 

Fields 1-9 No. of Columns Field Type 
JOB ID 7 aIphanumer ic 
PRIORITY 1 integer 
RUN TIME LIMIT (minutes) 3 integer 
SHALL CORE (octal thousands) 3 (140) integer 
LARGE GORE (octal thousands) 4 (1000) integer 
PROGRAM NAME 5 (PDQ08) alphanumeric 
USER NAME 5 aiphanumer ic 
CLASSIFICATION 1 (U/G) aIphanumer ic 
CHARGE GLASS 1 alphanumeric 

These f i e l d s a r e s e p a r a t e d b y commas, e x c e p t t h a t t h e r e i s a p e r i o d b e t w e e n the 
LARGE CORE v a l u e and the PROGRAM NAME. There i s a l s o a p e r i o d f o l l o w i n g the 
CHARGE CLASS w h i c h b r i n g s the t o t a l number o f co lumns t o 3 9 . The f i r s t f o u r 
co lumns o f the JOB ID i d e n t i f y t h e u s e r f o r a c c o u n t i n g p u r p o s e s , and the n e x t 
t h r e e co lumns a r e the j o b s e q u e n c e number f o r t h i s u s e r . 

The Job d e c k s u b m i t t e d b y the u s e r n o r m a l l y c o n s i s t s o f a j o b c a r d , 
f o l l o w e d b y F i l e I b n a g e r d i r e c t i v e c a r d s , f o l l o w e d b y the program e x e c u t i o n 
c a r d . A f t e r t h e s e and a n y o t h e r c o n t r o l c a r d s must f o l l o w an END-OF RECORD c a r d 
( 7 - 8 - 9 p u n c h e s i n co lumn 1 ) . The input d a t a d e c k f o l o - w s the e n d - o f - r e c o r d 
c a r d . F i n a l l y , the e n t i r e j o b d e c k i s a l w a y s t e r m i n a t e d b y an END-OF-FILE c a r d 
( 6 - 7 - 8 - 9 p u n c h e s i n co lumn 1 ) . 

The F i l e Hbnager d i r e c t i v e c a r d v ^ i c h must be i n c l u d e d t o o b t a i n the 
program In an e x e c u t a b l e form i s : 

PROGHCPDQ08) 

and the program e x e c u t i o n c a r d u s u a l l y c o n s i s t s o f the program name f o l l o w e d ' b y 
a p e r i o d s u c h a s : 

PDQ08. 

A l t e r n a t i v e l y , t h e program e x e c u t i o n c a r d may c o n s i s t o f the program name 
f o l l o w e d by one or two f i l e names e n c l o s e d i n p a r e n t h e s e s . T h i s form a l l o w s a 
change i n t h e s y s t e m f i l e names u s e d b y the program to r e a d the i n p u t d a t a 
"deck" and w r i t e the " p r i n t e r " o u t p u t . For e x a m p l e , the program e x e c u t i o n c a r d : 

PDQ08(INFILE.ODTFILE) 

w i l l c a u s e the program to o b t a i n the input d a t a "deck* from a s y s t e m f i l e named 
"INFILE" and to w r i t e the " p r i n t e r " o u t p u t o n a s y s t e m f i l e named "OUTTILE". 
The s p e c i f i c a t i o n o f a l t e r n a t e f i l e names i s p o s i t i o n d e p e n d e n t ; i . e . the 
f i r s t I s a l w a y s a s u b s t i t u t e f i l e name f o r the f i l e named "INPUT", and the 
s e c o n d I s a l w a y s a s u b s t i t u t e f i l e name f o r the f i l e named "OUTPUT". Thus , the 
form: 

i s e q u i v a l e n t to-
PDQ08. 

PDQ08(INPUT,OUTPUT) 
Either one of the two file names may be substituted separately, 
the program execution card: 

o r , e q u i v a l e n t l y : 

For exaiiqple. 

PDQ08(INFILE) 
PDQ08(INFILE,OUTPUT) 

w i l l c a u s e t h e program to o b t a i n the i n p u t d a t a "deck" from a s y s t e m f i l e named 
"INFILE* and to w r i t e the p r i n t e r o u t p u t a s i t n o r m a l l y would on a s y s t e m f i l e 
named "OUTPUT". L i k e w i s e , t h e program e x e c u t i o n c a r d : 

o r . e q u i v a a e n t l y : 
PDQ08(,OUTFILE) 
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PDQ08(INPUT,OUTFILE) 
will cause the program to obtain the input data deck as It normally would from a 
system file named "INPUT" and to write the "printer" output on a system file 
named "OUTFILE". 

Regardless of the "INPUT" file name, there may be CARDFILE cards (see 
Section 8.3) within the input data "deck" which Identify File Ibnager files 
containing card images that are to be a supplemental part of the total input 
data "deck". 
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8.2. GENERAL INPUT PREPARATION: INPUT DATA CARDS 
In general, the rules for input card manipulation are as described in 

Reference 1. In particular, input cards need not be sorted; data Is converted 
ifi f according to the format of the card ("free field"); and redundant 

removed automatically to accomodate easy input deck modification. cards are 

All input cards including those from File Manager files are listed in the 
printed output as they are converted. Comment information may follow the data 
on any card if a dollar sign is punched between the last data item and the 
comment. An asterisk or a dollar siĝ n in the first non-blank column denotes a 
card containing only conunents. One of the cards in an input deck should be a 
title card, denoted by an equal sig:̂  in the first non-blank column. The 
information on this card is used to title each page of printer output. If more 
than . one title card is present, the last such card is used. Blank cards in the 
input deck are Ignored. 

The first field on a data card is an integer which represents the CARD 
NUMBER and is followed by a comma. One exception to this is the CARDFILE card 
(see Section 8.3) used to designate File Manager card files to be used as part 
of the card input. The card number usually consists of a SERIES number (one or 
two digits), a SUBSERIES number (zero to three digits), and a SECkUENGE number 
(remaining digits). The series and subseries numbers identify the type of data 
on the card; the sequence number begins at 1 for each subseries although not 
all card series require sequentially numbered cards. 

Data cards are divided into fields of arbitrary length, with the fields 
separated by commas and the comma following the last field optional. Each field 
contains an integer number, a floating point number, or an alphanumeric 
Identifier. Leading and trailing blanks are Ignored in all fields, and embedded 
blanks are ignored in numeric fields. 

The Integer.format is: 

and the floating point format is: 
Sxx...XX 

Sxx...xxSyy, 
vAiere the S s tands for e i t h e r a plus (••■) s i g n or a minus ( - ) s i g n and where the 
l ead ing s i g n may be dropped i f i t i s plus and where each x and y i s a decimal 
d i g i t or a blank. In the f l o a t i n g point format the decimal point i s assumed to 
precede the f r a c t i o n a l part and the s igned one or two d i g i t exponent must be 
p r e s e n t . The f l o a t i n g po in t format may o p t i o n a l l y be s i g n i f i e d by us ing a 
decimal point in the f r a c t i o n a l part , and in t h i s form, the s igned one or two 
d i g i t exponent i s o p t i o n a l . An alphanumeric f i e l d must conta in at l e a s t one 
non-numeric character or must be enc losed in parentheses . A non-numeric 
character i s any character other than +, - , . , 0 through 9 , or the blank 
charac ter . In the body of the text for some s e c t i o n s of t h i s r e p o r t , 
alphanumeric data having a "blank* value i s mentioned. This type of data can be 
input by inc luding a f i e l d on the input card ^ I c h c o n s i s t s of from zero to ten 
blank charac ters enc losed In parentheses . 

Note that a l l input descr ibed in t h i s manual i s Integer unles s f l o a t i n g 
point or alphanumeric Is e x p l i c i t l y i n d i c a t e d . All cards except the CARDFILE 
card( s ) may be continued i n d e f i n i t e l y by d e s i g n a t i n g a c o n t i n u a t i o n card as one 
which has a plus s l g ^ as the f i r s t non-blank charac ter . 

Severa l d i f f e r e n t types of input are s p e c i f i e d in EXPANSION format. This 
format c o n s i s t s of s e t s of data , each s e t c o n t a i n i n g one or more data items 
fol lowed by an i n t e g e r . The data items are the parameters to be expanded and 
the i n t e g e r i s the terminat ion point for the expansion. The expansion begins at 
the terminat ion point of the prev ious s e t and cont inues to the terminat ion point 
of the current s e t . These terminat ion p o i n t s are g e n e r a l l y something l i k e 

^^Tciu*^?n^;^:^v%rq:Jn?e:"Vi;;r:ru;ce'::lu:r?J?,exaSie?'rrrspl^i?ieS 
i n the form: 

S ( l ) , c ( l ) , S ( 2 ) . c ( 2 ) , . . . , 
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indicating that S(1) is the source to be associated with compositions 1 through 
c(l), S(2) with compositions c())-«-l through c(2), and so forth. Similarly, mesh 
Intervals are specified in the form: 

M(l),p(l),H(2).p(2),. . . 
Here H( 1) Is the mesh associated with each of the intervals between points 0 and 
p(1) and M(2) with each of the intervals between points p(1) and p(2). 

In addition, several different types of input are specified in OVE31LAY 
format. This format consists of triplets of data: the second item in each 
triplet is expanded over a range whose beginning value is the first item in the 
triplet and whose ending value is the third item in the triplet. For example, 
composition correspondences are specified in the form: 

r(l),C(l),r(2), r(3),C(2),r(4) 
Indicating that C(1) is the composition number to be assigned to planar regions 
r(1) through r(2), G(2) is the composition number to be assigned to planar 
regions r(3) through r(4), and so forth. Within each triplet, the range value 
r(i+l) must be greater than or equal to the range value r(i), but there is no 
required relationship of the range values from triplet to triplet. The overlay 
process is done in order of the appearance of the triplets so that later 
occurrences of a range value will replace an earlier occurrence. For example, 
consider the following data for composition correspondences: 

300,1,400, 200,2,300, 250,3,350,..., 
This set of three triplets will assign composition 2 to planar regions 200 
through 249, composition 3 to planar regions 250 through 350, and composition 1 
to planar regions 351 through 400. 

The number of data fields may vary from card to card in any series or 
subseries. In general, the input data cards may appear in any order except that 
continuation cards must, of course, be contiguous except for possible 
intervening comment cards. If two or more cards have the same card number, 
however, only the last of these cards is retained. If this last card contains 
no data (with or without a trailing comma), it also is not retained and thus 
previous cards with this card number are effectively deleted. 

Note that every Input restriction stated in this manual is checked by the 
program. The program makes very extensive consistency checks on the input data 
and will continue checking through all of the input unless the master control 
data card (010001) is in error. A problem which violates one or more 
restrictions will be rejected with appropriate error comments. These comments 
are usually of the form: 

******** ITEM 1 ON CARD c IN ERROR. 
There are other, more explicit, error comments printed for some input errors but 
it Is always true that every possible input error comment printed by the program 
is headed by eight asterisks, a blank space, then followed by the error message. 

In addition, if any card is not used by the program, it is printed in the 
problem output, it is considered an input error, and the problem is rejected. 
This condition is usually caused by inconsistent options being designated or by 
some other dependent input error. 
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8 . 3 . GENERAL INPUT PREPARATION: HULTIPLE CASES 

A s i n g l e Job may c o n s i s t o f s e v e r a l r e l a t e d o r u n r e l a t e d c a s e s . In a n y 
c a s e o f a J o b , the c a s e d e c k may be s u p p l e m e n t e d b y c a r d i n p u t from one o r more 
F i l e I b n a g e r f i l e s . Card f i l e i n p u t i s d e s i g n a t e d b y the p r e s e n c e o f a c a r d 
w i t h the word CARDFILE i n p l a c e o f the c a r d number a n d . i f p r e s e n t c o n t a i n s from 
two to t h r e e v a l u e s . These v a l u e s i n d i c a t e the F i l e Tbnager i d e n t i f i c a t i o n and 
the c a s e number w i t h i n t h e c a r d f i l e to e x t r a c t and add to the c u r r e n t c a r d 
i n p u t . These CARDFILE c a r d s may n o t be c o n t i n u e d but a s many s u c h c a r d s may be 
p r e s e n t a s a r e n e e d e d . Note t h a t d u p l i c a t e CARDFILE c a r d s do n o t r e p l a c e e a c h 
o t h e r a s do c a r d numbered c a r d s but s i m p l y add to e a c h o t h e r . The c a r d f i l e s 
a r e a c c e s s e d i n the o r d e r o f the CARDFILE c a r d s i d e n t i f y i n g them and the 
r e s u l t a n t c a s e d e c k f o r the Job c o n s i s t s o f the c a r d f i l e i n f o r m a t i o n ( i n o r d e r 
o f a c c e s s ) f o l l o w e d b y the c a r d i n p u t f o r the c u r r e n t c a s e o f the J o b . In the 
d e s c r i p t i o n w h i c h f o l l o w s , i t i s t h i s e f f e c t i v e c a r d input w h i c h w i l l be 

An END-CASE c a r d i s r e q u i r e d b e t w e e n c a s e d e c k s and an END-INPUT c a r d 
s h o u l d f o l l o w the l a s t c a s e d e c k . The e n d - c a s e c a r d I s d e s i g n a t e d by a s l a s h i n 
the f i r s t n o n - b l a n k co lumn and the e n d - i n p u t c a r d b y a p e r i o d i n the f i r s t 
n o n - b l a n k c o l u m n . Note t h a t the e n d - i n p u t c a r d r e p l a c e s the e n d - c a s e c a r d f o r 
the l a s t c a s e and t h a t b o t h may n o t be p r e s e n t . 

The input d e c k f o r the f i r s t c a s e must be c o m p l e t e , b u t the c a r d s f o r e a c h 
s u c c e e d i n g c a s e n e e d o n l y r e p r e s e n t c h a n g e s to be made i n the input o f the 
p r e v i o u s c a s e . One s u c h c a r d i n e a c h c a s e s h o u l d be a t i t l e c a r d to a l t e r the 
o u t p u t page t i t l e . I f a c h a n g e c a r d d u p l i c a t e s a c a r d number i n the p r e v i o u s 
c a s e , the new c a r d r e p l a c e s t h e o l d . If the new c a r d c o n t a i n s no d a t a , i t a l s o 
i s d e l e t e d , t h u s e f f e c t i v e l y d e l e t i n g a l l p r e v i o u s c a r d s w i t h t h a t c a r d number. 
I f a c h a n g e c a r d c o n t a i n s a new c a r d number, i t i s added to the p r e v i o u s c a s e 
i n p u t . Such a c a r d must c o n t i n u e the s e q u e n c e numbering ( i f r e q u i r e d f o r t h a t 
s e r i e s o f c a r d s ) o f the s e r i e s to w h i c h i t i s appended . In a n y c a s e o f a J o b , 
c a r d s n o t u s e d b y the program a r e l i s t e d and a r e c o n s i d e r e d i n p u t e r r o r s . 

From c a s e t o c a s e , c e r t a i n c a r d s a r e d e l e t e d . Hence , i f t h e y a r e d e s i r e d , 
t h e s e c a r d s must be r e - s u p p l i e d w i t h the input f o r e v e r y c a s e . Host o f t h e s e 
c a r d s c o n t a i n d a t a s e l e c t i n g c e r t a i n e d i t s w h i c h produce a l a r g e q u a n t i t y o f 
p r i n t e d o u t p u t . The r e m a i n i n g c a r d s a r e d e l e t e d s o t h a t a c c i d e n t a l e x e c u t i o n o f 
a n i m p r o p e r l y s p e c i f i e d c a s e i s l e s s l i k e l y to o c c u r . The f o l l o w i n g i s a l i s t 
o f the c a r d s w h i c h a r e d e l e t e d from c a s e to c a s e . 

CARDFILE i n p u t c a r d f i l e d e s c r i p t o r s 
010005 po lntwlse f l u x , mixing c o e f f i c i e n t e d i t 
010006 p o l n t w l s e , meshwise power e d i t 
010007 meshwlse concentra t ion e d i t 
010009 p i c t u r e e d i t (non-quaadriatera l ) 
010010 input e d i t s 

010034-010035 c o n t r o l s earch data (2-D,3-D) 
010052 c o n t r o l s e a r c h data (1-D) 

010101-010109 replacement compoostions 
010151-010169 meshwise concentra t ion e d i t i d - s 
010171-010179 nuc l ide replacement i d - s 

010200 q u a d r i l a t e r a l geometry gr id d i s t o r t i o n e d i t 
010201-010299 q u a d r i l a t e r a l geometry p i c ture e d i t 
010300-010399 blockwlse e d i t 

017000 b lock c o l l a p s i n g e d i t 
020101-020399 d i s p l a y e d i t 

030000 compos i t ion correspondence s e l e c t i o n 
200000-211999 sub-case data 

600000 s y n t h e s i s r e s i d u a l e d i t 

In a d d i t i o n , i f a geometry f i l e i s input to a c a s e , a l l geometry card 
input: 
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0 5 0 0 0 0 - 0 5 9 9 9 9 p l a n a r mesh i n t e r v a l s 
0 6 0 0 0 1 - 0 6 1 9 9 9 b l o c k p l a n e b o u n d a r i e s 
0 7 0 0 0 1 - 0 7 0 9 9 9 a x i a l mesh I n t e r v a l s 
1 5 0 0 0 1 - 1 5 0 9 9 9 f i n e b l o c k r e g i o n s 
1 6 0 0 0 0 - 1 6 0 9 9 9 c h a n n e l b i a s d a t a 
1 7 0 0 0 1 - 1 7 0 9 9 9 f i n a l f i g u r e o v e r l a y 
1 8 0 0 0 1 - 1 8 0 9 9 9 p l a n a r r e g i o n a r e a s 
7 0 0 0 0 0 - 7 9 9 9 9 9 c h a n n e l / t r a c k d a t a 
8 0 0 1 0 0 - 8 9 9 9 9 9 b a s i c f i g u r e d a t a 
9 0 0 1 0 0 - 9 9 9 9 9 9 s u p e r f i g u r e ( o r compound f i g u r e ) d a t a 

i s d e l e t e d , but o n l y f o r t h a t c a s e ; i . e . i f a g e o m e t r y f i l e i s n o t i n p u t t o 
the n e x t c a s e , t h i s d a t a , i f p r e s e n t f o r the c u r r e n t c a s e , w i l l c a r r y ofrer i n t o 
the n e x t c a s e . If a g e o m e t r y f i l e i s Input to a c a s e and c o m p o s s t i o n 
c o r r e s p o n d e n c e s a r e n o t to be c h a n g e d , t h e n c a r d s 0 3 0 0 0 1 - 0 3 9 9 9 9 a r e d e l e t e d i n 
the same way. L i k e w i s e , i f the p r o b l e m t y p e i s n o t s y n t h e s i s a l l s y n t h e s i s c a r d 
input i s d e l e t e d f o r t h a t one c a s e to f a c i l i t a t e two d i m e n s i o n a l e x p l i c i t t r i a l 
f u n c t i o n c a l c u l a t i o n s r e q u i r e d f o r s y n t h e s i s s o l u t i o n s . 

OuL c a r d , i f p r e s e n t i n a n y c a s e , i s t r e a t e d i n a s p e c i a l way. The c a r d 
w i t h c a r d number 0 1 0 0 2 2 c o n t a i n i n g o u t p u t F i l e Ifonager f i l i n g i n d i c a t o r s ( o r 
z e r o e s ) , i s m o d i f i e d In s u b s e q u e n t c a s e s a s i f t h e u s e r had r e p l a c e d the c a r d 
and i n c r e m e n t e d b y u n i t y e a c h n o n - z e r o v a l u e on the c a r d . Of c o u r s e , i f t h i s 
c a r d i s changed by t h e u s e r i n some c a s e , the a c t u a l d a t a Input on the c a r d i s 
u s e d . 

With t h e e x c e p t i o n s n o t e d , t h e r e s u l t i n g i n p u t f o r a p a r t i c u l a r c a s e i s 
e x a c t l y e q u i v a l e n t to t h a t o b t a i n e d b y r e m o v i n g a l l p r e c e d i n g e n d - c a s e c a r d s and 
r u n n i n g a s the f i r s t c a s e o f a J o b . To f a c i l i t a t e the r e s t a r t i n g o f a j o b i n 
o t h e r than the f i r s t c a s e , a r e s t a r t o p t i o n i s a v a i l a b l e - d t i c h w i l l s i m u l a t e t h e 
e x a c t c a s e - t o - c a s e p r o c e s s i n g o f i n p u t down to t h e s e l e c t e d c a s e to be r u n . 
Note a l s o t h a t , i n g e n e r a l , the c a s e s o f a j o b a r e r e l a t e d o n l y t h r o u g h the 
d e s c r i b e d p r o c e s s i n g o f the i n p u t d e c k . In f a c t , c a s e s c a n be u s e d to r u n 
c o m p l e t e l y u n r e l a t e d p r o b l e m s ; e . g . one c a s e c o u l d be a one d i m e n s i o n a l 
p r o b l e m , the n e x t c a s e a two d i m e n s i o n a l p r o b l e m , and t h e n e x t a t h r e e 
d i m e n s i o n a l p r o b l e m . In p a r t i c u l a r , q u a n t i t i e s s u c h a s f l u x and c o n c e n t r a t i o n s 
w h i c h a r e c a l c u l a t e d i n one c a s e a r e n o t a u t o m a t i c a l l y a v a l i a b l e to the n e x t 
c a s e . T h i s c o u p l i n g o f f i l e i n f o r m a t i o n c a n o n l y be a c c o m p l i s h e d b y i n c l u d i n g 
c o n t r o l input w h i c h c a u s e s t h e s e f i l e s to be s t o r e d ( i n F i l e Ifanager f i l e s ) i n 
one c a s e and r e t r i e v e d i n a l a t e r c a s e o r b y t h e u s e o f s u b - c a s e s ( s e e S e c t i o n 
8 . 4 ) . 
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8 . 4 . GENERAL INPUT PREPARATION: SUB-CASES 

Somet imes the f u l l c a p a b i l i t y o f the program t o c h a n g e a n y o r a l l i n p u t 
d a t a from c a s e to c a s e i s n o t r e q u i r e d ; e . g . a s i n a s i m p l e d e p l e t i o n t h r o u g h 
m u l t i p l e t i m e s t e p s . In s u c h a p r o b l e m , i t i s p o s s i b l e t o d i r e c t the program to 
i n t e r n a l l y r e t a i n most o f t h e i n f o r m a t i o n n o r m a l l y communicated v i a F i l e Nbnager 
f i l e s d u r i n g c a s e to c a s e e x e c u t i o n . 

Very b r i e f s e t s o f d a t a may be i n p u t i n one c a s e t o a c c o m p l i s h a " m u u l i p l e 
c a s e " c a l c u l a t i o n . E a c h s e t o f d a t a d e f i n e s up to e l e v e n q u a n t i t i e s to be 
v a r i e d from s t e p to s t e p . These s t e p s a r e c a l l e d SUB-CASES. T h i s d a t a c a n be 
i n p u t i n a n y c a s e and may be u s e d i n a n y p r o b l e m type e x c e p t t h r e e - d i m e n s i o n a l 
s y n t h e s i s . The s u b - c a s e d a t a c a r d s a r e d e l e t e d from c a s e to c a s e and a l l a r e 
c h e c k e d i n t h e p a r e n t c a s e ( t h e c a s e In w h i c h the c a r d d a t a a p p e a r s ) b e f o r e a n y 
s S - c a s e i s e x e c u t e d . S u b - c a s e s may be f r e e l y I n t e r m i x e d w i t h normal c a s e s . 

A s u b - c a s e c a l c u l a t i o n u s e s c a r d d a t a i n p u t to the p a r e n t c a s e m o d i f i e d b y 
a s e t o f s u b - c a s e d a t a . A l s o , e a c h s u b - c a s e c a l c u l a t i o n u s e s any o f t h e 
t a b l e s e t , p o i n t w i s e f l u x , I n t e g r a t e d f l u x , c o n c e n t r a t i o n , and g e o m e t r y f i l e s 
w h i c h may have b e e n i n p u t to t h e p a r e n t c a s e o r c a l c u l a t e d i n the p r e v i o u s 
s u b - c a s e w h e t h e r the c a l c u l a t e d f i l e s a r e s a v e d In o u t p u t F i l e I b n a g e r f i l e s or 
n o t . 

I t must be e m p h a s i z e d t h a t o n l y c e r t a i n i t e m s o f input d a t a may be c h a n g e d 
from s u b - c a s e t o s u b - c a s e ; t h a t i s , the f l i e s m e n t i o n e d p r e v i o u s l y a r e 
a u t o m a t i c a l l y c a r r i e d o v e r ( i n t e r n a l to the program) from the p r e v i o u s s u b - c a s e 
and o n l y the s p e c i f i e d i n p u t s u b - c a s e d a t a i t e m s ( s e e S e c t i o n 1 3 . 1 ) m a y b e 
changed from s u b - c a s e t o s u b - c a s e . A l l o t h e r d a t a i t e m s s p e c i f i e d i n the p a r e n t 
c a s e a r e assumed t o h o l d f o r a l l s u b - c a s e s . In p a r t i c u l a r , a l l e d i t r e q u e s t s 
w h i c h a r e n o r m a l l y d e l e t e d from c a s e to c a s e a r e NOT d e l e t e d from t h e p a r e n t 
c a s e t h r o u g h o u t the e x e c u t i o n o f the s u b - c a s e s . However, the e d i t s per formed 
d u r i n g i n p u t p r o c e s s i n g ( g e o m e t r y , HARM)NY, p i c t u r e ) a r e done o n l y i n the 
f i r s t s u b - c a s e , s i n c e t h e i n p u t p r o c e s s i n g s e c t i o n s o f the program a r e n o t 
e x e c u t e d d u r i n g s u c c e e d i n g s u b - c a s e s . I n c i d e n t a l l y , some v e r y s m a l l p r o b l e m s 
f o r w h i c h the i n p u t p r o c e s s i n g a c c o u n t s f o r a s i g n i f l e a n t p o r t i o n o f t h e r u n n i n g 
t ime c a n b e n e f i t s u b s t a n t i a l l y b y t h e u s e o f s u b - c a s e s . A r e s t a r t c a p a b i l i t y , 
s i m i l a r t o t h a t d e s c r i b e d f o r s k i p p i n g c a s e s , i s a v a l l a b l e to b e g i n e x e c u t i o n a t 
o t h e r t h a n t h e f i r s t s u b - c a s e . 
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T h i s c h e c k l i s t i s i n t e n d e d a s a b r i e f d e s c r i p t i o n o f the input to the 
program. The l i s t i s v e r y a b b r e v i a t e d s i n c e most o f t h e i n p u t d e s c r i b e d i s 
t r e a t e d more e x t e n s i v e l y i n o t h e r s e c t i o n s o f t h i s manual . A c o p y o f t h i s c h e c k 
l i s t i s e a s i l y o b t a i n a b l e d i r e c t l y from the program: i t i s t h e o u t p u t o f a 
p r o b l e m h a v i n g no i n p u t d a t a c a r d s . However, u n l i k e the program g e n e r a t e d c h e c k 
l l ^ t , the f o l l o w i n g I n c l u d e s w i t h e a c h c a r d a t l e a s t one [ C h a p t e r . S e c t i o n l p a i r 
w h i c h p o i n t s to the s e c t i o n o f t h i s manual c o n t a i n i n g a more d e t a i l e d 
d e s c r i p t i o n o f t h a t c a r d . 

CARDFILE ( o p t i o n a l ) [ 9 . 2 1 
Case number, v e r s i o n number, and o p t i o n a l synonym i d e n t i f y i n g a c a r d f i l e . 
Card may n o t be c o n t i n u e d but a s many c a r d s a s r e q u i r e d may be p r e s e n t , 
e a c h i d e n t i f y i n g one c a s e from one card f i l e to be a c c e s s e d i n the o r d e r 
oi t h e s e s p e c i f i c a t i o n c a r d s . L e a d i n g , t r a i l i n g , and embedded blaxiks a r e 
a l l o w e d i n the word CARDFILE. I f the synonym I s o m i t t e d or i s a b l a n k 
v a l u e , the d e f a u l t synonym u s e d I s CARDS. The d a t a t y p e f o r t h e s e f i l e s 
i s 2 1 . T h i s c a r d i s d e l e t e d from c a s e to c a s e . 

0 0 0 0 0 0 ( o p t i o n a l ) £ 1 6 . 1 1 
Card numbers o f c a r d s to be d e l e t e d f o r t h i s c a s e o n l y , a f t e r c a r d i n p u t 
c o n v e r s i o n but b e f o r e p r o c e s s i n g . A n e g a t i v e v a l u e I n d i c a t e s t h a t c a r d s 
w i t h c a r d numbers from the p r e v i o u s v a l u e t h r o u g h t h i s v a l u e a r e to be 
d e l e t e d . A l l d e l e t e d c a r d s w i l l a g a i n a p p e a r i n the n e x t c a s e ( i f any) a s 
w i l l c a r d 0 0 0 0 0 0 u n l e s s o t h e r s p e c i f i c c a r d r e p l a c e m e n t i s d o n e . 

0000XX ( o p t i o n a l ) [ 1 6 . 1 1 
O v e r r i d e o f the e x p l i c i t - t t e r a t i o n s t r a t e g y p a r a m e t e r s . The p a r a m e t e r 
s p e c i f i e d d e p e n d s on the v a l u e o f XX a s f o l l o w s . . . 
0 1 . SIGMA ( s e c o n d to f i r s t mode r a t i o ) g u e s s , 
0 2 . Inner i t e r a t i o n e r r o r r e d u c t i o n c r i t e r i o n , 
0 3 . M u l t i p l i c a t i v e f a c t o r i n max. f l u x to t e s t , 
0 4 . Y e s / n o ( 0 / 1 ) i n n e r i t e r a t i o n e d i t i n d i c a t o r , 
0 5 . tbximum number o f o u t e r i t e r a t i o n s , 
0 6 . One o r n i n e ( 0 / 1 ) p o i n t s i g . - t o t a l t r e a t m e n t , 
0 7 . F i r s t o u t e r i t e r a t i o n to b e g i n C h e b y s h e v e x t r a p o l a t i o n , 
0 8 . I n i t i a l C h e b y s h e v c y c l e number, 
0 9 . C r i t e r i o n o n GAHHA to b e g i n Ghebyshev , 
10 . C r i t e r i o n o n EPS. t o b e g i n Ghebyshev , 
1 1 . Minimum C h e b y s h e v d e g r e e b e f o r e new c y c l e , 
12 . C r i t e r i o n f o r OMEGA c o n v e r g e n c e , 
1 3 . Number o f i n n e r i t e r a t i o n s p e r p a s s i n OMEGA, 
14. Number o f p a s s e s p e r g r o u p i n OMEGA, 
15. Y e s / n o ( 0 / 1 ) OMEGA I t e r a t i o n e d i t i n d i c a t o r . 
16 . F i n a l e i g e n v a l u e f o r c h e c k i n g . 
17. E p s i l o n c r i t e r i o n f o r f i n a l e i g e n v a l u e c h e c k i n g . 
18 . Y e s / n o ( 0 / 1 ) p e r f o r m . f i n a l s p a t i a l a f t e r f e e d b a c k s . 

0 0 0 1 0 0 ( o p t i o n a l ) [ 1 6 . 1 1 
O v e r r i d e o f the g e o m e t r y b i t p a c k i n g p a t t e r n g i v i n g , i n o r d e r , t h e b i t 
w i d t h s f o r f i n a l f i g u r e , p l a n a r r e g i o n , c h a n n e l , t r a c k , and h e x a g o n a l 
t r a n s f o r m a t i o n number. 

0 0 0 2 0 0 ( o p t i o n a l ) [ 1 6 . 1 1 
O v e r r i d e o f the i n i t i a l number o f t r a c k s p e r d i s k . I f p o s i t - v e , the u s e 
o f d i s k s w i l l be f o r c e d . I f p o s i t i v e and e q u a l to 1 modulo 100 , d i s k 
checksumming w i l l be d o n e . I f z e r o , the program w i l l d e c i d e . I f 
n e g a t i v e , d i s k s w i l l n o t be u s e d . A s e c o n d i t e m ( i f z e r o ) on t h i s c a r d 
c a n be u s e d to o v e r r i d e a u t o m a t i c r e s t a r t s a f t e r a machine e r r o r . 

0 0 1 0 0 0 ( o p t i o n a l ) [ 1 6 . 1 1 
I f t h i s c a r d i s p r e s e n t ( w h e t h e r i n e r r o r or n o t ) and c o n t a i n s any t y p e o f 
input J u s t to i n d i c a t e the p r e s e n c e o f the c a r d , t h e p a t h i n d i c a t e d o n 
c a r d 0 1 0 0 0 0 i s i g n o r e d and s e t to 7 ( i n p u t c h e c k a l l c a s e s , no f i l i n g ) . 
T h i s a l l o w s an i n p u t c h e c k o f o t h e r d a t a o n c a r d 0 1 0 0 0 0 . 

0 0 2 0 0 0 ( o p t i o n a l ) [ 1 6 . 1 1 
T h i s c a r d c a n be u s e d to r e d u c e o u t p u t volume b y c o n t r o l l i n g the page 
r e s t o r e s f o r a l l e d i t i n g e x c e p t a t the b e g i n n i n g o f a c a s e and a l l p i c t u r e 
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e d i t i n g and a l l m e s h e d i t s . The f i r s t i t e m i s t h e number o f l i n e s t h a t 
c a n a l r e a d y be p r i n t e d o n a p a g e b e f o r e a p a g e r e s t o r e w i l l be d o n e f o r a 
new t y p e o r c o 1 l e c t i o n o f o u t p u t ( d e f a u l t t o z e r o ) , and t h e s e c o n d i t e m is 
t h e number of l i n e s l e f t o n a p a g e f o r w h i c h no new s e t ( o f t h e same t y p e ) 
o f o u t p u t w i n b e g i n i f t h e w h o l e s e t w i l l n o t f i t ( d e f a u l t t o 1/2 p a g e ) . 

0 1 0 0 0 0 ( o p t i o n a l ) [ 9 . 1 1 
P a t h , s l i c i n g p l a n e , r e s t a r t c a s e , r e s t a r t s u b - c a s e , and D - s o u r c e s l i c i n g 
p l a n e . A l l o w a b l e p a t h v a l u e s a r e . . . 

1 = C a l ^ l a ? e t s ; n t h e s i s l i b r a r y i n t e g r a l s , 
2 = C o m p l e t e r e - e d i t , 
3 = D e p l e t e o n l y , 
4 = E d i t v o l u m e - w e i g h t e d m a c r o s c o p i c d a t a , 
5 = E d i t p o i n t w i s e f l u x , 
6 = I n p u t c h e c k and f i l i n g , 
7 = I n p u t c h e c k and no f i l i n g , 
8 = D e p l e t e and c a l c u l a t e p o w e r . 

0 1 0 0 0 1 [ 9 . 1 1 
P r o b l e m t y p e , a d j o i n t i n d i c a t o r , g r o u p s , t h e r m a l g r o u p s , b l o c k i n g t y p e , 

;iri'?.»irjiJ.''f"J c'i;:ip.iifs:: ci^^t,^.^, 'tttr'i.i^s^ 
p l a n e b o u n d a r y , d i a g o n a l c o l u m n , i n p u t m e s h u n i t s . 

010002 [9.11 
Boundary conditions for column zero, column boundary, row zero, row 
boundary, plane zero, plane boundary. 

010003 [9.11 
Eif!:?r!i!^!_f^!!!:_i*!!:!tio^.co^r!!:f!f!!-para!^l!!: 

0 1 0 0 0 4 [ 9 . 1 1 
CHI v a l u e s b y g r o u p . 

0 1 0 0 0 5 ( o p t i o n a l ) [ 1 2 . 3 1 
P o i n t w i s e f l u x e d i t a n d / o t s y n t h e s i s m i x i n g c o e f f i c i e n t e d i t + p l o t 
r e q u e s t s . The f i r s t s i x i t e m s d e s c r i b e t h e e d i t r e g i o n t o be p r i n t e d 
( f i r s t and l a s t c o l u m n s , f i r s t and l a s t r o w s , f i r s t and l a s t p l a n e s ) t h e n 
f o l l o w e d i t i n d i c a t o r s f o r e a c h g r o u p f o l l o w e d b y a t w o - t h e r m a l - g r o u p - s u m 
e d i t i n d i c a t o r . T h i s c a r d i s d e l e t e d f rom c a s e t o c a s e . 

0 1 0 0 0 6 ( o p t i o n a l ) [ 1 2 . 3 1 
P o i n t a n d mesh power e d i t r e q u e s t s . The f i r s t s i x i t e m s d e s c r i b e t h e e d i t 
r e g i o n t o be p r i n t e d ( f i r s t a n d l a s t c o l u m n s , f i r s t and l a s t r o w s , f i r s t 
and l a s t p l a n e s ) t h e n f o l l o w t h e p o i n t w i s e power e d i t r e q u e s t , p a r t i t i o n 
power e d i t r e q u e s t , a n d b l o c k power e d i t r e q u e s t . F o r 1-D o n l y , i f l a s t 
p l a n e i s n e g a t i v e , b l o c k power i s p r i n t e r - p l o t t e d a s w e l l a s p r i n t e d . F o r 
t h e b l o c k power e d i t , a n e d i t o f t h e maximum b l o c k power v a l u e f o r e a c h 
b l o c k p l a n e i s a l s o e d i t e d , and f o r t h i s e d i t , t h e e n t i r e r a d i a l s p a c e i s 
s c a n n e d f o r t h e d e s i g n a t e d p l a n e s . I f t h e b l o c k power o p t i o n i s n e g a t i v e , 
o n l y t h e maximum e d i t i s d o n e . T h i s c a r d i s d e l e t e d f rom c a s e t o c a s e . 

0 1 0 0 0 7 ( o p t i o n a l ) [ 1 2 . 4 1 
E d i t r e g i o n d e s c r i p t i o n f o r c o n c e n t r a t i o n e d i t s b y mesh ( f i r s t a n d l a s t 
c o l u m n s , f i r s t and l a s t r o w s , f i r s t and l a s t p l a n e s ) . T h i s d a t a d e f a u l t s 
t o be t h e e n t i r e p r o b l e m v o l u m e . F o r 1-D o n l y , i f l a s t p l a n e i s n e g a t i v e , 
c o n c e n t r a t i o n s a r e p r i n t e r - p l o t t e d a s w e l l a s p r i n t e d . T h i s c a r d i s 
d e l e t e d f r o m c a s e t o c a s e . 

0 1 0 0 0 8 ( d e p l e t i o n ) [ 9 . 1 1 
Time z e r o , t i m e o n e , d e l t a t max, power l e v e l , d e p l e t i o n p a t h i n d i c a t o r . 

0 1 0 0 0 9 ( o p t i o n a l ) [ 1 0 . 6 1 
P i c t u r e e d i t r e q u e s t s f o r f i n a l f i g u r e s , p l a n a r r e g i o n s , c h a n n e l s , t r a c k s , 
h e x a n g l e t r a n s f o r m a t i o n s . T h i s c a r d i s d e l e t e d f rom c a s e t o c a s e . 

0 1 0 0 1 0 ( o p t i o n a l ) [ 1 2 . 1 1 
I n p u t e d i t r e q u e s t s a s f o 1 l o w s . . . c a r d i n p u t g e o m e t r y d a t a , c a r d i n p u t 
c o n c e n t r a t i o n s b y c o m p o s i t i o n , h a r m o n y i n p u t d a t a , e d l t - s e t a n d 
p l a n e - g r o u p l u g d a t a , v o l u m e - w e i g h t e d macro d a t a . A l l i t e m s 0 / l = n o / y e s 
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except use 
c a s e . 

- 1 for p a r t i a l harmony e d i t . This ca rd is d e l e t e d from case to 

01OO1X ( o p t i o n a l ) [9 .21 
Each ca rd p r e s e n t c o n t a i n s a v e r s i o n number and o p t i o n a l synonym 
i d e n t i f y i n g F i l e Hanager input f i l e s . If on ly the v e r s i o n number Is 
s u p p l i e d o r if the s u p p l i e d synonym i s a b l a n k v a l u e , a d e f a u l t synonym Is 
used. Each ca rd i d e n t i f i e s a d i f f e r e n t f i l e a s f o l l o w s s . . 

. .X . .Type. . Input F i l e I d e n t i f i e d Defau l t Synonym 
1 200 Tab U s e t s 
2 220 Po in tw i se Flux 
3 252 C o n c e n t r a t i o n s 
4 251 Geometry 
5 253 I n t e g r a t e d Flux 
6 228 S y n t h e s i s I n t e g r a l L i b r a r y 
7 256 Mesh F igure 
8 2 5 1 ( O l d ) E x p a n s i o n G e o m e t r y 

As a s p e c i a l f e a t u r e , i f t h e 
u s e s t h a t f i l e o u t p u t i n ^ „ >.„„ „„^ „ ^ „ . 
synonym ( i f a n y ) i s i g n o r e d ) . I f - 1 i s s p e c i f i e d o n t h e s e c a r d s i n t h e 
f i r s t c a s e , t h e o u t p u t v e r s i o n number l e s s one and t h e o u t p u t synonym w i l l 
be u s e d u n l e s s t h e r e s u l t i n g v e r s i o n number i s l e s s t h a n o r e q u a l t o z e r o 
i n w h i c h c a s e i t i s t r e a t e d a s i f no i n p u t f i l e of t h a t t y p e i s d e s i r e d 

TABLESETS 
POINTFLUX 
GONGENTRAT 
GEOMETRY 
INTEGFLUX 
SYNTHLIB 
FIGURES 
GEOMETRY 

v e r s i o n number I s - 1 ( m i n u s o n e ) , t h e p r o g r a m 
t h e p r e v i o u s c a s e o r s u b c a s e ( t h e s p e c i f i e d 

010021 ( o p t i o n a l ) [ 9 . 2 1 
Card c o n t a i n s f rom 1 to 11 o u t p u t f i l e synonyms 
i d i e t h e r o r n o t a n y o r a l l of t h e o u t p u t f i l e s 
v a l u e s a r e s u p p l i e d f o r m i s s i n g o r b l a n k v a l u e s 

. O u t p u t F i l e I d e n t i f i e d 
P o i n t w i s e F l u x 
C o n c e n t r a t i o n s 
P a r t i t i o n Power 
E d i t I n t e g r a l s 
G e o m e t r y 
C r o s s B l o c k Power 
I n t e g r a t e d F l u x 
S y n t h e s i s M i x i n g C o e f f i c i e n t s 
S y n t h e s i s I n t e g r a l L i b r a r y 
F i n e B l o c k Power 
H e s h F i g u ' e 

and may be s p e c i f i e d 
re to be s a v e d . D e f a u l t 
and t h e o r d e r i s a s 

I tern. .Type 
1. 2 2 0 
2. 252 
3. 2 2 2 
4. 224 
5. 251 
6. 254 
7. 253 
8. 229 
9. 228 
10. 255 
11. 256 

D e f a u l t Synonym 
POINTFLUX 
GONGENTRAT 
PARTPOWER 
EDITINTEG 
GEOMETRY 
GBOSSPOWER 
INTEGFLUX 
SYNTHHIX 
SYNTHLIB 
FINEPOWER 
FIGURES 

0 1 0 0 2 2 ( o p t i o n a l ) [ 9 . 2 1 
Card c o n t a i n s u p t o 11 o u t p u t f i l i n g I n d i c a t o r s f o r f i l e s i n t h e same 
o r d e r a s i n d i c a t e d f o r c a r d 0 1 0 0 2 1 . I n e a c h p o s i t i o n , z e r o i n d i c a t e s no 
o u t p u t f i l i n g i s t o be done and n o n - z e r o s p e c i f i e s t h e o u t p u t f i l e - v e s i o n 
number . If t h i s c a r d i s m i s s i n g , e a c h v a l u e i s a s sumed to be z e r o a s a r e 
a n y m i s s i n g v a l u e s . If t h e c a r d i s p r e s e n t i n a n y c a s e , e a c h s u c c e s s i v e 
c a s e and s u b - c a s e w i l l i n c r e m e n t b y one e a c h n o n - z e r o v a l u e u n t i l t h i s 
c a r d i s a g a i n s u p p l i e d . 

010031 (control search, 2-D/3-D) [15.2,15.31 
For a po i son s e a r c h . . . d e s i r e d e i g e n v a l u e , e p s i l o n s e a r c h c r i t e r i o n , 
p r e - s e a r c h i t e r a t i o n e p s i l o n , wor th g u e s s , maximum number of s e a r c h t r i e s , 
numeric ID of n u c l i d e to v a r y . For a movable fuel or c o n t r o l rod 
s e a r c h . . . o n l y the f i r s t t h r e e items should be s p e c i f i e d . 

010032 ( c o n t r o l s e a r c h , 2-D/3-D) [ 1 5 . 2 , 1 5 . 3 1 
Ibximum number of s e a r c h t r i e s , maximum move per 
maximum top , r e f e r e n c e p o s i t i o n . 

t r y , minimum bot tom, 

010033 ( c o n t r o l s e a r c h . 2-D/3-D) [ 1 5 . 2 , 1 5 . 3 1 
Cont ro l e lement d e s c r i p t i o n . . . for each e lement , f i r s t g ive the t r a n s v e r s e 
or r a d i a l e x t e n t , then a z e r o , then the t op and bot tom. For 2-D. the 
r a d i a l e x t e n t i s g iven by l e f t and r i g h t column p a i r s . For 3-D, the 
t r a n s v e r s e e x t e n t i s g iven by f i n a l f i g u r e s or p l a n a r r e g i o n s , ydilchever 
cor respond to compoos t ions . 

010034 ( c o n t r o l s e a r c h , 2-D/3-D) [ 1 5 . 2 , 1 5 . 3 1 
Top of the c o n t r o l e l emen t , bo t tom of the c o n t r o l e lement , worth g u e s s . 
This ca rd is d e l e t e d from case to c a s e . 
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010035 ( contro l search , 2-D/3-D) [ 1 5 . 2 , 1 5 . 3 1 
I n i t i a l p o s i t i o n to move to , exact move ind ica tor . This card i s de le ted 
from case to c a s e . 

010036 (thermal feedback) [15.51 
Maximum number of feedback t r i e s , numeric ID of nucl ide to converge, 
numeric nucl ide ID represent ing moderator d e n s i t y , numeric nucl ide ID 

add i t iona l pseudo-nucl ide ID's represent ing the maximum fuel center l ine 
temperature over l i f e i i m e , the clad rad ius , and the c lad s t r e s s must be 

010037 (xenon feedback) [15.61 
Maximum number of feedback t r i e s , numeric nucl ide ID of xenon, numeric 
nucl ide ID of iod ine , e d i t ind icator , ex trapo la t ion fac tor , e p s i l o n 
c r i t e r i o n for feedback convergence, pre-feedback i t e r a t i o n e p s i l o n . 

010051 ( contro l search , 1-0) [15.11 
Desired e igenva lue , search convergence parameter, up/down indicator , 
reference p o i n t . 

010052 ( contro l search , 1-D) [15.11 
I n i t i a l conf igurat ion . This card i s de le ted from case to case . 

010053 ( contro l search , 1-D) [15.11 
Maximum number of search t r i e s to do, and maximum move allowed on any one 
search try . 

01O09S"(optionaT7~[10.61 
These cards may be used to s p e c i f y par t i cu lar f i e l d s of any of the 
p o s s i b l e p ic ture e d i t s . Each card conta ins up to ten t r i p l e t s , each 
t r i p l e t s p e c i f y i n g one p ic ture and c o n s i s t i n g o f . . . a one word picture 
name, f i r s t d i g i t , l a s t d i g i t . The contiguous ( 1 , 2 , or 3) d i g i t s are 
counted from r i g h t to l e f t . The card sequence number has the fo l lowing 
r = a'l''fmplies f i n a l f i g u r e s , 
S = 2 implies planar reg ions , 
S = 3 implies channels , 

S = 5 implies hexagonal angle transformation. 
For the f igure or reg ion (whichever corresponds to composit ions) p ic ture 
reques t , i f the f i r s t and l a s t d i g i t s s p e c i f i e d are negat ive , a 
composit ion p ic ture of the current conf igurat ion (plane zero for 3-D) w i l l 
be done. 

010101 - 010109 (op t iona l ) [11.41 
Concentration replacement composit ion numbers. These cards are de le ted 
from case to c a s e . 

0101X9 (opt iona l ) [12 .21 
Alphanumeric nucl ide i d e n t i f i c a t i o n s of c o l l e c t i o n s of nucl ide r e a c t i o n 
r a t e s or number of atoms to be summed and e d i t e d . The form of the data 
is . .naame of c o l l e c t i o n (up to 10 c h a r a c t e r s ) , then a s e t of alphanumeric 
ID'S. If more than one c o l l e c t i o n i s to be g iven, a blank word separator 
( ) must be used between each c o l l e c t i o n d e f i n i t i o n . For X = 1, 2 , 3 , the 
r e a c t i o n r a t e s defined are power, absorpt ion, and f i s s i o n r e s p e c t i v e l y . 
The summation performed i s over the nuc l ides l i s t e d and i s the r e a c t i o n 
rate for a l l space and summed over groups. For X = 4, the summaaion 
performed i s over the nuc l ides l i s t e d and the number of atoms counted i s 
over a l l space . For X = 9 . the form is . . .aIphanumerIc name (up to 10 

L S;e5,arpJ;ta^fa;'i:trrdco^luc\i:i^d:JlnTt?on! (of t""^ ^^ t^') '"''' 
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0101X1 - 0101X9 ( o p t i o n a l ) [ 1 2 . 2 ] 
Numeric n u c l i d e i d e n t i f i c a t i o n s . The meaning o f t h i s d a t a v a r i e s w i t h 
d i f f e r e n t v a l u e s of X a s f o l l o w s s . . 
1. E d i t of power f r a c t i o n s by e d i t s e t , 
2 . E d i t of a b s o r p t i o n r a t e s by e d i t s e t , 
3 . E d i t o f f i s s i o n r a t e s by e d i t s e t , 
4 . E d i t of a v e r a g e c o n c e n t r a t i o n s b y e d i t s e t , 
5 . E d i t of i n i t i a l c o n c e n t r a t i o n s by mesh, 
6 . E d i t of f i n a l c o n c e n t r a t i o n s b y mesh, 
7 . S e l e c t i v e c o n c e n t r a t i o n r e p l a c e m e n t , 
8 . N o n - c o n t r i b u t o r t o m a c r o s c o p i c c r o s s s e c t i o n s . 
For X = 4 , i f ID i s n e g a t i v e , l o a d i n g ( i n k i l o g r a m s ) i s e d i t e d i n s t e a d o f 
d e n s i t y . For X = 5 and 6 , p o s i t i v e ID means g r o s s b l o c k d a t a , n e g a t i v e ID 
means f i n e b l o c k d a t a . Cards w i t h X = 5 , 6 , and 7 a r e d e l e t e d from c a s e 
to c a s e . 

010191 - 010199 ( o p t i o n a l ) [ 1 2 . 2 1 
D e f i n i t i o n of a l g e b r a i c o p e r a t i o n s to be performed on n u c l i d e c o l l e c t i o n s 
( c a r d s 0101X0) and then e d i t e d . The form of the d a t a i s . . . r e s u l t name (up 
to 10 c h a r a c t e r s ) , operand name 1, (OP) , operand name 2 , . . . f o r e a c h 
r e s u l t d e s i r e d . Each operand name must be e i t h e r a c o l l e c t i o n name, the 
name o f a constant ( f r o m card 0 1 0 1 9 0 ) , or an a l r e a d y d e f i n e d r e s u l t name. 
(OP) must be an a lphanumer ic +, - , *, / , or ** meaning add, s u b t r a c t , 
m u l t i p l y , d i v i d e , or e x p o n e n t i a t e r e s p e c t i v e l y . 

010200 ( o p t i o n a l , q u a d r i l a t e r a l geometry ) [ 1 0 . 6 1 
Geomeeric g r i d - d i s t o r t i o n a n a l y s i s and e d i t o p t i o n . If p o s i t i v e , the 
maximum, minimum, and a v e r a g e v a l u e s a r e p r i n t e d a l o n g w i t h a h i s t o g r a m of 
the d i s t r i b u t i o n o f the measured f a c t o r s . If n e g a t i v e , the h i s t o g r a m i s 
o m i t t e d . The magni tude of the input i t em d e t e r m i n e s wh ich f a c t o r s a r e 
measured and t h e y a r e i n c l u s i v e 
( 1 ) C o u p l i n g d i s t a n c e s and r a t i o s , 
( 2 ) Q u a d r i l a t e r a l skew and ( 1 ) , 
( 3 ) A n g l e s and a n g l e r a t i o s and ( 1 ) , ( 2 ) , 
( 4 ) T r i a n g l e a r e a - r a t i o s and ( 1 ) , ( 2 ) , ( 3 ) . 
T h i s card i s d e l e t e d from c a s e to c a s e . 

010201 - 010299 ( o p t i o n a l , q u a d r i l a t e r a l geometry ) [ 1 0 . 6 1 
P i c t u r e - p r i n t and p l o t r e q u e s t d a t a , e a c h card c o n t a i n i n g ( l ) o p t i o n 
n a m e , ( 2 ) f i e l d n a m e , ( 3 ) f i g u r e name, ( 4 ) f i r s t p a r t o f t i t l e , ( 5 ) s e c o n d p a r t 
of t i t l e ( ( 6 ) f i r s t d i g i t i n f i e l d , and ( 7 ) s e c o n d d i g i t in f i e l d . Cards 
need n o t be in s e q u e n c e and i t e m s ( 4 ) - ( 7 ) are o p t i o n a l . Opt ion name i s 
PRINT or PLOT. F i e l d name i s one of FIGURES, REGIONS, CHANNELS, TRACKS, 
TWIST, FIG/REG, CHAN/TRACK, INTERFACES, MESH, or COMPS. These c a r d s are 
d e l e t e d from c a s e to c a s e . 

O103H0 ( o p t i o n a l ) [ 1 2 . 5 1 
H i e r a r c h i c a l f i e l d d e f i n i t i o n s f o r e d i t of b l o c k i n f o r m a t i o n . For e a c h 
h i e r a r c h y ( H = 0 , 1 1 , . . , 9 ) , the form of t h i s card i s . . . g r o s s or f i n e 
d e f i n i t i o n ( 0 / 1 ) . number o f l e v e l s in the f i r s t ( f i g u r e or c h a n n e l ) f i e l d , 
then t r i p l e t s of ( s u b - f i e l d name, f i r s t d e c i m a l d i g i t , s e c o n d d e c i m a l 
d i g i t ( r i g h t to l e f t in the s u b - f i e l d ) ) . These c a r d s are d e l e t e d from 
c a s e to c a s e . 

0103H1 - 0103H9 ( o p t i o n a l ) [ 1 2 . 5 1 
B l o c k d a t a e d i t r e q u e s t s . For e a c h h i e r a r c h y ( H ) , e a c h c a r d s p e c i f i e s one 
e d i t . The form o f the d a t a on e a c h card i s . . n n u m e r i c ID (0=power , 
n e g a t i v e n u c l i d e ID=beg inn ing of t i m e - s t e p c o n c e n t r a t i o n , p o s i t i v e n u c l i d e 
ID=end o f t i m e - s t e p c o n c e n t r a t i o n ) , I n d i c a t o r of whether to J u s t p r i n t 
maximum and minimum v a l u e s or the f u l l e d i t ( 0 / 1 ) , p r i n t format d e s i r e d 
( f i x e d / f l o a t i n g = 0 / l ) , f i r s t p l a n e , s e c o n d p l a n e , t h e n i n the o r d e r o f the 
s u b - f i e l d d e f i n i t i o n s g i v e the d e s i r e d ( n u m e r i c ) l e v e l v a l u e s of i n t e r e s t . 
These c a r d s are d e l e t e d from c a s e to c a s e . 

010900 ( o p t i o n a l ) [ 1 6 . 1 1 
If - 1 i n d i c a t e s g r o s s - t o - f i n e c o n c e n t r a t i o n e x p a n s i o n . O t h e r w i s e , 
i n d i c a t o r of whether to z e r o ( 0 ) or t r a n s f o r m o n e - t o - o n e ( 1 , d e f a u l t ) the 
c o n c e n t r a t i o n s o f f i g u r e s n o t s p e c i f i e d in the 010901 - 010999 d a t a . 
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010901 - 010999 ( o p t i o n a l ) [ 1 6 . 1 1 
Q u a d r u p l e t s o f the form ( o l d f i n a l f i g u r e , o l d c h a n n e l b i a s , new f i n a l 
f i g u r e , new c h a n n e l b i a s ) g i v i n g the t r a n s f o r m a t i o n s n e c e s s a r y to expand a 

011000 ( o p t i o n a l ) [ 1 2 . 2 1 
Four p a i r s o f (max e d i t - s e t , max p l a n e - g r o u p i n g s ) used to l i m i t p r i n t i n g 
o f i n t e g r a l d a t a . A l l d a t a i s f i l e d ( i f r e q u e s t e d ) whether p r i n t e d or 
n o t . The four p a i r s r e f e r , in o r d e r , t o . . . 
1. Vo lume-we ighted m a c r o s c o p i c d a t a , 
2 . F l u x - w e i g h t e d m a c r o s c o p i c d a t a , 
3 . N u c l i d e power f r a c t i o n s , a b s o r p t i o n r a t e s , f i s s i o n r a t e s , 
4 . Average c o n c e n t r a t i o n s , xenon f e e d b a c k d a t a , thermal f e e d b a c k d a t a . 
A n i n t h i t em on t h i s card can be used to reduce or e l i m i n a t e the a x i a l 
e d i t s r e q u e s t e d w i t h the 016XXS c a r d s . 

OlXXXl - 01XXX9 C12.23 
E d i t s e t d e f i n i t i o n s o f the form F1 ,F2 0 , R 1 , R 2 , . . . (F r e f e r s to f i n a l 
f i g u r e s , R r e f e r s to p l a n a r r e g i o n s ) and XXX i s a s u b s e r i e s 1 0 0 - 1 9 9 , 
2 0 0 - 2 9 9 , 3 0 0 - 3 9 9 , or 4 0 0 - 4 9 9 . At l e a s t one of t h e s e s u b s e r i e s must be 
p r e s e n t . The meaning o f t h e s e f i g u r e - r e g i o n l i s t s depends on the 
s u b s e r i e s numbers XXX a s f o l l o w s . . . 
100-199 e a c h s u b s e r i e s ( 1 0 0 , 1 0 1 . . . . ) i s an e d i t s e t , 
2 0 0 - 2 9 9 e a c h f i g u r e ( w i t h a l l r e g i o n s s p e c i f i e d ) i s an e d i t s e t , 
3 0 0 - 3 9 9 e a c h r e g i o n ( w i t h a l l f i g u r e s s p e c i f i e d ) i s an e d i t s e t , 
4 0 0 - 4 9 9 e a c h f i g u r e - r e g i o n c o m b i n a t i o n i s an e d i t s e t . 

015001 - 015999 ( 3 - D o n l y ) [ 1 2 . 2 1 
P l a n e g r o u p i n g d e f i n i t i o n s of the form P I , - P 2 , P3 , - P 4 , . . . where P i s an 
a x i a l p o i n t number which must be a g r o s s p l a n e boundary. One s e t of 
015XXS or 016XXS r e q u i r e d for 3 - D . 

016001 - 016999 ( 3 - D o n l y ) [ 1 2 . 2 1 
D e f i n i t i o n o f e d i t r e q u e s t s f o r c o n c e n t r a t i o n s , power, f l u x , and 
t e m p e r a t u r e f e e d b a c k d a t a by g r o s s p l a n e f o r s e l e c t e d e d i t - s e t s . Each XX 
( i n 016XXS) i s a r e q u e s t f o r a p a r t i c u l a r one of t h e s e . For e a c h XX, the 
form of e a c h r e q u e s t i s a l p h a b e t i c o p t i o n name ( a l p h a n u m e r i c n u c l i d e ID, 
POWER. FLUXl. FLUX2, FLUX3, FLUX4, FLUX5, - or key-words f o r t emperature 
^ t i * * ? ! ? ! ^ d a * ^ ^^'''h a^^ FUEL-TEMP, MOD-TEMP, MOD-DENS, VAP-FRACT, and 
HEAT-FLUX), p r i n t / p r i n t e r - p l o t i n d i c a t o r ( z e r o means p r i n t , one means 
p r i n t e r - p l o t ( 1 0 per p l o t ) , -N means p r i n t e r - p l o t N per p l o t ) , P I , P2 
( a x i a l p o i n t numbers wh ich g i v e a x i a l e d i t l i m i t s and must be g r o s s p l a n e 

^ :a - t :g^ :h i ,pr : ^ to \s ' ^ i l t t^s ' in^oug r i^ t^ i ;e"" ' . ^ne'^i^^a oIg^^ISXKT^"^ 
016XXS r e q u i r e d f o r 3 - D . 

017000 ( o p t i o n a l ) [ 1 6 . 1 1 
C o U a p s e d b l o c k i n g d a t a e d i t r e q u e s t ( 0 j= no e d i t , _ 1 _ = e d i t ) . 

OlXXXl - 01XXK9 ( o p t i o n a l ) [ 1 6 . 1 1 
B l o c k i n g d e f i n i t i o n s of the f o r m F l , F 2 0 , R 1 , R 2 , . . . (F r e f e r s to f i n a l 
f i g u r e s , R r e f e r s to p l a n a r r e g i o n s ) and XXX i s a s u b s e r i e s 7 0 0 - 7 9 9 , 
8 0 0 - 8 9 9 , or 9 0 0 - 9 9 9 . Any o n e , two, or a l l t h r e e s u b s e r i e s may be p r e s e n t . 
The meaning of t h e s e f i g u r e - r e g i o n l i s t s depends on the s u b s e r i e s numbers 
XKX as f o l l o w s . . . 
7 0 0 - 7 9 9 e a c h s u b s e r i e s ( 7 0 0 , 7 0 1 , . . . ) i s a new b l o c k , 
8 0 0 - 8 9 9 e a c h f i g u r e ( w i t h a l l r e g i o n s s p e c i f i e d ) i s a new b l o c k , 
9 0 0 - 9 9 9 e a c h r e g i o n ( w i t h a l l f i g u r e s s p e c i f i e d ) i s a new b l o c k . 
The f i r s t f i g u r e and r e g i o n i n e a c h new b l o c k d e f i n i t i o n are used as the 
f i g u r e and r e g i o n o f the new b l o c k . 

020001 - 020099 ( o p t i o n a l ) [ 1 1 . 7 1 
Area r a t i o s b y c o m p o s i t i o n i n e x p a n s i o n f o r m a t . 

020X01 - 020X99 ( o p t i o n a l ) [ 1 2 . 4 1 
C h a r a c t e r d i s p l a y e d i t r e q u e s t s , one per c a r d . For X = 1 , , , and 3 , 
s p e c i f y power, i n i t i a l c o n c e n t r a t i o n , and f i n a l c o n c e n t r a t i o n e d i t s 
r e s p e c t i v e l y . From 1 to 11 i t e m s on a card s p e c i f y . . u numeric n u c l i d e ID 

iixiirmvapl^r)io '^^^^ide::! iTnl\ZVol t to'^s^Mnl^^pict^^li'^^*o ^ ^ i ^ 1 ^ 
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f r e q u e n c y c h a r t , and f i n a l l y the volume e l e m e n t to s c a n g i v i n g f i r s t 
co lumn, l a s t co lumn, f i r s t row, l a s t row, f i r s t p l a n e , l a s t p l a n e . 
M i s s i n g v a l u e s d e f a u l t t o . . . 0 , 3 6 , 0 . 0 , 0 . 0 0 0 , 0 . o o l u m n b o u n d a r y . 0 , r o w 
b o u n d a r y , 0 , p l a n e boundary . These c a r d s a r e d e l e t e d from c a s e to c a s e . 

02G0O1 - 02C099 ( o p t i o n a l ) [ 1 1 . 8 1 
D e p l e t i o n f l u x c o r r e c t i o n f a c t o r s by c o m p o s i t i o n i n e x p a n s i o n format f o r 
group G. 

030000 (opt iona l ) [10.51 
Indicator to replace input geometry f i l e composit ion data with that from 
cards , fol lowed by the conf igurat ion number. This card i s de le ted from 
case to c a s e . 

030001 - 030009 ( o p t i o n a l ) [10.51 
T r i p l e t s of the form (N1,G1,N2) which a s s i g n ( i n over lay format), 

03PPP1 - 03PPP9 ( o p t i o n a l ) [10.51 
Mod I f i c a t i o n s at plane (or conf igurat ion) PPP to compoostion 
correspondences of previous plane (or c o n f i g u r a t i o n ) . 

04G001 - 040099 ( f i xed source only) [16 .11 
Source values by composit ion in expansion format for group G. This data 
i s required for f ixed source problems. 

05XXX1 - 05XXX9 [ 1 0 , 1 , 1 0 . 2 , 1 0 . 3 1 
Planar mesh i n t e r v a l s in expansion format. The s u b s e r i e s number XXX may 
be any of 1 to 999. 

060001 - 060999 (op t iona l ) [10 .41 
Gross block plane boundaries in increas ing order wi th the l a s t equal to 
plane boundary. If present , at l eas t two va lues must be s p e c i f i e d . If 
miss ing, gross b lock plane boundaries are the PPP from the 03PPP1-03PPP9 
cards . 

061000 (opt iona l ) [10 .41 
Default indicator for f ine block plane boundaries. If zero (assumed), 
each gross block plane boundary i s a f ine block plane boundary, and i f 
one, each a x i a l point i s a f ine block plane boundary. 

061001 - 061999 ( o p t i o n a l ) [10 .41 
Fine block plane boundaries in increas ing order with the l a s t equal to 
plane boundary. Gross block plane boundaries must f a l l on f ine plane 
boundaries but not n e c e s s a r i l y v i ce versa . 

062001 - 062999 ( o p t i o n a l ) [16.11 
Collapsed gross plane boundaries in increas ing order with the la s t equal 
to plane boundary. If present , at l e a s t two values must be s p e c i f i e d and 
these d e f i n i t i o n s must be in tegra l c o l l e c t i o n s of p r e v i o u s l y defined gross 
block plane boundaries . The composit ion correspondences from the lowest 
numbered o r i g i n a l gross plane are used as thei correspondences of the 
co l lapsed plane . 

070001 - 070999 (3-D only) [10.41 
Axial mesh i n t e r v a l s in expansion format. 

08G0O1 - 08GO99 ( o p t i o n a l ) [11.61 
Buckling values by composit ion In expansion format for group G. For G = 
O, s p e c i f y a l l va lues for which group dependent va lues are not g iven . 

090001 - 090099 ( d e p l e t i o n ) [11.21 
Chain l i s t assignment by composit ion in expansion format. Chain l i s t zero 
implies a non-depletable compoostion. 

O9LL01 - 09LL99 ( d e p l e t i o n ) [11.21 
Sequence of chain numbers de f in ing chain l i s t LL. 
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10XXXO ( d e p l e t i o n ) [ 1 1 . 3 1 
C o m p o s i t i o n l i s t s w h i c h a s s i g n c o m p o s i t i o n s f o r i n i t i a l c o n c e n t r a t i o n 
v a l u e s o n c a r d s 10XXX1 - 10XXK9. T h i s d a t a d e f a u l t s t o t h e one 
c o m p o s i t i o n number XXK. 

10XXX1 - 10XXX9 ( d e p l e t i o n ) [ 1 1 , 3 1 
I n i t i a l c o n c e n t r a t i o n v a l u e s i n t h e form of p a i r s . . . , ( n u m e r i c n u c l i d e ID, 
c o n c e n t r a t i o n v a l u e ) . T h i s d a t a i s a s s i g n e d to t h e c o m p o s i t i o n s l i s t e d on 
c a r d 10XKX0 where USX may be a n y of 1 - 9 9 9 . 

110001:";00;rFn:5T 
T!^i!!!*_!!!l??:?!^!.by_co!?°!i!i!^_in_ex£!^!l!L!!:!^l: 

111001 - 111099 ( o p t i o n a l ) [11 .51 
Master macroscopic t a b l e o v e r l a y da t a of the f o r m . . . t a b l e s e t , CI , -C2, 
C3, -C4 implying t h a t the master macroscopic t a b l e from t h a t t a b l e s e t be 
ove r l ayed in to compos i t ions CI through G2, C3 through G4, . . . These c a r d s 
s p e c i f y t ha t the t a b l e s d e s c r i b e d a r e to be d e l e t e d from the de s igna t ed 
compos i t ions if the t a b l e s e t number is 

s 

is z e ro . 
112G»1 - 112G99 ( o p t i o n a l ) [11 .51 

f a s t e r microscopic t a b l e o v e r l a y da ta of the f o r m . . . t a b l e s e t , IDl , ID2, 
. . . , C 1 , -G2, C3, - C 4 , . . . implying tha t the group G master microscopic 
t a b l e s for n u c l i d e s I D l . I D 2 , , . . from tha t t a b l e s e t be over layed in to 
compos i t ions CI through C2, C3 through C4, . . . These c a r d s s p e c i f y t h a t 
the t a b l e s d e s c r i b e d a r e to be d e l e t e d from the des igna t ed composi t ions if 
the t a b l e s e t number i s z e r o . 

113G01 - 113G99 ( o p t i o n a l ) [11 .51 
Macroscopic i n t e r p o l a t i n g t a b l e o v e r l a y da ta of the f o r m . . . t a b l e s e t , 
t ype , CI , -C2, C3, -C4, . . . implying t h a t the group G macroscopic 
i n t e r p o l a t i n g t a b l e from t h a t t a b l e s e t w i t h the de s igna t ed type be 
ove r l ayed in to compos i t ions CI through C2, C3 through C4, . . . These ca rds 
s p e c i f y t ha t the t a b l e s d e s c r i b e d a re to be d e l e t e d from the d e s i g n a t e d 
compos i t ions if the t a b l e s e t number i s z e r o . 

114G01 - 114C99 ( o p t i o n a l ) [11 .51 
Microscopic i n t e r p o l a t i n g t a b l e o v e r l a y da t a of the f o r m . . . t a b l e s e t , 
t ype , IDl , ID2 G1, -C2, C3, -C4, . . . implying t h a t the group G 
microscopic i n t e r p o l a t i n g t a b l e s for n u c l i d e s IDl , ID2, . . . from t h a t 
t a b l e s e t wi th the d e s i g n a t e d type be over layed in to composi t ions CI 
through C2, C3 through C4, . . . These ca rds s p e c i f y t h a t the t a b l e s 
d e s c r i b e d a r e to be d e l e t e d from the de s igna t ed compos i t ions if the 
t a b l e s e t number i s z e r o . 

115G01 - 115G99 ( o p t i o n a l ) [11 .51 
This d a t a i s in e x a c t l y the same form as for ca rds 114G01 - 114G99 but the 
t a b l e s r e f e r r e d to a r e the i n t e r p o l a t i n g t a b l e s for s h i e l d i n g f a c t o r s 
i n s t e a d of microscopic i n t e r p o l a t i n g t a b l e s . These c a r d s s p e c i f y t ha t the 
t a b l e s d e s c r i b e d a r e to be d e l e t e d from the de s igna t ed compos i t ions if the 
t a b l e s e t number Is z e r o . 

12MM0e ( o p t i o n a l ) [ 1 1 . 5 1 

12HHD1 - 12HHD9 ( o p t i o n a l ) [ 1 1 . 5 ] 
Axis v a r i a b l e s for mask HM for each of the dimensions D. For each D = 1, 
2 , 3 , s p e c i f y the n u c l i d e ID, I n d i c a t o r of whether t h i s mask dimension i s 
to use c o n c e n t r a t i o n v a l u e s or f r a c t i o n of c o n c e n t r a t i o n , then folo-ws a 
sequence of v a r i a b l e v a a u e s . 

12HH91 - 12MM99 ( o p t i o n a l ) [11 .51 
This d a t a Is g iven o n l y i f the number of o f f -d sagona l e n t r i e s i s non-zero 
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13FFF0 ( o p t i o n a l ) [ 1 1 . 5 ] 
F u n c t i o n t a b l e d e f i n i t i o n of t h e f o r m . . . t y p e of q u a n t i t y r e p r e s e n t e d 
( m a c r o s c o p i c , m i c r o s c o p i c , o r s h i e l d i n g f a c t o r ) , n u c l i d e ID, t y p e o f c r o s s 
s e c t i o n , g r o u p , o r d e r of i n t e r p o l a t i o n . f u n c t i o n / i n v e r s e i n t e r p o l a t i o n 
i n d i c a t o r , f o l l o w e d b y ( o n l y i f s h i e l d i n g f a c t o r ) p a i r s of ( n u c l i d e ID, 
t y p e ) d e s i g n a t o r s . T a b l e number i s FFFF 

13FFF1 - 13FFF9 ( o p t i o n a l ) [ 1 1 . 5 ] 
F u n c t i o n v a l u e s f o r t a b l e FFF i n t h e o r d e r c o n s i s t e n t w i t h t h e o r d e r of 
t h e i n d e p e n d e n t v a r i a b l e v a l u e s f o r t h e mask e v e n t u a l l y a s s i g n e d t o 
f u n c t i o n t a b l e FFF. 

14CCC1 - 14CGG9 ( o p t i o n a l ) [ 1 1 . 3 ] 
T h e s e c a r d s may be u s e d to s p e c i f y c o n c e n t r a t i o n s i n a s e t of c o m p p o s t i o n s 
a s some f a c t o r t i m e s t h o s e c o n c e n t r a t i o n s i n c o m p o s i t i o n CCC. The form 
i s . . . t h e m u l t i p l i c a t i v e f a c t o r f o l l o w e d b y t h e l i s t of c o m p o o s t i o n s . 

150000 ( o p t i o n a l ) [ 1 0 . 1 , 1 0 . 2 , 1 0 . 3 ] 
D e f a u l t i n d i c a t o r f o r f i n e b l o c k r e g i o n d e f i n i t i o n s , z e r o i f c a r d n o t 

150001 - 150999 ( o p t i o n a l ) [ 1 0 . 1 , 1 0 . 2 , 1 0 . 3 ] 
L i s t of r e g i o n number s to f i n e b l o c k i f i n d i c a t o r on c a r d 150000 i s z e r o , 
o t h e r w i s e i t i s a l i s t of r e g i o n s n o t t o f i n e b l o c k . 

160000 ( o p t i o n a l , n o n - q u a d r i l a t e r a 1 g e o m e t r y ) [ 1 0 . 1 , 1 0 . 2 ] 
D e f a u l t i n d i c a t o r f o r c h a n n e l b i a s d a t a . I f z e r o ( d e f a u l t v a l u e ) , e a c h 
f i n a l f i g u r e laydown i s a s s i g n e d z e r o b i a s , i f o n e , e a c h f i n a l f i g u r e 
l aydown i s a s s i g n e d s u c c e s s i v e m u l t i p l e s o f t h e maximum i n p u t c h a n n e l 
number b e g i n n i n g w i t h z e r o f o r t h e f i r s t l aydown . 

160001 - 160999 ( o p t i o n a l , n o n - q u a d r i l a t e r a l g e o m e t r y ) [ 1 0 . 1 , 1 0 . 2 ] 
L i s t of c h a n n e l b i a s e s , one f o r e a c h f i n a l f i g u r e l aydown . T h e s e a r e 
a d d i t i v e q u a n t i t i e s t o t h e c h a n n e l l a b e l s . 

170001 - 170999 ( n o n - q u a d r i l a t e r a l g e o m e t r y ) [ 1 0 . 1 , 1 0 . 2 ] 
F i n a l f i g u r e laydown c o n s i s t i n g of s e x t u p l e t s of t h e f o r m . . . f i n a l f i g u r e 
n u m b e r , i n i t i a l f i g u r e o r i n i t i a l s u p e r f i g u r e number i f n e g a t i v e , o r i g i n 
c o l u m n , o r i g i n row, r o t a t i o n i n d e x , r e f l e c t i o n i n d i c a t o r . 

180001 - 180099 ( o p t i o n a l ) [ 1 0 . 6 ] 
P l a n a r a r e a s ( w h i c h w i l l f o r c e a n a r e a c h e c k ) b y p l a n a r r e g i o n i n 
e x p a n s i o n f o r m a t . 

190001 - 190009 ( o p t i o n a l ) [ 1 1 . 7 1 
T r i p l e t s of t h e form (N1 ,A1 ,N2) w h i c h a s s i g n ( i n o v e r l a y f o r m a t ) a r e a 
r a t i o Al t o f i g u r e s ( o r r e g i o n s ) Nl t h r o u g h N2. T h i s d a t a r e p l a c e s d a t a 
( i f a n y ) f rom c a r d s 020001 - 0 2 0 0 9 9 . 

19PPP1 - 19PPP9 ( o p t i o n a l ) [ 1 1 . 7 ] 
M o d i f i c a t i o n s a t p l a n e ( o r c o n f i g u r a t i o n ) PPP to a r e a r a t i o s of p r e v i o u s 
p l a n e ( o r c o n f i g u r a t i o n ) . ' 

200000 ( o p t i o n a l ) [ 1 3 . 1 1 
F i r s t s u b - c a s e t o e x e c u t e , l a s t s u b - c a s e t o e x e c u t e . T h i s c a r d i s d e l e t e d 
f rom c a s e t o c a s e . 

2XXO01 - 2KX999 ( o p t i o n a l ) [ 1 3 . 1 ] 
D a t a f o r e a c h s u b - c a s e . The d a t a d e f i n i t i o n i s a f u n c t i o n of t h e v a l u e of 
XX f rom 01 t o 11 a s f o l l o w s s . . 
( 1 ) S u b - c a s e names ( r e q u i r e d f o r s u b - c a s e s ) , 
( 2 ) D e p l e t i o n t ime i n t e r v a l s ( h o u r s , d e f a u l t = 0 . 0 ) , 
( 3 ) D e p l e t i o n power f r a c t i o n s ( d e f a n l t = 1 . 0 ) , 
( 4 ) C o n f i g u r a t i o n i n d i c a t o r s ( d e f a u l t = i n i t i a l c o n f i g . ) , 
( 5 ) C o n t r o l e i g e n v a l u e s ( d e f a u l t = r o o m c d . 0 1 0 0 3 1 o r 0 1 0 0 5 1 ) , 
( 6 ) T h e r m a l f e e d b a c k i n d i c a t o r s (max . t r i e s , d e f a u l t = 0 ) , 
( 7 ) Xenon f e e d b a c k i n d i c a t o r s (max . t r i e s , d e f a u l t = 0 ) , 
( 8 ) C o n c e n t r a t i o n r e p l a c e m e n t i n d i c a t o r s ( 0 / 1 , d e f a u l t = 0 ) , 
( 9 ) D e p l e t i o n p a t h i n d i c a t o r s ( d e f a u l t = i t e m 5 on c a r d 0 1 0 0 0 8 ) , 
( 1 0 ) O u t p u t f i l e v e r s i o n number i n c r e m e n t s ( d e f a u l t = 0 , 1 , 2 . . . ) , 
( I D F l a t / p r e v i o u s f l u x g u e s s i n d i c a t o r s ( 0 / 1 , d e f a u l t = l ) . 
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These c a r d s are d e l e t e d from c a s e to c a s e . 

300001 - 300299 ( d e p l e t i o n ) [ 1 1 . 1 ] 
Numeric n u c l i d e i d e n t t f i c a t i o n s . 

3 0 0 3 0 0 ( d e p l e t i o n ) [ 1 1 . 1 ] 
Avogadro c o n s t a n t ( o p t i o n a l - d e f a u l t v a l u e i s . 6 0 2 2 5 2 + 2 4 ) . 

300301 - 300499 ( d e p l e t i o n ) [ I l . l ] 
Atomic w e i g h t by n u c l i d e ( o p t i o n a l - d e f a u l t v a l u e s are 1 . 0 ) . 

300501 - 300599 ( d e p l e t i o n ) C l l l l ] 
Alphanumeric n u c l i d e i d e n t t f i c a t i o n s . 

3CC000 ( d e p l e t i o n ) [ 1 1 . 2 ] 
N u c l i d e d e p l e t i o n c h a i n d e f i n i t i o n c o n t r o l card for c h a i n CC of the 
f o r m . . . number of n u c l i d e s i n the c h a i n , c h a i n t y p e , maximum time i n t e r v a l 
to assume c o n s t a n t c r o s s s e c t i o n s w h i l e d e p l e t i n g the n u c l i d e s i n t h i s 
c h a i n . 

3CCNN1 - 3CCNN9 ( d e p l e t i o n ) [ 1 1 . 2 ] 
N u c l i d e d e p l e t i o n c h a i n d e f i n i t i o n for c h a i n CC. For e a c h n u c l i d e 
N N = = 1 2 , . . . in the c h a i n , s p e c i f y . . . numeric n u c l i d e i d e n t i f i c a t i o n , form 
( f i r s t / n o t f i r s t i n d i c a t o r ) , d e c a y c o n s t a n t , then f o l l o w w i t h t r i p l e t s 
( c o u p l i n g t y p e , numeric ID of n u c l i d e c o u p l e d t o , f r a c t i o n of c o u p l i n g 
i n t o n u c 1 i d e NN). 

4TT000 [ 1 1 . 5 ] 
Numeric i d e n t i f i c a t i o n o f t a b l e s e t d e f i n e d w i t h s u b s e r i e s TT. 

4TT001 ( o p t i o n a l ) C11 .5 ] 
Alphanumeric i d e n t i f i c a t i o n o f t a b l e s e t d e f i n e d w i t h s u b s e r i e s TT. 

4TTG0O [ 1 1 . 5 ] 
Master m a c r o s c o p i c t a b l e d a t a for group G in t a b l e s e t i d e n t i f i e d w i t h 
s u b s e r i e s TT. Macroscop ic c r o s s s e c t r o n s are o r d e r e d , for e a c h g r o u p , a s 

lisZ Ass,on Tt G i s o n e , o f ''Tto t S e r ^ i g r o i p s ? o r d e r , i ^ T 
d i f f u s i o n ( 1 ) , d i f f u s i o n ( 2 ) ( a g a i n , s igma t r a n s p o r t i f a s s , g n e d to 
d e p l e t a b l e c o m p o s i t i o n s ) , s i g m a ( l ) , s i g m a ( 2 ) , nu s igma f i s s i o n . kappa 
Sigma f i s s i o n , R term which m u l t i p l i e s the e p l t h e r m a l s igma remova l . 

4TTG01 - 4TTG99 ( d e p l e t i o n ) [ 1 1 . 5 ] 
Master m i c r o s c o p i c t a b l e d a t a f o r group G in t a b l e s e t i d e n t i f i e d w i t h 
s u b s e r i e s TT. Data for any group G i s o rd ered as f o l l o w s . . . numeric 
n u c l i d e i d e n t i f i c a t i o n , s igma t r a n s p o r t , s igma a b s o r p t i o n , s igma r e m o v a l , 
Sigma f i s s i o n , nu, kappa. If G i s one o f two thermal g r o u p s , f o l l o w i n g 
the ID i s s igma t r a n s p o r t ( I ) , s igma t r a n s p o r t ( 2 ) , s i g m a ( l ) , s i g m a ( 2 ) , 
s igma f i s s i o n , nu, kappa . 

4TT601 - 4Tr699 ( o p t i o n a l ) 1 1 1 . 5 ] 
F u n c t i o n t a b l e and mask a s s i g n m e n t to t a b l e s e t i d e n t i f i e d w i t h s u b s e r i e s 
TT. The form f o r e a c h c a r d i s . . . a mask number f o l l o w e d b y a l i s t of 
f u n c t i o n t a b l e s a s s o c i a t e d w i t h t h a t mask. 

500001 - 500009 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 ] 
M i s c e l l a n e o u s thermal f e e d b a c k p a r a m e t e r s in the o r d e r . . . P, fw, fm, Wt, 
k l , K, DELTAl, DELTA2, ALPHA, BETA, n, m, GAMMA, KVF, B, LAMBDA. If 
r o d - s h r i n k a g e c a l c u l a t i o n s a r e to be done , an a d d i t i o n a l f o u r t e e n i t ems 
must be i n c l u d e d . . . ALPHFG, ALPHT, D l , DELTA, DELTAt, E, E l , E2, E3, E4, 
E5, KAP, RT, T r e l . 

50001S ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 1 
For e a c h of 8 = 1 , 2 , 3 , 4 , s p e c i f y from 1 to 6 p o l y n o m i a l c o e f f i c i e n t s a s 
f o 1 lows , . . 

For S = 3 , s p e c i f y c ( n ) . 
For S = 4 , spec^ify d ( n ) . 
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510001 - 510099 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 ] 
Flow f r a c t i o n , m i x i n g c o e f f i c i e n t , and i n l e t t empera ture by thermal t r a c k 
in e x p a n s i o n f o r m a t . 

520001 - 520099 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 1 
Heat t r a n s f e r a r e a , f l o w a r e a , c o o l a n t vo lume , f u e l meat vo lume , r a d i a l 
f l o w a r e a , and w e t t e d p e r i m e t e r b y c o m p o s i t i o n in e x p a n s i o n f o r m a t . 

530001 - 530099 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 ] 
F u e l c l a d d i n g o u t s i d e r a d i u s , c l a d i n s i d e r a d i u s , f u e l e l e m e n t o u t s i d e 
r a d i u s , f u e l e l e m e n t i n s i d e r a d i u s , and r o d / p l a t e i n d i c a t o r by c o m p o o s t i o n 
in e x p a n s i o n f o r m a t . 

540001 - 540099 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 ] 
(;ap c o n d u c t a n c e t a b l e number RR, and f u e l meat c o n d u c t i v i t y t a b l e number 
TT by c o m p o s i t i o n i n e x p a n s i o n f o r m a t . 

550X01 - 550X99 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 ] 
R e f e r e n c e v a l u e s by c o m p o s i t i o n i n e x p a n s i o n f o r m a t . Data r e p r e s e n t e d 
depends on X a s f o l l o w s . . . 

For X=3, s p e c i f y r e f e r e n c e f u e l t e m p e r a t u r e . 

56RRX1 - 56RRX9 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 1 
D e f i n i t i o n of i n t e r p o l a t i n g t a b l e number RR f o r gap c o n d u c t a n c e . 
V a r i a b l e s are d e f i n e d d e p e n d i n g on X a s f o l l o w s . . . 
For X=l . s p e c i f y a s o r t e d s e t o f h e a t f l u x v a l u e s a s the f i r s t independent 

For X=2. s p e c i f y a s o r t e d s e t o f f i s s l o n s / c c v a l u e s a s the s e c o n d 

For X = 3 . 4 . , . . , 9 , s p e c i f y the gap c o n d u c t a n c e dependent v a r i a b l e v a l u e s 
c o r r e s p o n d i n g to the f i r s t h e a t f l u x v a l u e and a l l f l s s l o n s / c c v a l u e s , 
t h e n f o r the s e c o n d h e a t f l u x v a l u e and a l l f l a s i o n s / c c v a l u e s , e t c . 

57TTX1 - 37TTX9 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 1 
D e f i n i t i o n o f i n t e r p o l a t i n g t a b l e number TT f o r f u e l meat c o n d u c c i v i t y . 
V a r i a b l e s are d e f i n e d d e p e n d i n g on X a s f o l l o w s . . . 
For X=1, s p e c i f y a s o r t e d s e t o f f u e l t e m p e r a t u r e v a l u e s a s the f i r s t 
independent v a r i a b l e ( a t l e a s t two v a l u e s ) . 
For X=2, s p e c i f y a s o r t e d s e t of f I s s i o n s / c c v a l u e s a s the s e c o n d 

For X=3 .4 9 , s p e c i f y the f u e l meat c o n d u c t i v i t y dependent v a r i a b l e 
v a l u e s c o r r e s p o n d i n g to the f i r s t f u e l t emperature and a l l f i s s i o n s / c c 
v a l u e s , t h e n f o r the s e c o n d f u e l t e m p e r a t u r e and a l l f i s s l o n s / c c v a l u e s , 
e t c . 

580001 - 580099 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 1 
I f r o d - s h r i n k a g e c a l c u l a t i o n s a r e to be d o n e . . . BETA0. BETAl, BETA2, AI , 
and R by c o m p o s i t i o n i n e x p a n s i o n f o r m a t . 

580101 - 580199 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 1 
If r o d - s h r i n k a g e c a l c u l a t i o n s a r e to be d o n e . . . B l , B2, B3 , CI , C2, and C3 
b y c o m p o s i t i o n i n e x p a n s i o n f o r m a t . 

580201 - 580299 ( t h e r m a l f e e d b a c k ) [ 1 5 . 5 1 
If r o d - s h r i n k a g e c a l c u l a t i o n s a r e to be d o n e . . . Ar/Aw, A4, Cg, C s , Pg , and 
VR by c o m p o s i t i o n i n e x p a n s i o n f o r m a t . 

600000 ( s y n t h e s i s ) [14.11 
Synthes i s r e s i d u a l s e d i t + p lo t request ( 0 / l = n o / y e s ) . This opt ion c r e a t e s 
a s p e c i a l tent funct ion as p o s i t i o n one in the t r i a l funct ion d e s c r i p t i o n 
and d e l e t e s i t s use in the s p a t i a l c a l c u l a t i o n . This card Is de l e t ed from 
case to c a s e . This card i s Ignored i f the problem type i s not s y n t h e s i s . 

600001 ( s y n t h e s i s ) [14.13 
Number of t r i a l funct ions In each group. This card i s Ignored i f the 
problem type i s not s y n t h e s i s . 
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600002 ( s y n t h e s i s ) [ 1 4 . 1 ] 
Tria l funct ion zone boundaries in Increasing order with the l a s t equal to 
plane boundary. This card i s ignored i f the problem type i s not 
s y n t h e s i s . 

600003 (opt iona l ) C14.1] 
Spec i fy two t r i a l funct ion p o s i t i o n s . The f i r s t w i l l be used as a t r i a l 
funct ion but not a weight funct ion , the second w i l l be used as a weight 
funct ion but not a t r i a l funct ion . This holds for a l l zones . This card 
i s ignored i f the problem type is not s y n t h e s i s . 

600110 (op t iona l ) [ 1 4 . 1 ] 
For any of 1 1 = 1 . 2 , . . . , 4 9 , th i s card s p e c i f i e s a three dimensional 
pointwise f lux f i l e to be used for t r i a l func t ions . The items on the 
card, in order, are vers ion number of the 3-D f i l e . synonym of the 3-D 
f i l e and the synonym of the two dimensional t r i a l functions which are to 
be obtained from the d-D f i l e . If e i t h e r or both of the synonyms are 
omitted or have a blank value , the defaul t synonym used is POINTFLUX. 
These cards are ignored i f the problem type is not s y n t h e s i s . 

600111 - 6O0II9 ( o p t i o n a l ) [ 1 4 . 1 3 
For any o f 1 1 = 1 , 2 , . . . , 4 9 f o r which card 600110 i s p r e s e n t , t h e s e c a r d s 
s p e c i f y ( p o i n t p l a n e number, v e r s i o n number) p a i r s g i v i n g the p l a n e 
numbers to be e x t r a c t e d from the 3-D f i l e and a s s o c i a t i n g them w i t h 
v e r s i o n numbers a s used In the t r i a l f u n c t i o n d e s c r i p t i o n . These c a r d s 
a r e i g n o r e d i f the prob lem type i s n o t s y n t h e s i s . 

6ZZ001 - 6ZZ009 ( o p t i o n a l ) 1 1 4 . 1 1 
( V e r s i o n number, synonym) p a i r s s p e c i f y i n g t r i a l f u n c t i o n s f o r a l l g r o u p s 
i n zone XL. S u c c e s s i v e p a i r s I d e n t i f y s u c e s s i v e t r i a l f u n c t i o n p o s i t i o n s 
w i t h i n zone ZZ. I f a synonym has a b l a n k v a l u e , the synonym used i s 
POINTFLUX. If the ( v e r s i o n number, synonym) p a i r i s (0 ,UNITY) , a f l a t 
t r i a l f u n c t i o n ( 1 . 0 everywhere e x c e p t 0 . 0 on z e r o f l u x b o u n d a r i e s ) i s 
a u t o m a t i c a l l y s u p p l i e d . These c a r d s a r e ignored i f the problem type i s 
n o t s y n t h e s i s . 

6ZZG01 - 6ZZG09 ( o p t i o n a l ) [ 1 4 . 1 3 
( V e r s i o n number, synonym) p a i r s s p e c i f y i n g t r i a l f u n c t i o n s f o r group G In 
zone ZZ. S u c c e s s i v e p a i r s i d e n t i f y s u c c e s s i v e t r i a l f u n c t i o n p o s i t i o n s 
w i t h i n zone ZZ. T h i s d a t a o v e r l a y s t h a t d a t a s p e c i f i e d on c a r d s 6ZZ0O1 -
6ZZ009. If a synonym has a b l a n k v a l u e , the synonym used i s POINTFLUX. 
If the ( v e r s i o n number, synonym) p a i r i s (0 .UNITY) , a f l a t t r i a l f u n c t i o n 
( 1 . 0 e v e r y w h e r e e x c e p t 0 . 0 on z e r o f l u x b o u n d a r i e s ) i s a u t o m a a t c a l l y 
s u p p l i e d . These c a r d s are ignored i f the problem type i s not s y n t h e s i s . 

6ZZG11 - 6ZZGI9 ( o p t i o n a l ) [ 1 4 . 1 1 
S p e c i f y a mapping v e c t o r o f group numbers from s u c c e s s i v e p o s i t i o n s o f 
t r i a l f u n c t i o n s In zone ZZ to be used i n s y n t h e s i s group G. If t h e s e 
c a r d s a r e not p r e s e n t , the mapping i s o n e - t o - o n e . These qards a r e ignored 
i f the prob lem t y p e i s not s y n t h e s i s . 

660SSS ( o p t i o n a l ) [ 1 4 . 1 3 
S p e c i f y t h r e e ( v e r s i o n number, synonym) p a i r s , where the t h i r d t r i a l 
f u n c t i o n I d e n t i f i e d i s to be s u b t r a c t e d from the s e c o n d to form a 
d i f f e r e n c e f u n c t i o n . T h i s d i f f e r e n c e f u n c t i o n i s used a s t h a t t r i a l 
f u n c t i o n i d e n t i f i e d f i r s t on t h i s c a r d and somewhere on the 6ZZ00S a n d / o r 
6ZZG0S c a r d s . SSS may be any o f 1 ,2 9 9 9 n o t n e c e s s a r i l y s e q u e n t i a l . 
If a synonym has a b l a n k v a l u e , the synonym used i s POINTFLUX. I f the 
( v e r s i o n number, synonym) p a i r i s (©.UNITY), a f l a t t r i a l f u n c t i o n ( 1 . 0 

'^:.v^7r\s "r?*n?;?d*^Tfzth: ji^^rm"?j;:"i:^^i ^^t^^ is?" '^ s'̂ ^^ îed. 
700000 ( o p t i o n a l ) [ 1 0 . 1 , 1 0 . 2 , 1 0 . 3 3 

Default Indicator for channel / track I d e n t i f i c a t i o n s . If zero i s suppl ied 
( d e f a u l t v a l u e ) , any i n i t i a l f igore conta in ing non-spec i f i ed channee/track 
i d e n t i f i c a t i o n w i l l have a channel and track value of 1 suppl ied for the 
non- spec i f i ed c h a n n e l s / t r a c k s . If one i s suppl ied on th i s card, the 
i n i t i a l f igure w i l l have N suppl ied for the non-spec i f i ed channees/tracks 
in column/row N. 
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7BBB00 ( o p t i o n a l ) [ 1 0 . 1 , 1 0 . 2 , 1 0 . 3 ] 
Normal ly c h a n n e l l a b e l s are a s s i g n e d to columns and t r a c k l a b e l s a r e 
a s s i g n e d to rows of an i n i t i a l f i g u r e . T h i s card c o n t a i n s an i n d i c a t o r 
which i f z e r o ( d e f a u l t v a l u e ) does not a f f e c t t h i s l a b e l p r o c e s s b u t , i f 
o n e , r e v e r s e s t h i s l a b e l p r o c e s s f o r b a s i c f i g u r e BBB. 

7BBBA1 - 7BBBA9 ( o p t i o n a l ) [ 1 0 . 1 , 1 0 . 2 , 1 0 . 3 ] 
C h a n n e 1 / t r a c k i d e n t i f i e r s f o r b a s i c f i g u r e BBB, a u x i l i a r y f i g u r e A. The 
data f o r a u x i l i a r y f i g u r e s 1 , 2 , . . , , 9 , modi fy d a t a s p e c i f i e d for a u x i l i a r y 
f i g u r e 0 . The form o f the d a t a i s . . . CO, CHI, CI, CH2 0 , R0. TRl, 
R l , TR2, R2, . . . , where CHI (TRl) i s a c h a n n e l ( t r a c k ) labe1 to' be 
a s s i g n e d b e t w e e n columns ( r o w s ) CO and CI (RO and Rl) and s o on f o r CH2 
(TR2) b e t w e e n CI and C2 (Rl and R 2 ) ) . . . If the c h a n n e l ( t r a c k ) l a b e l i s 
n e g a t i v e , the a b s o l u t e v a l u e i s used and i s i n c r e m e n t e d by one for e a c h 
COlumn ( r o w ) . 

800000 ( o p t i o n a l , q u a d r i l a t e r a l geometry) [ 1 0 . 3 ] 
I n t e r n a l a n g l e o f b a s i c f i g u r e s i n s e q u e n t i a l e x p a n s i o n form w i t h l a s t 
v a l u e assumed to e x t e n d i n f i n i t e l y . D e f a u l t v a l u e i s 90 d e g r e e s , 60 
d e g r e e s i f g e o m e t r y type i s - 4 . 

8BBB00 ( n o n - q u a d r i l a t e r a l geometry ) [ 1 0 . 1 , 1 0 . 2 ] 
C o n t r o l card f o r b a s i c f i g u r e BBB c o n t a i n i n g column boundary, row 
boundary , column i n t e r v a l p l a n a r mesh d a t a s u b s e r i e s numbers, z e r o , row 
i n t e r v a l p l a n a r mesh d a t a s u b s e r i e s numbers. If a t r a n s i t i o n f i g u r e , d a t a 
i s . . . minus o n e , row boundary, column i n t e r v a l s u b s e r i e s number, z e r o , 
l e f t s i d e s u b s e r i e s numbers then r i g h t s i d e s u b s e r i e s numbers. 

8BBBO0 ( q u a d r i l a t e r a l geometry ) [ 1 0 . 3 ] 
B a s i c f i g u r e c o n t r o l card c o n t a i n i n g l a b e l , column boundary , row boundary, 
column i n t e r v a l p l a n a r mesh data s u b s e r i e s numbers , z e r o , row i n t e r v a l 
p l a n a r mesh d a t a s u b s e r i e s numbers. BBB need not be s e q u e n t i a l . 

8BBBA0 ( q u a d r i l a t e r a l geometry ) [ 1 0 . 3 ] 
Card c o n t a i n s the l a b e l f o r a u x i l i a r y f i g u r e A o f b a s i c f i g u r e d e f i n e d f o r 
s e q u e n c e BBB. The v a l u e of A i s 1 to 9 , not n e c e s s a r i l y s e q u e n t i a l . 

8BBBA1 - 8BBBA9 ( n o n - q u a d r i l a t e r a 1 geometry ) [ 1 0 . 1 , 1 0 . 2 3 
P l a n a r r e g i o n o v e r l a y s e t s ( p l a n a r r e g i o n number, l e f t column, r i g h t 
co lumn, top row, b o t t o m row) f o r a u x i l i a r y f i g u r e A ( 0 , 1 , 2 , . . . ) o f b a s i c 
f i g u r e BBB. Data f o r a u x i l i a r y f i g u r e s 1 , 2 , . . . a l l modi fy a u x i l i a r y 
f i g u r e 0 . Note t h a t i n i t i a l f i g u r e s are numbered BBBA and thus b e g i n w i t h 

8BBBA1 - BBBBA9 ( q u a d r i l a t e r a l geometry ) [ 1 0 . 3 ] 
P l a n a r r e g i o n o v e r l a y s e t s ( p l a n a r r e g i o n number, l e f t co .umn, r i g h t 
co lumn, top row, b o t t o m row) f o r a u x i l i a r y f i g u r e A ( 0 , 1 , 2 , . . . ) o f b a s i c 
f i g u r e BBB. Data f o r a u x i l i a r y f i g u r e s 1 , 2 , . . . a l l modi fy a u x i l i a r y 
f i g u r e 0 . 

9 0 0 0 0 0 ( o p t i o n a l , q u a d r i l a t e r a l geometry ) [ 1 0 . 3 ] 
I n t e r n a l a n g l e of compound f i g u r e s in s e q u e n t i a l e x p a n s i o n form w i t h l a s t 
v a l u e assumed to e x t e n d i n f i n i t e l y . D e f a u l t v a l u e i s 90 d e g r e e s , 60 
d e g r e e s i f g e o m e t r y type i s - 4 . 

900001 ( o p t i o n a l , q u a d r i l a t e r a l geometry ) [ 1 0 . 3 ] 
Label of the s o l u t i o n f i g u r e . D e f a u l t l a b e l name i s SOLUTION. 

9BBB00 ( o p t i o n a l , n o n - q u a d r i l a t e r a l geometry ) [ 1 0 . 1 , 1 0 . 2 ] 
C o n t r o l card f o r s u p e r f i g u r e BBB c o n t a i n i n g column boundary and row 
boundary. 

9CCCO0 ( q u a d r i l a t e r a l geometry ) [ 1 0 . 3 3 
Compound f i g u r e c o n t r o l card c o n t a i n i n g l a b e l , column boundary, row 
boundary. If o n l y l a b e l i s p r e s e n t , input f i g u r e f i l e o v e r l a y s e t s a r e 
a c c e s s e d and any card input o v e r l a y s e t s are added to them. CCC need not 
be s e q u e n t i a l . 

9CCC01 - 9GCC99 ( q u a d r i l a t e r a l geometry ) [ 1 0 . 3 ] 
Compound f i g u r e o v e r l a y s e t s , one s e t per c a r d , c o n s i s t i n g o f f i g u r e 
l a b e l , p o i n t co lumn o r i g i n , p o i n t row o r i g i n , row d i r e c t i o n i n d e x , column 
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d i r e c t i o n i n d e x , f i n a l f i g u r e number i n c r e m e n t , c h a n n e l number i n c r e m e n t , 
a b s o l u t e X o r i g i n , a b s o l u t e Y o r i g i n , d e l t a a n g l e of r o t a t i o n . 

9BBBA1 - 9BBBA9 ( o p t i o n a l , n o n - q u a d r i l a t e r a l g e o m e t r y ) [ 1 0 . 1 , 1 0 . 2 ] 
S u p e r f i g u r e o v e r l a y s e t s ( i n i t i a l f i g u r e number , o r i g i n c o l u m n , o r i g i n 
row, r o t a t i o n i n d e x , r e f l e c t i o n i n d i c a t o r ) , f o r a u x i l i a r y s u p e r f i g u r e A 
of s u p e r f i g u r e BBB. D a t a f o r a u x i l i a r y s u p e r f i g u r e s 1 , 2 , . . . a l l m o d i f y 
a u x i l i a r y s u p e r f i g u r e 0 . Note t h a t i n i t i a l s u p e r f i g u r e s a r e numbered 
BBBA and t h u s b e g i n w i t h 10 . 
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9 . 1 . CONTROL INPUT PREPARATION: CONTROL DATA 

The d e s c r i p t i o n o f input d a t a i n t h i s s e c t i o n and In a l l o t h e r s e c t i o n s 
r e l a t i n g to Input d a t a p r e p a r a t i o n i n c l u d e s the s e t o f r e s t r i c t i o n s a n d / o r 
c o n s i s t e n c y r e q u i r e m e n t s f o r the d a t a d e s c r i b e d . A l l o f t h e s e r e q u i r e m e n t s ARE 
c h e c k e d by the program f o r b o t h n e c e s s a r y and s u f f i c i e n t c o n d i t i o n s . For 
e x a m p l e , i f some o p t i o n i s a l l o w e d to have v a l u e s of 0 or 1 ( I . e . t h o s e are the 
o n l y v a l u e s d e s c r i b e d i n t h i s m a n u a l ) , the program c h e c k s t h a t o n l y 0 or 1 Is 
p r e s e n t and a n y o t h e r v a l u e i s c o n s i d e r e d an e r r o r . T h i s type o f c h e c k i n g Is 

li:irl^iir^irA\ f iL ;^*t w^^^ i^Ir^iprbTe'^ife^j^di^iSg!^""^ a'̂ "'̂ ^ "'^'" t̂ ^ 
If any error i s found on the f i r s t required data card (010001, the master 

contro l data card) , that fac t i s noted and the problem is immeedately r e j e c t e d . 
Otherwise, the input process ing s e c t i o n s of the program are always executed so 
that the e n t i r e input for the case i s checked for errors regardless of the 
number of errors encountered. 

In th i s s e c t i o n , each card i s f i r s t described by s p e c i f y i n g the order of 
s u c c e s s i v e data f i e l d s on the card; then a more extens ive d e s c r i p t i o n i s g iven 
for each data item. A short mnemonic name i s used for each item; then, in the 
subsequent d e s c r i p t i o n s , t h i s name i s used when re ferr ing to a par t i cu lar item. 

Spec ia l Path, S l i c i n g , Res tar t s 

010000 Optional . 

(1) PATH - s p e c i a l path d e f i n i t i o n 
(2) SLICE - s l i c i n g plane d e f i n i t i o n 
(3) FIRCAS - next case to execute ( r e s t a r t ) 
(4) FIRSUB - f i r s t sub-case to execute ( r e s t a r t ) 
(5> DSLICE - source plane d e f i n i t i o n 

This card i s used to def ine a c a l c u l a t l o n a l path other than normal, to 
def ine a two dimensional ( s l i c e ) c a l c u l a t i o n to be rut from a three dimensional 
problem d e s c r i p t i o n , to begin execut ion ( r e s t a r t ) at other than the next case or 
sub-case , and to def ine a plane from which to obtain the source components for a 
s l i c e c a l c u l a t i o n . The card is opt iona l and may contain from one to f ive data 
items wi th defau l t va lues of 0 , - 1 , 0 , 0 , 0 for PATH, SLICE, FIRCAS, FIRSUB, 
and DSLICE r e s p e c t i v e l y . 

( I) PATH 

PATH Is used to specify that the program execute some subset of the normal 
calculations in a case. These various paths may be used without making 
substantial changes to a normal set of input, but In all cases the input must be 
complete in the normal caIculatlona1 - path sense. It should be stressed that 
these special paths are mechanical in the program and simply go through the 
requested program sections to accomplish the required task. All desired options 
in those sections must be explicitly requested. For example, if the PATH = 5 
option (edit pointwise flux) is chosen, the request for pointwise flux edits 
must be explicitly included in the appropriate Input data or pointwise flux 
edits will not be done. Normal calculation cases may be freely Intermixed with 
these special path cases. In all paths except PATH = 7 (input check and no 
filing), the problem Is rejected If the input is in error, but otherwise 
multiple cases may be accomplished. If PATH = 7, all cases are processed 
regardless of the number of input errors found unless the master control card 
(O1000l) is in error. Except for PATH = 7, all paths go through- the output 
filing section of the program which writes File Manager files. If a request is 
made to file data which does not exist (input or calculated), the request is 
ignored and will not affect that case in any way. If sub-cases are specified, 
only the first one is executed if PATH is non-zero. 

The value of PATH determines the particular path to be executed as follows: 
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0 = normal path ( d e f a u l t ) 
1 = c a l c u l a t e s y n t h e s i s i n t e g r a l s 
2 = do a complete r e - e d i t 

4 = tlWel^oTollopic data 
5 = e d i t pointwise f lux 
6 = input check and f i l i n g 

If PATH == O (or i f t h i s card Is m i s s i n g ) , a normal c a l c u l a t l o n a l path Is 
done. 

If PATH = 1, the problem must be s y n t h e s i s . 

If PATH = 2, a l l c a l c u l a t i o n s otherwise requested except the s p a t i a l 
c a l c u l a t i o n are performed. If the problem type i s s y n t h e s i s , an integral 
f lux F i l e Manager input f i l e must be provided. If both pointwise and 
integrated f lux F i l e Manager input f i l e s are provided, the l a t t e r i s used 
in a l l c a l c u l a t i o n s invo lv ing the f lux in i n t e g r a t i o n s . Either an 
integrated f lux or a pointwise f lux F i l e Manager input f i l e must be 

If PATH = 3 , meshwise and/or blockwise concentrat ion e d i t s are a l so 

If PATH = 4, macroscopic cross s e c t i o n s c a l c u l a t e d in the case are ed i ted 
i f requested . 

If PATH = 5, a pointwise f lux F i l e Ibnager Input f i l e must be provided. 

If PATH = 6, any F i l e Manager data f i l e s wr i t t en w i l l conta in whatever data 
i s provided a f t e r Input process ing but before any c a l c u a I t l o n a l s e c t i o n s 
have been executed. This data may be from a F i l e Manager input f i l e or may 
be generated by the input process i t s e l f . Examples of the l a t t e r include a 
f l a t pointwise f l u x ( 1 . 0 everywhere except 0 . 0 on zero f l u x boundaries) , a 

If PATH = 7, a l l cases are processed unless the master contro l card 
(010001) i s in error . 

(2) SLICE 

SLICE i s used to s p e c i f y the a x i a l plane at which to s l i c e a three 
dimensional problem to create a two dimensional problem. The value of SLICE 
must be greater than or equal to zero and l e s s than or equal to the h ighest 
plane number; the problem type must not be s y n t h e s i s . If a s l i c e i s not 
des i red , t h i s value should be s e t to any negat ive number. If the problem i s two 
dimensional, t h i s value i s ignored. For a s l i c e problem, any F i l e Manager input 
f i l e may be two or three dimensional except a geometry f i l e ( i f any) which must 
be three dimensional . The program w i l l automat ica l ly s l i c e out the appropriate 

?iput ^ f lTeaS^^p^o^ i l i i t ^heI f lLe r : : O^T^niTnl Ŝ L̂̂ ê r iLI^l'^arl ii^ed'^s^^fhl 
JisLrHf iirri^Liu'Tni^'iiZu.'^T'iii nrs^iL^r?^; thfme r̂̂ fini 
between ax ia l point planes numbered SLICE and SLICE+1; i f SLICE i s the highest 
a x i a l point number, then these q u a n t i t i e s are obtained from the mesh plane 
i r ^ i l ^ n s i ^ ^ / ' - t r - i a ^ S n ^ ^ l ^ n s Yol o111"%^^ T^^L Til^LdZl '^^^the^iTf 
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(3) FIRCAS 
FIRCAS is used to specify the next case number to execute; that is, 

restart at other than the current case. The card specifying FIRCAS may appear 
in any case but, of course, must appear in the first case to be skipped. For 
example, if the fii'st five cases are to be skipped, this card should be present 
in the fii'st case aud FIRCAS = 6 should be supplied. All input processing of 
card data for the skipped cases is exactly as If those cases had been executed. 
In particular, the program automatically determines which File Manager input 
files are required If such files were being used from case to case in the 
skipped cases. This oi>tion is especially useful in restarting a previous 
problem which terminated prematurely in that the input deck does not have to be 
restructured to continue the problem. 

( 4 ) FIRSUB 

FIRSUB i s used to s p e c i f y the f i r s t s u b - c a s e to e x e c u t e ; t h a t i s , r e s t a r t 
a t o t h e r than the f i r s t s u b - c a s e . AH input p r o c e s s i n g for the s k i p p e d 
s u b - c a s e s i s e x a c t l y a s i f t h o s e s u b - c a s e s had been e x e c u t e d . In p a r t i c u l a r , 
the program a u t o m a t i c a l l y d e t e r m i n e s which F i l e Manager input f i l e s ( i f any) a r e 
r e q u i r e d . T h i s o p t i o n i s e s p e c i a l l y u s e f u l i n r e s t a r t i n g a p r e v i o u s problem 
which t e r m i n a t e d p r e m a t u r e l y in t h a t the Input deck does not have to be 
r e s t r u c t u r e d to c o n t i n u e the prob lem. If FIF.5UB i s g r e a t e r than 1, t h e n : ( a ) 
i f the prob lem i s d e p l e t a b l e , a F i l e Manager input c o n c e n t r a t i o n f i l e must be 
p r o v i d e d ; and (b ) i f any c o n t r o l s e a r c h or a p o i s o n s e a r c h i s b e i n g d o n e , a 
F i l e Manager i n p u t g e o m e t r y f i l e must be p r o v i d e d . 

( 5 ) DSLICE 

DSLICE i s used to s p e c i f y the a x i a l p l a n e a t which to s l i c e a t h r e e 
d i m e n s i o n a l prob lem to o b t a i n the p o i n t w i s e f l u x g u e s s and the d i f f u s i o n 
c o e f f i c i e n t to c o n s t r u c t a s o u r c e . The s o u r c e w i l l be the product of t h e s e two 
q u a n t i t i e s . The problem type w i l l be s e t to " f ixed s o u r c e " , card 010004 (CHI 
v a l u e s ) and c a r d s 04g0SS ( f i x e d s o u r c e v a l u e s ) w i l l be d e l e t e d t e m p o r a r i l y in 
t h i s c a s e i f t h e y are p r e s e n t . The v a l u e o f SLICE must be n o n - n e g a t i v e ( i . e . a 
s l i c e prob lem must be d o n e ) , t h e r e cannot be two thermal g r o u p s , and a 
t w o - d i m e n s i o n a l c o n c e n t r a t i o n f i l e cannot be i n p u t . Note t h a t , u n l i k e the v a l u e 
for SLICE, a z e r o v a l u e of DSLICE i s i g n o r e d . The v a l u e of the f l u x - w e i g h t e d 
s o u r c e w i l l be e d i t e d in p l a c e o f the f l u x - w e i g h t e d f i s s e o n c r o s s s e c t i o n ; 

Master C o n t r o l Data 

010001 Required i n a l l p r o b l e m s . 

- number o f groups 
- number o f thermal g r o u p s / P ( 3 ) i n d i c a t o r 
- f i n e b l o c k i n g i n d i c a t o r 
- g e o m e t r y type 
- l a r g e s t f i n a l f i g u r e 
- l a r g e s t p l a n a r r e g i o n 
- l a r g e s t c o m p o o s t i o n 
- c o m p o s i t i o n c o r e s p o n d e n c e i n d i c a t o r 
- column boundary 
- row boundary 
- p l a n e boundary 

. - - . - d i a g o n a l column 
( 1 5 ) CMINCH - c e n t i m e t e r s / i n c h e s i n d i c a t o r 

( 1 ) PRBTYP 
( 2 ) ADJNT 
( 3 ) GROUPS 
( 4 ) THGRPS 
( 5 ) FINE 
( 6 ) GEOM 
( 7 ) MAXFIG 
( 8 ) MAXREG 
( 9 ) MAXCMP 

( 10) CORRES 
( 11) COLBDY 
( 12) ROWBDY 
( 13) PLNBDY 
( 14) DIAG 
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T h i s i s t h e m a s t e r c o n t r o l c a r d r e q u i r e d i n e v e r y p r o b l e m . The c a r d 
c o n t a i n s i m p o r t a n t p a r a m e t e r s w h i c h a r e u s e d i n d e t e r m i n i n g i n p u t d a t a 
c o n s i s t e n c y . 

( 1 ) PRBTYP 

PRBTYP i s t h e t y p e o f s p a t i a l f l u x s o l u t i o n t h a t i s t o b e p e r f o r m e d . T h e r e 
a r e s e v e n d i f f e r e n t t y p e s p o s s i b l e d e p e n d i n g o n t h e v a l u e o f PRBTYP f r o m - 1 
t h r o u g h 5 a s f o l l o w s : - 1 m e a n s s i m p l i f i e d P ( L ) , 0 m e a n s a d d i t i v e f a s t s o u r c e , 1 
m e a n s f i x e d s o u r c e , 2 m e a n s e i g e n v a l u e . 3 m e a n s o n e i t e r a t i o n , 4 m e a n s b o u n d a r y 
v a l u e , 5 m e a n s s y n t h e s i s . I f PRBTYP i s - 1 o r 0 , t h e P ( 3 ) , a d j o i n t , a n d 
t w o - t h e r m a l g r o u p o p t i o n s m u s t n o t b e r e q u e s t e d and t h e r e m u s t b e a t l e a s t two 

?;;:-rh;rmi; '^IZ ^ ^ ^ ^ ^ l l ^ o r . ^ ' l ^ ^ r r i l ^ s ^ i ^ e t l T ^ l ^ l L t t t 
a t l e a s t two g r o u p s . 

( 2 ) ADJNT 

ADJNT i s t h e s p e c i f i c a t i o n o f w h e t h e r a n a d j o i n t s o l u t i o n i s d e s i r e d . I f 
ADJNT h a s a v a l u e o f 0 , a d i r e c t ( n o n - a d j o i n t ) c a l c u l a t i o n i s p e r f o r m e d . I f 
ADJNT h a s a v a l u e o f 1 , a n a d j o i n t c a l c u l a t i o n i s p e r f o r m e d ; i n t h i s c a s e , t h e 
number o f g r o u p s m u s t b e g r e a t e r t h a n 1, t h e r e m u s t b e o n l y 1 t h e r m a l g r o u p , and 
t h e s i m p l i f i e d P ( 3 ) f a s t g r o u p t r e a t m e n t c a n n o t b e u s e d . 

( 3 ) GROUPS 

GROUPS is the number of groups. This must be a positive value no greater 
than five. 

( 4 ) THGRPS 

THGRPS i s t h e number o f t h e r m a l g r o u p s ( 1 o r 2 ) a n d , s i m u l t a n e o u s l y , 
s p e c i f i e s w h e t h e r t h e f a s t g r o u p t r e a t m e n t i s s i m p l i f i e d P ( 3 ) . I f THGRPS i s 
n e g a t i v e ( - 1 o r - 2 ) , a s i m p l i f i e d P ( 3 ) f a s t g r o u p t r e a t m e n t i s u s e d . THGRPS 
m u s t b e 1 o r - 1 i f t h e p r o b l e m i s t h r e e d i m e n s i o n a l . The t o t a l n u m b e r o f g r o u p s 
m u s t n o t be l e s s t h a n t h e n u m b e r o f t h e r m a l g r o u p s . I f P ( 3 ) i s s e l e c t e d , t h e r e 
m u s t b e a t l e a s t o n e n o n - t h e r m a l g r o u p ; a t l e a s t two n o n - t h e r m a l g r o u p s i f 
t h e r e a r e two t h e r m a l g r o u p s . 

( 5 ) FINE 

F I N E i s t h e i n d i c a t o r o f w h e t h e r f i n e b l o c k i n g i s t o b e d o n e . The v a l u e o f 
t h i s i n d i c a t o r m u s t b e e i t h e r 0 ( f o r no f i n e b l o c k i n g ) o r 1 ( f o r f i n e b l o c k i n g ) . 
I f a p r o b l e m I s s e t u p t o do f i n e b l o c k i n g w i t h a l l t h e a p p r o p r i a t e i n p u t 
r e q u i r e d and t h e n a c a l c u l a t i o n w i t h o u t f i n e b l o c k i n g i s d e s i r e d , t h e v a l u e o f 
FINE may b e s e t t o 0 a n d t h e p r o g r a m w i l l a u t o m a t i c a l l y d e l e t e a l l o t h e r f i n e 
b l o c k c a r d a n d / o r f i l e d a t a s o t h a t t h i s i s t h e o n l y u s e r a c t i o n t h a t n e e d b e 

( 6 ) GEOM 

GEOM I s t h e i n d i c a t o r o f t h e t y p e o f g e o m e t r y f o r t h e p r o b l e m . The t y p e i s 
d e t e r m i n e d b y t h e v a l u e o f GEOM a s f o l l o w s : 1 m e a n s r e c t a n g u l a r , 2 m e a n s 
c y l i n d r i c a l . 3 m e a n s s p h e r i c a l , a n d 4 m e a n s h e x a g o n a l . I n a d d i t i o n , i f t h e 
v a l u e o f GEOM i s t h e n e g a t i v e o f a n y o n e o f t h e f o u r v a l u e s d e s c r i b e d , t h e 
g e o m e t r y g r i d s p e c i f i e d i s t h e g e n e r a l i z e d q u a d r i l a t e r a l g r i d . S p h e r i c a l 
g e o m e t r y I s a v a i l a b l e o n l y i n o n e d i m e n s i o n ; c y l i n d r i c a l g e o m e t r y o n l y i n o n e 
a n d two d i m e n s i o n s ; a n d h e x a g o n a l o n l y i n two a n d t h r e e d i m e n s i o n s . A 
q u a d r i l a t e r a l g e o m e t r y g r i d c a n n o t b e s p e c i f i e d f o r o n e d i m e n s i o n , n o r f o r 
c y l i n d r i c a l g e o m e t r y , n o r c a n t h e r e b e two t h e r m a l g r o u p s . I n a d d i t i o n , i f a 
q u a d r i l a t e r a l g e o m e t r y ^ i d h a s b e e n s p e c i f i e d a n d t h e p r o b l e m I s t h r e e 
d i m e n s i o n a l , t h e n PRBTYP = 5 ( s y n t h e s i s ) i s r e q u i r e d . B o t h q u a d r r l a t e r a l 
o p t i o n s - 1 a n d - 4 ( " r e c t a n g u l a r ' a n d " h e x a g o n a l " r e s p e c t i v e l y ) a r e s l a b 

!::rreto"Ldi5J^%:gie^I\;^' i^L^gr!rri:mrn^rif ipe^tU:irun\f^roth:rwtre 
s p e c i f i e d . 
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(7) MAXFIG 
MAXFIG Is the largest final figure number used In the problem, The value 

of MAXFIG must be positive and less than 1000. 
(8) MAXREG 

MAXREG is the largest planar region number used in the problem, The value 
of MAXREG must be positive and less than 1000. 
(9) MAXCMP 

MAXCMP is the largest composition number used In the problem. The value of 
MAXCMP must be positive and less than 512. 
(10) CORRES 

CORRES I s the I n d i c a t o r o f how the c o m p o s i t i o n s a r e to be a s s i g n e d t o the 
g e o m e t r y s t r u c t u r e . I f CORRES has a v a l u e o f 1, c o m p o s i t i o n s w i l l be a s s i g n e d 
to f i n a l f i g u r e s ; If CORRES has a v a l u e o f 2 , c o m p o s i t i o n s w i l l be a s s i g n e d to 
p l a n a r r e g i o n s . If the v a l u e o f CORRES Is n e g a t i v e ( - 1 or - 2 ) , the 
c o r r e s p o n d e n c e w i l l be o n e - t o - o n e w i t h f i n a l f i g u r e s or p l a n a r r e g i o n s 
r e s p e c t i v e l y . The c o r r e s p o n d e n c e may be o n e - t o - o n e o n l y i f MAXCMP = MAXFIG ( o r 
nx\x>\^j3P = ™ " " Fi "̂ '̂  ̂  ) . 

( 1 1 ) COLBDY 

COLBDY i s the p o i n t number ( c o u n t i n g from 0) o f the l a s t co lumn. The 
number o f s o l u t i o n c o t u u n s must be g r e a t e r than two. 

( 1 2 ) ROWBDY 

ROVBDY is the point number (counting from O) of the last row. The number 
of solution rows must be greater than one In two and three dimensions. 
(13) PLNBDY 

PLNBDY i s t h e p o i n t number ( c o u n t i n g from 0) o f the l a s t p l a n e , The number 
o f s o l u t i o n p l a n e s must be g r e a t e r than one In t h r e e d i m e n s i o n s . 

( 1 4 ) DIAG 

DIAG I s the p o i n t number ( c o u n t i n g from O) o f the d i a g o n a l column where the 
c h e v r o n bend o c c u r s In h e x a g o n a l g e o m e t r y , z e r o o t h e r w i s e . I f n o n - z e r o : DIAG 
mnst be g r e a t e r than one and l e s s than COLBDY-1; If the row z e r o boundary 
c o n d i t i o n I s r o t a t i o n a l , the v a l u e o f DIAG must be e x a c t l y o n e - h a l f the v a l u e o f 
COLBDY. 

( 1 5 ) CMINCH 

CHINCH I s the i n d i c a t o r o f whether the g e o m e t r y Input d i m e n s i o n s are g i v e n 
In c e n t i m e t e r s or in I n c h e s . I f the v a l u e of CMINCH I s 0 , the u n i t s a r e 
c e n t i m e t e r s ; I f CHINCH Is It the u n i t s are I n c h e s . 

Boundary C o n d i t i o n s 

010002 Required in all problems. 
(1) LEFTBG - boundary condition at column 0 
(2) RITBC - boundary condition at column COLBDY 
(3> TOPBC - boundary condition at row 0 
(4) BOTBC - boundary condition at row ROWBDY 
(5) UPRBC - boundary condition at plane 0 
(6) LWBBG - boundary condition at plane PLNBDY 
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T h i s c a r d s u p p l i e s boundary c o n d i t i o n s and i s r e q u i r e d In e v e r y prob lem. 

The d a t a Items a r e the boundary c o n d i t i o n s f o r coInmn O and COLBDY, row O 
and ROVBDY, p l a n e 0 and PLNBDY r e s p e c t i v e l y . For e a c h boundary , the c o n d i t i o n s 
are s p e c i f i e d by one o f four v a l u e s : - 1 means r o t a t i o n a l symmetry ( o n row 0 
o n l y ) , 0 means z e r o f l u x , +1 means z e r o c u r r e n t , and +2 means f i x e d f l u x . Up to 
s i x v a l u e s may be p r e s e n t i n any p r o b l e m , but o n l y the f i r s t two a r e r e q u i r e d i n 
one d i m e n s i o n and o n l y the f i r s t four a r e r e q u i r e d i n two d i m e n s i o n s . The 
column O boundary c o n d i t i o n must be z e r o c u r r e n t In c y l i n d r i c a l and s p h e r i c a l 

l̂ or̂ Jr̂ : ?SJ L":n5:*y*io^lt!rr^*7colSlltrLrC^LBD^ llsTlt i^^^'^ic^i 
the c a s e o f r o t a t i o n a l symmentry. 

S p a t i a l I t e r a t i o n P a r a m e t e r s 

0 1 0 0 0 3 Required i n a l l p r o b l e m s . 

( 1 ) LAMBDA - input e i g e n v a l u e g u e s s 
( 2 ) EPSILN - i t e r a t i o n c o n v e r g e n c e c r i t e r i o n 
T h i s card s u p p l i e s p a r a m e t e r s f o r the s p a t i a l I t e r a t i o n and i s r e q u i r e d f o r 

e v e r y prob lem. 

( 1 ) LAMBDA 

Lambda Is the e i g e n v a l u e g u e s s to be u s e d In the i t e r a t i o n or a s the 
problem e i g e n v a l u e i f the s p a t i a l i t e r a t i o n i s t o be b y p a s s e d . T h i s g u e s s 
s h o u l d be r e a s o n a b l e in a l l c a s e s but i s e x t r e m e l y Important i n some p r o b l e m s . 
In a prob lem which i s b e i n g r e - e d l t e d and the s p a t i a l c a l c u l a t i o n i s b e i n g 
b y p a s s e d , t h i s e i g e n v a l u e g u e s s must be the c o r r e c t ( c o n v e r g e d ) e i g e n v a l u e or 
c e r t a i n o f the e d i t s w i l l be wrong ( K - e f f e c t l v e e d i t s , b u c k l i n g e d i t s ) . In a 
s y n t h e s i s prob lem, t h i s g u e s s s h o u l d a l w a y s be a t l e a s t a s l a r g e a s the e x p e c t e d 

^L r̂̂ r̂ t̂hisbeguers I S T^'\:iU'A'Xtt.i,TnTTs :Lll Tor.\7oi tVst.rgeTJ'-. 
s y n t h e s i s prob lem, the program a t t e m p t s to g u a r a n t e e t h i s r e q u i r e m e n t by t a k i n g 
a s the a c t u a l g u e s s 1.1 t i m e s the Input g u e s s . In an e x p l i c i t prob lem vdien the 
c o n v e r g e d f l u x i s input and a f ew more i t e r a t i o n s a r e d e s i r e d , t h i s e i g e n v a l u e 
g u e s s s h o u l d be t h a t wh ich was c a l c u l a t e d a s the l a s t e i g e n v a l u e i n the p r e v i o u s 
problem or the prob lem w i l l run l o n g e r than i s n e c e s s a r y . I f a F i l e Manager 
p o i n t w i s e f l u x f i l e i s input to the prob lem and LAMBDA i s z e r o , the e i g e n v a l u e 
g u e s s w i l l be t a k e n from t h a t f i l e . T h i s i s a f l o a t i n g p o i n t number. 

( 2 ) EPSILN 

If EPSILN i s p o s i t i v e , i t I s the i t e r a t i o n c o n v e r g e n c e c r i t e r i o n f o r the 
p o i n t w i s e f l u x a s used i n E q u a t i o n 2 . 2 . 1 . If EPSILN i s n e g a t i v e , the a b s o l u t e 
v a l u e Is u s e d and I t I s the c o n v e r g e n c e c r i t e r i o n f o r the e i g e n v a l u e o n l y ; In 
t h i s c a s e I f the prob lem type (PRBTYP on card 0 1 0 0 0 1 ) Is n o t an e i g e n v a l u e 
s o l u t i o n , EPSILN i s t r e a t e d a s though I t were z e r o . If EPSILN Is z e r o , o n l y one 
o u t e r i t e r a t i o n Is d o n e . T h i s I s a f l o a t i n g p o i n t number. 

Chi V a l u e s 

010004 Required in non fixed-source problems 
(1) CHIl - chl value for group 1 
(2) CHI2 - chl value for group 2 
( ) 

(G) CHIG - c h i v a l u e f o r the l a s t (C^th) group 
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Thi s card s u p p l i e s v a l u e s o f c h i , the f r a c t i o n of f i s s i o n n e u t r o n s b o r n , 
f o r e a c h g r o u p . 

Th i s c a r d must n o t be p r e s e n t i n f i x e d s o u r c e (PRBTYP=1) problems and i s 
r e q u i r e d i n a l l o t h e r p r o b l e m s . These are f l o a t i n g p o i n t numbers. 

D e p l e t i o n Time, Power L e v e l D e e i n i t i o n 

0 1 0 0 0 8 Required In d e p l e t a b l e p r o b l e m s . 

( 1 ) T ( 0 ) - t ime a t b e g i n n i n g o f s t e p 
( 2 ) T(1 ) - t ime a t end o f s t e p 
( 3 ) DELTMX - maximum r e n o r m a 1 i z a t i o n time 
( 4 ) POWER - power l e v e l In w a t t s 
( 5 ) DEPTIM - d e p l e t i o n p a t h i n d i c a t o r 

T h i s c a r d i s r e q u i r e d i f and o n l y i f the problem i s d e p l e t a b l e ; I . e . 
n u c l i d e c o n c e n t r a t i o n s are d e f i n e d i n the prob lem. 

( 1 ) T(0) 

T(0) is the time (in hours) at the beginning of the depletion interval. 
T(0) must be non negative. This Is a floating point number. 

( 2 ) T( 1) 

T(1 ) I s the t ime ( i n h o u r s ) a t the end of the d e p l e t i o n i n t e r v a l . T ( 1 ) 
must be g r e a t e r than or e q u a l to T ( 0 ) . T h i s i s a f l o a t i n g p o i n t number. 

( 3 ) DELTMX 

DELTMX i s the maximum time I n t e r v a l ( i n hours ) to d e p l e t e b e f o r e p e r f o r m i n g 
a thermal f l u x r e n o r m a 1 i z a t I o n . DELTMX must be non n e g a t i v e and i f T(0) i s n o t 
e q u a l to T(1) i t must be s t r i c t l y p o s i t i v e . Th i s i s a f l o a t i n g p o i n t number. 

( 4 ) POWER 

POWER i s the power l e v e l ( i n w a t t s ) e x t r a c t e d from t h a t p o r t i o n o f the c o r e 
volume r e p r e s e n t e d b y the prob lem. The v a l u e must be non n e g a t i v e . T h i s i s a 
f l o a t i n g p o i n t number. 

( 5 ) DEPTIM 

DEPTIM i s the i n d i c a t o r o f whether the d e p l e t i o n i s to o c c u r b e f o r e or 
a f t e r the s p a t i a l f l u x c a l c u l a t i o n or not a t a l l . The v a l u e o f DEPTIM 
d e t e r m i n e s v^en the d e p l e t i o n i s to o c c u r : 0 means b e f o r e the s p a t i a l , 1 means 
a f t e r the s p a t i a l , and - 1 m e a n s . n o t to d e p l e t e . Th i s number Is o p t i o n a l and the 
d e f a u l t v a l u e i s 1 ( d e p l e t e a f t e r s p a t i a l ) . A l l I s o t o p l c i n t e g r a l e d i t i n g Is 

lll'ZTltd^ *^: l^np l rc^h :s :n?*i^Uo^*Scpi : fegrare l^ln iVl?1 S f T ^ e ! '^ (d'' 

NOTE 

If DEPTIM = 0 ( d e p l e t e b e f o r e s p a t i a l ) i s c h o s e n 
and T(0) i s not e q u a l to T(1) and POWER i s 
n o n - z e r o , an i n t e g r a t e d f l u x F i l e Manager input 
f i l e i s r e q u i r e d . 
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9.2. CONTROL INPUT PREPARATION: FILE MANAGER DATA 
This section describes card Input data which can be used to specify both 

the reading of input File Manager files and the writing of output File Manager 
files. Three levels of identification are associated with each File Manager 
input and output file: the integer VERSION number and alphanumeric SYNONYM of 
up to ten characters both supplied as input by the user, and an integer 
DATA TYPE number supplied by the program. Files created in different cases or 
sub-cases of the same Job are usually distinguished by version number aud files 
created in the same case or sub-case are distinguished by data type number. The 
synonym is simply a temporary identifier which stands 
Identifications required by the File Management system. for all other 

Not all of the card input data describing File Ifonager file Input is 
Included in this section. In particular, card input data Identifying the two 
and three dimensional pointwise flux files to be used as trial functions in a 
three dimensional synthesis problem are not included. That data is more 
properly included in the synthesis input description (see Section 14.1) since 
the File Manager identification of trial functions is closely associated with 
the synthesis problem description. 

Input File Manager Card Files 

CARDFILE Optional. 
(1) CASENO - case number In card file 
(2) VERSNO - version number of card file 
(3) SYNONM - synonym name of card file 
This card is used to designate that some or all of the input data cards for 

the current case are to be obtained from a File Ibnager input card file. The 
DATA TYPE for such card files is 21. The word CARDFILE is used in place of the 
usual card number. For example, to extract the sixth case from a File Manager 
input card file identified by version number 123 and synonym name DECK, * the 
following form could be used: 

CARDFILE 6 123 DECK 
These 

cards may not be continued but as many such cards may be present as are needed. 
Multiple CARDFILE cards do not replace each other as do card numbered cards but 
There may be leading, trailing, or embedded blanks in the word CARDFILE. 

jT not 
Multiple CARDFILiiii cards do not replace each o mer as do card numbered cards but 
simply add to each other, each card designating one case of data to be extracted 
from one File Manager input card file. The card files are accessed in 
of the CARDFILE cards identifying them and the resultant case d 
consists of the card file information (in order of access) followe 

for the current case of the Job. Thus, card data from Input 
can mo 
input. 

sed in i ne ora 
deck for the J 
wed by the ca 
later card fil 

the order 
ob 

ard 
es 

can modify card data from earlier card files and card input can modify card file 
CARDFILE cards must not be present In the Input card files. 

(1) CASENO 
CASENO Is the case number within the Identified File Manager card file 

which contains the card data to extract. Of course, the identified card file 
must contain at least CASENO cases of data. 

( 2 ) VERSNO 

VERSNO i s the v e r s i o n number o f the d e s i r e d F i l e Ifanager input 
T h i s v a l u e must be g r e a t e r t h a n z e r o and l e s s than 1000 . 

c a r d f i l e . 

( 3 ) SYNONM 

SYNONM Is the synonym name of the d e s i r e d F i l e Manager input c a r d f i l e . 
T h i s d a t a Item I s o p t i o n a l ; i f i t i s m i s s i n g o r i s a b l a n k v a l u e , the name 
CARDS i s u s e d . T h i s d a t a i s a l p h a n u m e r i c , c o n s i s t i n g o f from one to t e n 
c h a r a c t e r s . 
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Input File Manager Files 

01001s Optional. 
(1) VERSON - version number of an input file 
(2) SYNONY - synonym name of an Input file 
Each of these cards, for s-1,2, ... 

File Manager file for various types 
specified depends on the sequence number 
shown in parentheses): 

,7, can be used to designate an Input 
of data. The type of Input data file 
s as follows (File Manager DATA TYPE is 

= 1 means HARMONY cross sections (200), 
= 2 means pointwise flux (220), s 

s = 3 means isotopic concentrations (252), 
s = 4 means geometry (251), 
s = 5 means integrated flux (253), 
s = 6 means synthesis integral library (228), 
s = 7 means quadrilateral figures (256), 
s = 8 means (old) expansion geometry (251). 

(1) VERSON 
VERSON i s the v e r s i o n number of the F i l e Manager input f i l e . T h i s number 

must be a p o s i t i v e i n t e g e r l e s s than 1000 . As an e x c e p t i o n a l c a s e . If the 
v e r s i o n number i s - I (minus o n e ) , the program w i l l read a s the input f i l e t h a t 
F i l e Manager f i l e o f the same type w h i c h was o u t p u t in the p r e v i o u s c a s e o r 
s u b - c a s e ; the synonym, I f any . Is i g n o r e d . If VERSON = - 1 i n the f i r s t c a s e , 
the f i r s t c a s e o u t p u t f i l e v e r s i o n number l e s s one and the o u t p u t f i l e synonym 

:iTo oir T.tt i: : s i c i \ : ^ : ;sr*eyi:tu?irthi^inp:r{iTrisirnored.^'^^' Is 
( 2 ) SYNONY 

SYNONY i s the synonym name o f the F i l e Manager input f i l e . The synonym 
name i s o p t i o n a l ; If m i s s i n g , a d e f a u l t name i s s u p p l i e d d e p e n d i n g on the 
s e q u e n c e number s a s f o l l o w s ( F i l e Manager DATA TYPE I s shown i n p a r e n t h e s e s ) : 

s Value D e f a u l t Synonym Input F i l e I d e n t i f i e d 

1 2 3 4 5 6 7 8 

TABLESETS 
POINTFLUX 
CONCENTRAT 
GEOMETRY 
INTEGFLUX 
SYNTHLIB 
FIGURES 
GEOMETRY 

HARMONY t a b l e s e t s ( 2 0 0 ) 
p o i n t w i s e f l u x ( 2 2 0 ) 
c o n c e n t r a t i o n s ( 2 5 2 ) 
g e o m e t r y ( 2 5 1 ) 
i n t e g r a t e d f l u x ( 2 3 3 ) 
s y n t h e s i s i n t e g r a l s ( 2 2 8 ) 

g^irJiylo^rlcJife^traifJS) 
e x p a n s i o n ( 2 5 1 ) 

T h i s d a t a I s a l p h a n u n e r i c , c o n s i s t i n g of from one to t e n c h a r a c t e r s . 

Output F i l e Manager F i l e Synonyms 

010021 
(1) SYNOl 
(2) SYN02 
(3) SYN03 
(4) SYN04 
( 5 ) SYN05 

O p t l o n a l . 

- synonym name f o r p o i n t w i s e f l a x 
- synonym name f o r c o n c e n t r a t i o n s 
- synonym name f o r p a r t i t i o n power 
- synonym name f o r e d i t i n t e g r a l s 

synonym name f o r g e o m e t r y 
(* ) ^YN06 s ^ o n y » ^ a m e ^ o r > o s » h i o c k 4>ower 
( 7 ) SYH07 - synonym name f o r I n t e g r a t e d f l u x 
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(8) SYN08 - synonym name for synthesis mixing coeff. 
(9) SYN09 - synonym name for synthesis Integrals 

(10) SYNO10 - synonym name for fine block power 
(11) SYNOlI - synonym name for quadrilateral figures 
This card is used to supply synonym names for output File Manager files 

which may be written. The presence or absence of this card in no way Implies a 
request to write such output files. The position of the item on the card 
determines which output file Is being defined. The card is optional and from 
one to eleven output file synonym names may appear on the card. 

Default synonym names are supplied automatically for missing or b l a n k 
values as follows (File fbnager DATA TYPE Is shown in parentheses): 

Position Default Synonym Output File Identified 
pointwise flux (220) 
concentrations (252) 
partition power (222) 
edit integrals (224) 
geometry (251) 
gross block power (254) 
Integrated flux (253) 
synthesis mixing coeff. (229) 
synthesis integrals (228) 
fine block power (255) 
quadrilateral figures (256) 

This data Is alphanumeric, consisting of from one to ten characters. 

(1) POINTFLUX 
(2) CONCENTRAT 
(3) PARTPOWER 
(4) EDITINTEG 
(5) GEOMETRY 
(6) GROSSPOWER 
(7) INTEGFLUX 
(8) SYNTHMIX 
(9) SYNTHLIB 
(10) FINEPOWER 
( 11) FIGURES 

Output F i l e Manager F i l e Version Numbers 

010022 Optlonal. 
(1) VERSl - version number for p o i n t w i s e f l u x 
(2) VERS2 - version number for c o n c e n t r a t i o n s 
(3) VERS3 - version number for p a r t i t i o n power 
(4) VEBS4 - version number for e d i t i n t e g r a l s 
(5) VERS5 - versIon number for g e o m e t r y 
(6) VERS6 - version number for g r o s s b l o c k power 
(7) VERS7 - version number for i n t e g r a t e d f l u x 

;s; ??!? : v^rsî s i^ti it: i^iiiii: Tifis^air". 
!}?J ? iS l l? : ZllllZ l ^ l l ':: Uadr^ lr tJrHl igures 

This card i s used to indicate a request for F i l e Manager output f i l e s to be 

n U s ' i ; eSct i r1h i%aSr:rdir": i Tol carr01oJ2r o^Lt" i : ! " l L i"Jost Jlo^ '^f 
L^.o4:^^F!irMana%e*XTr^Ed tr:S^r IntarLthe*^T:)f^^^ " '^^^^ ^^'^"^^ '"" 

P o s i t i o n Output F i l e Ident i f i ed 

(1) pointwise f lux (220) 
(2) concentrat ions (252) 
(3) p a r t i t i o n power (222) 
(4) e d i t i n t e g r a l s (224) 
(5) geometry (251) 
(6) gross block power (254) 
(7) integrated f lux (253) 

Each Indicator i s an integer wi th value zero (no) or non-zero (yes ) i n d i c a t i n g 



PDQ-8 REFERENCE MANUAL 9 . 2 ( 5 / 7 8 ) Page 4 
9 . CONTROL INPUT PREPARATION 2 . FILE MANAGER DATA 

whether or not to w r i t e t h a t p a r t i c u l a r f i l e . The n o n - z e r o v a l u e s are e a c h a 
p o s i t i v e i n t e g e r l e s s than 1000, and e a c h s p e c i f i e s the v e r s i o n number of t h a t 
f i l e to be w r i t t e n . If t h i s c a r d i s m i s s i n g in the f i r s t c a s e , z e r o ( n o t h i n g to 
be s a v e d ) i s assumed f o r e a c h v a l u e . Each m i s s i n g v a l u e i s l i k e w i s e assumed to 
be z e r o . If t h i s c a r d i s p r e s e n t in any c a s e , s u c c e e d i n g c a s e s w i l l 
a u t o m a t i c a l l y i n c r e a s e the n o n - z e r o v e r s i o n numbers from the p r e c e d i n g c a s e by 
one i f the card i s not r e - s u p p l i e d to o v e r r i d e s u c h an i n c r e m e n t i n g p r o c e s s . 
The i n t e n t of t h i s i n c r e m e n t i n g i s to p r o v i d e an e a s y method to s a v e f i l e s 
i d e n t i f i e d by a common synonym name and c o n s e c u t i v e v e r s i o n numbers i n a 
m u l t i - c a s e prob lem. 
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10.1. GEOMETRY INPUT PREPARATION: RECTANGULAR GEOMETRY DATA 
This section describes the data used for the transverse planar mesh 

description in rectangular geometry. A description of the method of 
construction and terminology used can be found in Chapter 3. 

Data used in the rectangular geometry construction process Is described via 
card input. If the same geometry is to be used in several problems, the 
complete geometric description which is constructed may be saved in an output 
File Manager geometry file. This File Ifonager geometry file may then be input 
to succeeding problems eliminating the need for repeatedly constructing the 
geometry. It should be noted that an input File Manager geometry file contains 
a complete geometric description, and only the material assignments (composition 
correspondences) may be changed in a problem which uses the file. (Geometry 
cards may or may not be present when a File Manager geometry file is input; if 
present, they will be deleted by the program. 

The card series used to define a transverse rectangular geometry mesh are 
as folllws: 

05XXXS Planar mesh interval data 
150SSS Fine block planar region data 
8BBBAS Basic and auxiliary figure data 
7BBBAS Channel/track data 
9BBBAS Super figure data 
170SSS Final figure data 
160SSS Channel bias data 

Some of these card series have subseries numbers (XXX or BBBA) whose meanings 
will be explained below. All of the card series having sequence numbers (S or 
SSS) must begin with 1 and be used sequentially. 

Additional geometry data necessary for the axial description of the grid in 
3-D problems can be found in Section 10.4. The fine block planar region data, 
channel/track data, and channel bias data are used only in problems which are 
fine blocked. If these cards are present In a problem which is not fine 
blocked, they will be checked by. the program but will not be used. 

MESH INTERVAL DATA 

P l a n a r mesh I n t e r v a l d a t a Is s p e c i f i e d In e x p a n s i o n format , e a c h s e t 
c o n s i s t i n g o f a f l o a t i n g p o i n t i n t e r v a l v a l u e f o l l o w e d by a p o i n t number. The 
s e r i e s number i s 05 and any of the t h r e e - d i g i t s u b s e r i e s 0 0 1 - 9 9 9 may be u s e d . 
Each s u c h s u b s e r i e s s p e c i f i e s a s e q u e n c e o f i n t e r v a l s e x t e n d i n g from p o i n t 0 to 
a n a r b i t r a r y t e r m i n a t i o n p o i n t . The d a t a might c o n s i s t of the f o l l o w i n g c a r d s , 
f o r e x a m p l e , d e f i n i n g mesh s u b s e r i e s 3 , 17, and 2 5 6 : 

0 5 0 0 3 1 , 1+1, 1. 5 + 1 , 2 

0 5 0 1 7 1 , 2 + 1 , 2 , 3 + 1 , 3 , 1+1, 5 

0 5 2 5 6 1 , 4 + 1 , 1 

The mesh s e q u e n c e s d e s c r i b e d on t h i s s e r i e s w i l l be used to d e f i n e the row and 
column mesh s p a c i n g s i n b a s i c f i g u r e s . 

FINE BLOCK PLANAR REGION DATA 

In f i n e b l o c k e d problems the s e t o f p l a n a r r e g i o n s w h i c h a r e to be f i n e 
b l o c k e d i s input on the 150 s e r i e s . Card 150000 i s the d e f a u l t i n d i c a t o r f o r 
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The cards 150001-150999 contain a list of planar region numbers: 
R(l), +-R(2), +-R(3), ... , +-R(N) 

with the form R( I ) , -R(i+1) meaning a l l of the planar reg ions from R(1) through 

A control card i s required for each basic f i gure . This card contains the 
column boundary, the row boundary, a s e t of column Interval subser i e s numbers, a 
zero separator , and a s e t of row in terva l s u b s e r i e s numbers. The s e r i e s number 
for th i s bas ic f igure contro l card i s 8, the s u b s e r i e s number i s the t h r e e - d i g i t 
bas ic f igure number BBB followed by a zero , and the sequence number i s 0. The 
control card for bas ic f igure 7 might be: 

800700, 6, 9 , - 1 7 , 256, 0 , 3 , 17, 3 

where the interval subseries numbers refer to those given in the examples on the 
05 series above. This basic figure has a column boundary of 6 and a row 
boundary of 9, the column Intervals consist of subseries 17 (reversed because it 
is specified as negative) followed by subseries 256. The row Intervals consist 
of those In subseries 3 followed by those in subseries 17 followed by those in 
subseries 3. Thus the column intervals are equivalent to a single subseries of 
the form 

1+1, 2, 3+1, 3, 2+1, 5, 4+1, 6 
and the row Interva l s are equiva lent to a s i n g l e s u b s e r i e s of the form 

1+1, 1, 5+1, 2 , 2+1, 4 , 3+1, 5 , 1+1, 8, 5+1, 9 

The advantage of us ing mult ip le s u b s e r i e s i s that repeat ing sequences of 
Intervals need be s p e c i f i e d only once. Note that the number of meshes ass igned 
by the column s u b s e r i e s must be e x a c t l y equal to the column boundary of the 
bas ic fIgure , and s i m i l a r l y the number of row i n t e r v a l s must be row boundary. 
Note a l s o that the column and row boundaries may be as small as 1 and as large 
as des i red . 

Planar reg ion over lay data for the bas ic f igure c o n s i s t s of five-word s e t s : 
(1) planar reg ion number; (2) l e f t column; (3) r i g h t colunn; (4) top row; 
and (5) bottom row. 

The column and row numbers must def ine a nondegenerate rec tangle which does 
not extend outs ide the bas ic f igure boundaries. The s e r i e s number for th i s data 

In f ine blocked problems a method e x i s t s to p a r t i a l l y f ine block a planar 

otfr^^y seJ! t L n ^ l f t^p?l:arreg!:rw:s"^rbe%tSri!o:Ll"(?rrmp'tSer "JIlIsS 
s e r i e s ) It w i l l not be f ine blocked for the mesh elements in t h i s over lay s e t 

The complete s e t of card numbers used to def ine bas ic f igure 16 and i t s two 
a u x i l i a r y f igures might be: 

Note that bas ic f igure must be numbered s e q u e n t i a l l y from 1, and for each bas ic 
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figure the auxiliary figures (If any) must also be numbered sequentially from 1. 
It Is not necessary, however, that every basic figure and auxiliary figure 
defined actually be used in the final figure overlay. 

CHANNEL/TRACK DATA 

In a fine blocked problem, each mesh element In a basic figure (and 
auxiliary figure) Is assigned a channel and a track identifier through the data 
on the 7 series. Channel/track data serves to label the mesh elements and 
delineate the columns and rows of the Initial figure which are channel and track 
boundaries. Normally channels are bounded by columns in the basic f igtire and 
tracks are bounded by rows. That Is, all mesh elements between two consecutive 
columns In an Initial figure would have the same channel number and all mesh 
elements between two consecutive rows would have the same track number. This 
convention may be reversed for any basic figure as described below. 

Card 700000 (which is optional) may be used to default the channel/track 
data in any initial figure for which no explicit channel/track Input is present. 
There may be a single Item on this card, either zero or one. If zero, the 
entire initial figure mesh Is assigned a channel number of 1 and a track number 
of 1; if one, channel numbers 1,2,3,... and track numbers 1,2,3,... are 
assigned to the initial figure and each mesh line is made a channel/track 
boundary. If this card is missing, zero is assumed. 

The convention to assign channel numbers to columns and track numbers to 
rows may be reversed for a basic figure and all of Its auxiliary figures by use 
of the optional card 7BBB00. The single item on this card may be zero or one. 
If zero, the labels are as normally assigrned; If one, the labels are reversed 
(i.e., channels are assigned to rows and tracks to columns). If this card is 
missing, zero is assumed. 

The default channel/track data (defined by card 700000) is assigned to the 
basic figure (auxiliary figure 0) except for any modifications specified by 
cards 7BBB01 - 7BBB09. For all auxiliary figures 1 through 9, the channel track 
data for the basic figure (auxiliary figure 0) is assigned except for any 
modifications specified by cards 7BBBA1 - 7BBBA9, A=l,2,...9. 

The form of the data on cards 7BBBA1 - 7BBBA9 is: 
C(0), +-Ch(l), C(l), +-Ch(2) +-Ch(N), C(N), 0, 
R(0), +-1Xl), R(l), +-Tr(2) +-Tr(M), R(M) 

where the C( 1) < C(l+I) are coltunn numbers, the Ch( I) are the column labe l s 
( u s u a l l y channe l s ) , the R(i ) < R(l+1) are row numbers, and the Tr(1) are the row 
l a b e l s ( n s u a l l y t r a c k s ) . Al l of the Ch( 1) and 1V( 1) which are to be ass lgned 
most be Integers greater than z e r o . If -Ch(1) i s s p e c i f i e d , the mesh elements 
bounded by columns C ( i - l ) , C ( i - 1 ) + 1 , C ( l - l ) + 2 , . . . , C(1) are labe l l ed Ch(t ) , 
Ch(i) + 1, Ch(i)+2 S i m i l a r l y , i f - T r ( i ) Is s p e c i f i e d , the mesh elements 
bounded by rows R( I - 1 ) , H( l -1) + 1, R ( l - l ) + 2 R( 1) are l abe l l ed Tr( 1) , 
Tr ( i ) + 1, Tr ( l )+2 If +Ch( I) i s s p e c i f i e d , a l l o f the mesh e lements 
bounded by columns C( i -1) to C(1) are labe l l ed C h d ) ; i f +Tr( 1) i s s p e c i f i e d , 
a l l of the mesh elements bounded by rows R( 1-1) to R( 1) are labe l l ed T r ( l ) . 

The s p e c i f i c a t i o n : 

0 , 0 , R(0) , + - T r ( I ) , R ( l ) , + -Tr(2) , . . . , + - lVd©, R(M) 

w i l l serve to label on ly the rows of an i n i t i a l f igure while the s p e c i f i c a t i o n : 

C(0) . C h ( l ) , G ( l ) , Ch(2) Gh(N), C(N) 

w i l l serve to Ident i fy only columns. In any case , the defaul t values prev ious ly 
descr ibed w i l l be used for any non-spec i f i ed l a b e l s . 

As an example of the use of t h i s s e r i e s , the card 

7 0 0 7 0 1 ^ 0 , 100, 2 ^ - 3 0 0 , 5 , 6 0 0 , 6, 0 , O , - 3 , 9 
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a s s i g n s the f o l l o w i n g c h a n n e l / t r a c k d a t a to b a s i c f i g u r e 7: c h a n n e l 100 b e t w e e n 
columns 0 and 2 ; c h a n n e l 5 0 0 b e t w e e n co lumns 2 and 3 ; c h a n n e l 501 b e t w e e n 
columns 3 and 4 ; c h a n n e l 5 0 2 b e t w e e n co lumns 4 and 5 ; and c h a n n e l 6 0 0 b e t w e e n 

roi:TaLr, Ind ini-ror.s-'T'tZii Tnrx'.i]''' ŝ r̂"'̂ ^ '-"̂ ^ t-k 3 '^t-'' 

SUPER FIGURE DATA 

A c o n t r o l c a r d Is r e q u i r e d f o r e a c h s u p e r f i g u r e c o n t a i n i n g i t s column 
boundary and row boundary . The s e r i e s number f o r t h i s s u p e r f i g u r e c o n t r o l card 
I s 9 , the s u b s e r i e s number i s the t h r e e - d i g i t s u p e r f i g u r e number f o l l o w e d by a 
z e r o , and the s e q u e n c e number i s 0 . 

Super f i g u r e o v e r l a y d a t a c o n s i s t s o f f i v e - w o r d s e t s : ( 1 ) i n i t i a l f i g u r e 
number; ( 2 ) co lumn a t wh ich to p o s i t i o n i n i t i a l f i g u r e ; ( 3 ) row a t w h i c h to 
p o s i t i o n i n i t i a l f i g u r e ; ( 4 ) r o t a t i o n i n d i c a t o r ; and ( 5 ) r e f l e c t i o n i n d i c a t o r . 

The I n i t i a l f i g u r e number must be b e t w e e n 10 and 9999 and i n d i c a t e s the 
p a r t i c u l a r b a s i c f i g u r e or a u x i l i a r y f i g u r e b e i n g o v e r l a i d on the s u p e r f i g u r e . 
Note t h a t s u p e r f i g u r e s may n o t be o v e r l a i d on o t h e r s u p e r f i g u r e s . The column 

TSr^Sr ^iii^e! i^rmusiM: s:twi:fra^di!^*^eV-e^v:cii:ri:iira;ir^i^ i 
w i t h i r J i r l r ^ m e o P ' r e f e r f n c e ^ l f ^ l h i ^ I u p ^ r - f i g u r e . ^ ' ^ e ^ J l r i e ^ ' n u ^ b l r ^fole^lLTs 
d a t a i s 9 . and the s u b s e r i e s number i s the i n i t i a l s u p e r f i g u r e number w h i c h 
c o n s i s t s o f a t h r e e - d i g i t s u p e r f i g u r e number f o l l o w e d by a o n e - d i g i t a u x i l i a r y 
s u p e r f i g u r e number. The a d d i t i o n a l o v e r l a y s e t s f o r e a c h a u x i l i a r y s u p e r 
f M. 2^ IAX^ W D H J U X f y %y EX l y t JLU^ E3P e \^ M. 13 11 2L i l X c l M y f X ^j^ iXx^ w -̂F . 

The c o m p l e t e s e t o f card numbers f o r s u p e r f i g u r e 2 4 might b e : 

l|f,? ::SJ ni": t^^l ^ 
HE i H S i x - L i r L f.„.a„il..„ fî e 
9 0 2 4 1 2 a d d i t i o n a l o v e r l a y s e t s f o r f i r s t a u x i l i a r y f i g u r e 
902421 a d d i t i o n a l o v e r l a y s e t s f o r s e c o n d a u x i l i a r y f i g u r e 

Note t h a t s u p e r f i g u r e s must be numbered s e q u e n t i a l l y from 1 and , f o r e a c h s u p e r 
f i g u r e , the a u x i l i a r y s u p e r f i g u r e s ( I f any) must be numbered s e q u e n t i a l l y from 
1. I t Is not n e c e s s a r y t h a t e v e r y s u p e r f i g u r e and a u x i l i a r y s u p e r f i g u r e 
d e f i n e d a c t u a l l y be u s e d In the f i n a l f i g u r e o v e r l a y . 

FINAL FIGURE OVERLAY DATA 

F i n a l f i g u r e o v e r l a y d a t a i s s p e c i f i e d u s i n g card s e r i e s number 17 . The 
d a t a c o n s i s t s o f s i x - w o r d f i n a l f i g u r e o v e r l a y s e t s , e a c h c o n s i s t i n g o f the 
f o l l o w i n g i n f o r m a t i o n : ( 1 ) f i n a l f i g u r e number; ( 2 ) i n i t i a l f i g u r e number (+) 
or i n i t i a l s u p e r f i g u r e number ( - ) ; ( 3 ) column a t wh ich to p o s i t i o n i n i t i a l 
f i g u r e ; ( 4 ) row a t w h i c h to p o s i t i o n i n i t i a l f i g u r e ; ( 5 ) r o t a t i o n I n d i c a t o r ; 
and ( 6 ) r e f l e c t i o n i n d i c a t o r . 

The f i n a l f i g u r e number may have a n y v a l u e b e t w e e n 1 and 9 9 9 c o n s i s t e n t 
w i t h the maximum f i n a l f i g u r e s p e c i f i e d In the c o n t r o l Input ( s e e S e c t i o n 9 . 1 ) . 
The s e c o n d number in a s i x - w o r d s e t i s the I n i t i a l f i g u r e number or I n i t i a l 
s u p e r f i g u r e number which i s to be o v e r l a i d on the r e g i o n o f s o l u t i o n . If the 
number i s p o s i t i v e , an i n i t i a l f i g u r e i s i n d i c a t e d ; If the number I s n e g a t i v e , 
an i n i t i a l s u p e r f i g u r e Is I n d i c a t e d . In e i t h e r c a s e the a b s o l u t e v a l u e o f the 
number must be b e t w e e n 10 and 9 9 9 9 . The column and row i n d i c a t e the p o i n t In 
the r e g i o n o f s o l u t i o n w h i c h I s to be o v e r l a i d by the o r i g i n o f the i n i t i a l 

\Lfi\l\ flTurr^rMn^t^^fsup^r ItnTJVspll li c^L- lXrsrot l^^d^Nhf^^^at l^n 

file:///Lfi/l/
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number must be b e t w e e n 0 and 3 . The r e f l e c t i o n i n d i c a t o r i s 1 for r e f l e c t i o n 
and 0 f o r no r e f l e c t i o n . . Note t h a t more than one f i n a l f i g u r e o v e r l a y s e t 
s e x t u p l e t may be p r e s e n t on a n y c a r d i n t h i s s e r i e s . Cards In t h i s s e r i e s must 
be s e q u e n t i a l . 

As an e x a m p l e , the card 

1 7 0 0 0 1 , 3 , 5 2 , 5 . 12 , 3 , I 

would a s s i g n f i n a l f i g u r e number 3 to a u x i l i a r y f i g u r e 2 o f b a s i c f i g u r e 5 , 
p o s i t i o n I t s o r i g i n a t column 5 , row 12 in the r e g i o n of s o l u t i o n , r o t a t e the 
f i g u r e 3 t i m e s 9 0 d e g r e e s ( 2 7 0 d e g r e e s ) c l o c k w i s e , and r e f l e c t the f i g u r e . If 
the card were i n s t e a d 

1 7 0 0 0 1 , 3 , - 5 2 , 5 , 12, 3 , 1 

the i n f o r m a t i o n would be I d e n t i c a l e x c e p t t h a t a u x i l i a r y s u p e r f i g u r e 2 o f s u p e r 
f i g u r e 5 would be u s e d . 

C^NEL;;BIIi~DATA 

For problems which are f ine blocked, the channel bias data is Input on the 
16 s e r i e s . The data c o n s i s t s of one channel b ia s number for each f i n a l f igure 
o v e r l a y s e t on cards 170001 - 170999. The n - th data item on these cards i s 
added to a l l channel numbers s p e c i f i e d for the i n i t i a l f igure In the n - th 

^xa*?n^\h : c^aie 'l^lr-olTtl. itISs"%f th^rraJe ,s iLSpletr^fTL l '^ni^u^: 
over lay data. 

If the channel b ias data Is miss ing, the b ias for each f i n a l f igure over lay 
s e t i s determined by the contents of card 160000. This card, which i s o p t i o n a l , 
may conta in one item, e i t h e r zero or one. If zero , each f i n a l f igure over lay 
s e t i s ass igned a channel bia^ of zero; if one, the channel b iases are O. C, 

c'',is'';h;..«aximumec^nnernuii:f ilTAAtrVoroZy'^liTill figure! l i f* th i s 'c lrd 
Is miss ing , zero i s assumed. 
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The fo l lowing Is a tabu la t ion of the cards used to descr ibe a 
greometry: 

esxxxi - esxfflw 

rectangular 

Mesh Intervals for s u b s e r i e s XXX in expansion format. Data c o n s i s t s of an 
arb i t rary number of s e t s . Each s e t i s a pa ir c o n s i s t i n g of a f l o a t i n g - p o i n t 
mesh interval value fol lowed by an integer point number. Point numbers must be 
in s t r i c t l y Increasing order. The mesh s u b s e r i e s number XXX may range from 001 
to 999 and need not be s e q u e n t i a l . 

isoe00 
In f ine blocked problems, the defaul t indicator for s p e c i f i c a t i o n of f ine 

blocked planar r e g i o n s . The card conta ins a s i n g l e item*. 
0 Implies planar reg ions s p e c i f i e d on cards 150001-150999 are to be f ine 

blocked (assumed i f card i s m i s s i n g ) ; 
1 implies a l l planar reg ions except those s p e c i f i e d on cards 150001-130999 

are to be f ine blocked. 

150001 - 150999 
L i s t of planar reg ions to be f ine blocked i f the item on card 150000 i s 0 

R( l > , +-R(2) , +-R(3), . .. « +-R(N) 
with the form R(I), -R( I+l) meaning all of the planar regions from R(I) through 
R(I+1). 

8BBB0O 
(1) COLUMN BOUNDARY of the basic figure. 
(2) ROW BOUNDARY of the basic figure. 

(3)-(N> Mesh subseries number for COLUMN INTERVALS. 
(N+1) O (separator beti«een column and row Intervals) 

(NH-2)-(M) Mesh subseries numbers for BOW INTERVALS. 
Control card for basic figure BBB. The value of BBB may range from 001 to 

999, and must be sequential. The mesh subseries for the columns and rows are 
those defined by the 05XX}S series. The total number of mesh spacinrs assigned 
to the columns by the set of column subseries numbers must be exactly the column 
boundary of the basic figure. Exactly row boundary Intervals must be assigned 
to the rows. 

8BBB01 - 8BBB09 
Planar reg ion o v e r l a y s e t s for bas ic f igure BBB. Each over lay s e t 

(quintuple t ) i s of the form: 

(1) PLANAR REGION number 
(2) LEFT column 
(3) RIGHT column 
(4) TOP row 
(5) BOTTOM row 

Each card may conta in any number of over lay s e t s ( q u i n t u p l e t s ) . Overlay 
s e t s w i l l be used in the order In which they appear on the cards . The l e f t and 
r ight columns and top and bottom rows nmst def ine a nondegenerate rec tang le 
within the bas ic f i g u r e . 
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8BBBA1 - 8BBBA9 
Planar region overlay for auxiliary figure A of basic figure BBB. Format 

of the data on these cards (quintuplets) is exactly the same as the 8BBB01 -
8BBB09 cards. For a given basic figure there may be up to 9 auxiliary figures 
and they must be numbered sequentla1ly. Overlay sets for any auxiliary figure 
modify only those of the parent basic figure. 

700000 
In fine blocked problems, the default indicator for assignment of 

channel/'track identifiers to basic figures. This card contains a single item: 
0 implies each mesh element in the basic figure is given channel number 1 and 

track number 1 (assumed if card Is missing); 
1 implies channel numbers 1,2,3,... and track numbers 1,2,3,.,. are 
assigned to the basic figure and each mesh line is a channel/track 
boundary. 

7BBB00 
In a f ine blocked problem, de f ines the convention used for l a b e l l i n g 

columns and rows of bas ic f igure BBB. This card contains a s i n g l e item: 
0 implies channels are de l imi ted by columns, tracks by rows (assumed i f card 

i s mi s s ing ) ] 
1 i m p l i e s t r a c k s are d e l i m i t e d b y c o l u m n s , c h a n n e l s by r o w s . 

7BBB01 - 7BBB09 

BBB. 
M o o d f i c a t i o n s to the d e f a u l t c h a n n e l / t r a c k 

The form of the d a t a i s : 
i d e n t i f i e r s f o r b a s i c f i g u r e 

C ( 0 ) , + - C h ( l ) , C ( l ) , + - C h ( 2 ) , . . . . + -Ch(N) , C ( N ) , 0 , 
R ( 0 ) , + - T r ( l ) , R ( l ) . + - T r ( 2 ) + -Tr(M) , R(M) 

where: C( i) < C(i-tl) are column numbers. 
R( 1) < R( i+1) are row numbers. 
Ch( 1) > 0 are column identifiers (usually channels). 
T^(1) > 0 are row identifiers (usually tracks). 

For Ch(1) and Tr( 1), + indicates a single identifier for all columns or rows, 
indicates sequential identifiers. 

7BBBAi - 7BBBA9 
Channel/track 

the data on thes 
Channel/track data for auxiliary figures modify only that of the basic figure. 

data for auxiliary figure A of basic figure BBB. Format of 
e cards is exactly the same as on the 7BBB01 ~ 7BBB09 cards. 

9BBBO0 
(1) COLUMN BOUNDARY of the super figure. 
(2) ROW BOUNDARY of the super figure. 

Control card for super figure BBB. 
and must be sequential. 

Value of BBB may range from to 999 1 
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9BBB01 - 9BBB09 
Super figure overlay sets for super figure BBB. 

quintuplet of the form: 
Each overlay set is 

(1) INITIAL FIGURE number. 
(2) COLUMN at which to position initial figure origin. 
(3) ROW at which to position initial figure origin. 
(4) ROTATION indicator. 
(5) REFLECTION indicator. 

E^ch card may contain any number of overlay sets (quintuplets). Only basic 
and auxiliary figures may be used (not other super figures). Rotation indicator 
is 0, 1, 2, or 3 for 0, 90, 180, or 270 degrees. Reflection indicator is (0/1) 
for (no/yes). 

9BBBA1 9BBBA9 
Super figure overlay sets for auxiliary super figure A of super figure BBB. 

Format of the data on these cards (quintuplets) is exactly the same as the 
9BBB01 - 9BBB09 cards. For a given super figure there may be up to 9 auxiliary 
super figures and they must be numbered sequentially. Overlay sets for any 
auxiliary super figure modify only those of the parent super figure. 

170001 170999 
Final figure overlay sets. Each overlay set is a sextuplet of the form: 

(1) FINAL FIGURE number. 
(2) INITIAL FIGURE (+) or INITIAL SUPER FIGURE (-) 
(3) COLUMN at which to position initial figure origin. 
(4) ROW at which to position initial figure origin. 
(5) ROTATION indicator. 
(6) REFLECTION indicator. 

Each card may contain any number of final figure overlay sets (sextuplets). 
Overlay sets will be used in the order in which they appear on these cards. A 
positive initial figure number indicates a basic or auxiliary figure vdiile a 
negative initial figure number refers to an initial super f igrure. Rotation 
indicator is 0, 1, 2, or 3 for 0, 90, 180, or 270 degrees. Reflection indicator 
is (0/1) for (no/yes). 

160000 
In problems which a r e f ine b locked , the d e f a u l t i n d i c a t o r for channe l b i a s 

data. The ca rd c o n t a i n s a s i n g l e i tem: 
0 impl ies each f i n a l f i g u r e o v e r l a y s e t i s a s s igned a channel b i a s of 0 

(assumed if t h i s card i s m i s s i n g ) ; 
1 impl ies e a c h s u c c e s s i v e f i n a l f i g u r e o v e r l a y s e t i s a s s igned a channel b i a s 

of 0 , C, 2C, 3C| . . . where C i s the maximum channel number s p e c i f i e d for 
any i n i t i a l f i g u r e . 

160001 - 160999 

In problems which a r e f i ne b locked , channe l b i a s numbers. There must be 
one channel b ias va lue for each f i n a l f i g u r e o v e r l a y s e t ( s e x t u p l e t ) on the 
170001 - 170999 cards . 

a 
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T h i s s e c t i o n d e s c r i b e s the d a t a u s e d f o r the t r a n s v e r s e p l a n a r mesh 
d e s c r i p t i o n in h e x a g o n a l g e o m e t r y . A d e s c r i p t i o n of the method o f c o n s t r u c t i o n 
and t e r m i n o l o g y used can be found in Chapter 3 . 

Data used i n the h e x a g o n a l g e o m e t r y c o n s t r u c t i o n p r o c e s s i s d e s c r i b e d v i a 
card i n p u t . If the same g e o m e t r y i s to be used i n s e v e r a l p r o b l e m s , the 
c o m p l e t e g e o m e t r i c d e s c r i p t i o n which i s c o n s t r u c t e d may be saved i n an o u t p u t 
F i l e Manager g e o m e t r y f i l e . T h i s F i l e Manager g e o m e t r y f i l e may t h e n be input 
to s u c c e e d i n g prob lems e l i m i n a t i n g the need f o r r e p e a t e d l y c o n s t r u c t i n g the 
g e o m e t r y . I t s h o u l d be n o t e d t h a t an input F i l e Manager g e o m e t r y f i l e c o n t a i n s 
a c o m p l e t e g e o m e t r i c d e s c r i p t i o n , and o n l y the m a t e r i a l a s s i g n m e n t s ( c o m p o o s t i o n 
c o r r e s p o n d e n c e s ) may be changed i n a problem which u s e s t h i s f i l e . Geometry 
c a r d s may or may n o t be p r e s e n t when a F i l e Manager g e o m e t r y f i l e i s i n p u t ; i f 
p r e s e n t , t h e y w i l l be d e l e t e d b y the program. 

The card s e r i e s used to d e f i n e a t r a n s v e r s e h e x a g o n a l g e o m e t r y mesh are a s 
f o 1 l o w s : 

05XXXS P l a n a r mesh i n t e r v a l d a t a 
150SSS F i n e b l o c k p l a n a r r e g i o n d a t a 
8BBBAS B a s i c and a u x i l i a r y f i g u r e d a t a 
7BBBAS C h a n n e l / t r a c k d a t a 
9BBBAS Super f i g u r e d a t a 
170SSS F i n a l f i g u r e d a t a 
160SSS Channel b i a s d a t a 

Some of t h e s e card s e r i e s have s u b s e r i e s numbers (XXX or BBBA) whose meanings 
w i l l be e x p l a i n e d b e l o w . A l l o f the c a r d s e r i e s h a v i n g s e q u e n c e numbers ( S or 
SSS) must b e g i n w i t h 1 and be used s e q u e n t i a l l y . 

A d d i t i o n a l g e o m e t r y d a t a n e c e s s a r y f o r the a x i a l d e s c r i p t i o n o f the g r i d i n 
3-D problems c a n be found i n S e c t i o n 1 0 . 4 . The f i n e b l o c k p l a n a r r e g i o n d a t a , 
c h a n n e l / t r a c k d a t a , and c h a n n e l b i a s d a t a are used o n l y i n problems which a r e 
f i n e b l o c k e d . If t h e s e c a r d s a r e p r e s e n t i n a problem which i s not f i n e 
b l o c k e d ) t h e y w i l l be c h e c k e d by the program but w i l l not be u s e d . 

MESH INTERVAL DATA 

P l a n a r mesh i n t e r v a l d a t a i s s p e c i f i e d i n e x p a n s i o n format , e a c h s e t 
c o n s i s t i n g o f a f l o a t i n g p o i n t i n t e r v a l v a l u e f o l l o w e d b y a p o i n t number. The 
s e r i e s number Is 05 and a n y o f the t h r e e - d i g i t s u b s e r i e s 0 0 1 - 9 9 9 may be u s e d . 
Each s u c h s u b s e r i e s s p e c i f i e s a s e q u e n c e o f i n t e r v a l s e x t e n d i n g from p o i n t 0 to 
an a r b i t r a r y t e r m i n a t i o n p o i n t . The d a t a might c o n s i s t o f the f o l l o w i n g c a r d s , 
for e x a m p l e , d e f i n i n g mesh s u b s e r i e s 3 , 17, and 2 5 6 : 

0 5 0 0 3 1 , 1+1, 1, 5 + 1 , 2 

0 5 0 1 7 1 , 2 + 1 , 2 , 3 + 1 , 3 , 1+1, 5 

0 5 2 5 6 1 , 4 + 1 , 1 

The mesh s e q u e n c e s d e s c r i b e d on t h i s s e r i e s w i l l be u s e d to d e f i n e the row and 
column mesh s p a c i n g s in b a s i c f i g u r e s . 

FINE BLOCK PLANAR REGION DATA 

In f i n e b l o c k e d problems the s e t o f p l a n a r r e g i o n s which a r e to be f i n e 
b l o c k e d i s Input o n the 150 s e r i e s . Card 150000 i s the d e f a u l t i n d i c a t o r f o r 
t h i s s e r i e s . T h l s card c o n t a i n s a s i n g l e I n t e g e r i t e m , z e r o or o n e . I f z e r o , 
t h e n c a r d s 1 5 0 0 0 1 - 1 5 0 9 9 9 c o n t a i n the p l a n a r r e g i o n s to be f i n e b l o c k e d ; i f o n e , 
t h e n a l l p l a n a r r e g i o n s e x c e p t t h o s e on c a r d s 150001-150999 are to be f l u e 
b j q c k e d . I f t h i s c a r d i s not p r e s e n t , z e r o i s assumed. 
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The cards 150001-150999 contain a list of planar region numbers: 
R(i), +-R(2), +-R(3) +-R(H) 

w i t h the form R(1) , - R ( i + 1 ) meaning a l l of the p l a n a r r e g i o n s from R( 1) t h r o u g h 
R ( i + 1 ) . 

BASIC FIGURE DATA 

A c o n t r o l card i s r e q u i r e d f o r e a c h b a s i c f i g u r e . T h i s c a r d c o n t a i n s the 
column boundary , the row boundary , a s e t o f column i n t e r v a l s u b s e r i e s numbers, a 
z e r o s e p a r a t o r , and a s e t o f row i n t e r v a l s u b s e r i e s numbers . The s e r i e s number 
f o r t h i s b a s i c f i g u r e c o n t r o l c a r d i s 8 , the s u b s e r i e s number i s the t h r e e - d i g i t 
b a s i c f i g u r e number BBB f o l l o w e d b y a z e r o , and the s e q u e n c e number i s 0 . The 
c o n t r o l card f o r b a s i c f i g u r e 7 might b e : 

8 0 0 7 0 0 . 6 , 9 . - 1 7 , 2 5 6 . 0 . 3 . 17. 3 

vdiere the i n t e r v a l s u b s e r i e s numbers r e f e r to t h o s e g i v e n i n the e x a m p l e s on the 
05 s e r i e s a b o v e . Note t h a t the mesh i n t e r v a l s b e i n g s p e c i f i e d are measured 
a l o n g the 6 0 - d e g r e e a x e s o f the b a s i c f i g u r e . T h i s b a s i c f i g u r e has a column 
boundary o f 6 and a row boundary o f 9 , the column i n t e r v a l s c o n s i s t o f s u b s e r i e s 
17 ( r e v e r s e d b e c a u s e i t i s s p e c i f i e d a s n e g a t i v e ) f o l l o w e d b y s u b s e r i e s 2 5 6 . 
The row i n t e r v a l s c o n s i s t o f t h o s e In s u b s e r i e s 3 f o l l o w e d b y t h o s e i n s u b s e r i e s 
17 f o l l o w e d b y t h o s e i n s u b s e r i e s 3 . Thus the column i n t e r v a l s a r e e q u i v a l e n t 
to a s i n g l e s u b s e r i e s o f the form 

1+1, 2 , 3 + 1 , 3 , 2 + 1 , 5 , 4 + 1 , 6 

and the row I n t e r v a l s ar^ e q u i v a l e n t to a s i n g l e s u b s e r i e s o f the form 

1+1, 1, 5 + 1 . 2 . 2 + 1 . 4 , 3 + 1 . 5 . 1+1, 8 , 5 + 1 , 9 

The advantage of using multiple subseries is that repeating sequences of 
intervals need be specified only once. Note that the number of meshes assigned 
by the column subseries must be exactly equal to the column boundary of the 
basic figure, and similarly the number of row intervals must be row boundary. 
Note also that the column and row boundaries may be as small as 1 and as large 
as desired. 

The control card for a transition figure differs from that of a normal 
basic figure in that it contains a value of -1 for column boundary, followed by 
the row boundary, a column interval subseries number, a zero separator, a set of 
subseries numbers for the row mesh spacings on the left side, and a set of 
subseries numbers for the row mesh spacings on the right side. Note that the 
column boundary of a transition figure is always one. The control card for 
transition figure 22 might be: 

802200, -1, 7, 256, 0, 3, 17, -17, 3 
where the in terva l s u b s e r i e s r e f e r to the the examples g iven for the 05 s e r i e s 
above. The s i n g l e column mesh spacing of t h i s t r a n s i t i o n f igure w i l l be 4+1. 
The row i n t e r v a l s on the l e f t s i d e of the t r a n s i t i o n f igure are equiva lent to a 
s i n g l e s u b s e r i e s of the form 

1+1, I . 5+1. 2 . 2+1, 4 . 3+1. 5 . 1+1, 7 

and the row i n t e r v a l s on the r i g h t s i d e of the f igure equiva lent to the s i n g l e 
subser i e s 

1+1, 2 , 3+1, 3 , 2+1, 5, 1+1, 6 . 5+1, 7 

Exact ly row boundary i n t e r v a l s must be s p e c i f i e d on each of the l e f t and r ight 
s i d e s of the t r a n s i t i o n f i g u r e . Further, the sum of the In terva l s on the l e f t 
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P l a n a r r e g i o n o v e r l a y d a t a f o r the b a s i c f i g u r e c o n s i s t s o f f i v e - w o r d s e t s : 
( 1 ) p l a n a r r e g i o n number; ( 2 ) l e f t column; ( 3 ) r i g h t column; ( 4 ) top row; 
and ( 5 ) b o t t o m row. 

The column and row numbers must d e f i n e a n o n d e g e n e r a t e q u a d r i l a t e r a l w h i c h 
d o e s not e x t e n d o u t s i d e the b a s i c f i g u r e b o u n d a r i e s . The s e r i e s number f o r t h i s 

In f i n e b l o c k e d problems a method e x i s t s to p a r t i a l l y f i n e b l o c k a p l a n a r 
r e g i o n . If a n e g a t i v e p l a n a r r e g i o n number i s s p e c i f i e d i n any p l a n a r r e g i o n 
o v e r l a y s e t . t h e n i f the p l a n a r r e g i o n was to be f i n e b l o c k e d ( f rom the 150SSS 
s e r i e s ) i t w i l l n o t be f i n e b l o c k e d f o r the mesh e l e m e n t s i n t h i s o v e r l a y s e t 
o n l y . C o n v e r s e l y , i f the p l a n a r r e g i o n was not to be f i n e b l o c k e d , i t w i l l be 
f i n e b l o c k e d In t h i s o v e r l a y o n l y . 

The c o m p l e t e s e t o f c a r d numbers used to d e f i n e b a s i c f i g u r e 16 and i t s two 
a u x i l i a r y f i g u r e s might b e : 

8 0 1 6 2 2 a d d i t i o n a l o v e r l a y s f o r s e c o n d a u x i l i a r y f i g u r e 

Note t h a t b a s i c f i g u r e must be numbered s e q u e n t i a l l y from 1. and f o r e a c h b a s i c 
f i g u r e the a u x i l i a r y f i g u r e s ( i f any ) must a l s o be numbered s e q u e n t i a l l y from 1. 
I t i s not n e c e s s a r y , h o w e v e r , t h a t e v e r y b a s i c f i g u r e and a u x i l i a r y f i g u r e 
d e f i n e d a c t u a l l y be u s e d i n the f i n a l f i g u r e o v e r l a y . 

CHANNEL/IHACK DATA 

In a f i n e b l o c k e d prob lem, e a c h mesh e l e m e n t i n a b a s i c f i g u r e (and 
a u x i l i a r y f i g u r e ) i s a s s g r n e d a c h a n n e l and a t r a c k i d e n t i f i e r through the d a t a 
on the 7 s e r i e s . C h a n n e l / t r a c k d a t a s e r v e s to l a b e l the mesh e l e m e n t s and 
d e l i n e a t e the co lumns and rows o f the i n i t i a l f i g u r e w h i c h are c h a n n e l and t r a c k 
b o u n d a r i e s . N o r m a l l y c h a n n e l s a r e bounded by columns i n the b a s i c f i g u r e and 
t r a c k s a r e bounded by r o w s . That i s , a l l mesh e l e m e n t s b e t w e e n two c o n s e c u t i v e 
columns i n an i n i t i a l f i g u r e would have the same c h a n n e l number and a l l mesh 

Card 7 0 0 0 0 0 ( w h i c h Is o p t i o n a l ) may be u s e d to d e f a u l t the c h a n n e e / t r a c k 
d a t a i n a n y i n i t i a l f i g u r e f o r wh ich no e x p l i c i t c h a n n e l / t r a c k input i s p r e s e n t . 
There may be a s i n g l e i t e m on t h i s c a r d , e i t h e r z e r o or o n e . I f z e r o , the 
e n t i r e I n i t i a l f i g u r e mesh i s a s s i g n e d a c h a n n e l number o f 1 and a t r a c k number 
o f 1; i f o n e . c h a n n e l numbers 1 , 2 , 3 , . . . and t r a c k numbers 1 , 2 , 3 , . . . a r e 
a s s i g n e d to the i n i t i a l f i g u r e and e a c h mesh l i n e Is made a c h a n n e l / t r a c k 
boundary . If t h i p c a r d i s m i s s i n g , z e r o Is assumed. 

The c o n v e n t i o n to a s s g r n c h a n n e l numbers to columns and t r a c k numbers to 
rows may be r e v e r s e d f o r a b a s i c f i g u r e and a l l o f i t s a u x i l i a r y f i g u r e s b y u s e 
o f the o p t i o n a l card 7BBB00. The s i n g l e i t em on t h i s card may be z e r o or o n e . 
If z e r o , the l a b e l s a r e a s n o r m a l l y a s s i g n e d ; i f o n e , the l a b e l s are r e v e r s e d 
( i . e . , c h a n n e l s a r e a t t a c h e d to rows and t r a c k s to c o l u m n s ) . If t h i s card i s 
m i s s i n g , z e r o i s assumed. 

The d e f a u l t c h a n n e l / t r a c k d a t a ( d e f x n e d b y c a r d 700000) i s a s s i g n e d to the 
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The form of the data on cards 7BBBA1 - 7BBBA9 is: 
C(0), +-Ch(l), C(I), +-Ch(2). .... +-Ch(N), G(N)) 0, 
R(0), +-Tr(l), R(l), +-Tr(2), ..., +-Tr(M) , R(M) 

where the G ( i ) < C d + 1 ] a r e column numbers, the Ch( 1) a r e the column l a b e l s 
( u s u a l l y c h a n n e l s ) , the R(1) < R( i+1) a r e row numbers , and the T r ( 1 ) a r e the row 
l a b e l s ( u s u a l l y t r a c k s ) . A l l o f the C h ( i ) and T r ( 1 ) w h i c h a r e to be a s s i g n e d 
must be i n t e g e r s g r e a t e r than z e r o . If -Ch( i ) i s s p e c i f i e d , the mesh e l e m e n t s 
bounded b y co lumns C ( i - l ) . C ( i - 1 ) + 1 , C ( i - l ) + 2 , . . . . C(1) a r e l a b e l l e d C h ( 1 ), 
C h ( l ) + 1 . C h ( i ) + 2 S i m i l a r l y , i f - T r ( i ) i s s p e c i f i e d , the mesh e l e m e n t s 
bounded b y rows R( 1 - 1 ) . R ( i - 1 ) + 1. R ( l - l ) + 2 R( i ) a r e l a b e l l e d Tr( i ) , 
T r ( i ) + 1, T r ( i ) + 2 If +Ch( i ) i s s p e c i f i e d , a l l o f the mesh e l e m e n t s 
bounded b y co lumns C ( i - l ) to C(1) a r e l a b e l l e d C h ( i ) ; i f + T r ( i ) i s s p e c i f i e d , 
a l l o f the mesh e l e m e n t s bounded b y rows R( i - 1 ) to R ( i ) a r e l a b e l l e d T r ( I ) . 

The s p e c i f i c a t i o n : 

0 , 0 , R ( 0 ) , + - T r ( l ) , R ( l ) , + - T r ( 2 ) +-'IV(M), R(M) 

w i l l s e r v e to l a b e l o n l y the rows of a n i n i t i a l f i g u r e w h i l e the s p e c i f i c a t i o n : 

C ( 0 ) , C h ( l ) , C ( l ) . Ch(2) Ch(N) . C(N) 

w i l t s e r v e to i d e n t i f y o n l y c o l u m n s . In any c a s e , the d e f a u l t v a l u e s p r e v i o u s l y 
d e s c r i b e d w i l l be used f o r any n o n - s p e c i f i e d l a b e l s . 

As an example o f the u s e o f t h i s s e r i e s , the c a r d 

7 0 0 7 0 1 , 0 , 100 , 2 , - 5 0 0 , 5 , 6 0 0 , 6 , 0 , 0 . - 3 , 9 

a s s i g n s the f o l l o w i n g c h a n n e l / t r a c k d a t a to b a s i c f i g u r e 7 : c h a n n e l 100 b e t w e e n 
columns 0 and 2 ; c h a n n e l 5 0 0 b e t w e e n columns 2 and 3 ; c h a n n e l 501 b e t w e e n 
columns 3 and 4 ; c h a n n e l 5 0 2 b e t w e e n columns 4 and 5 ; and c h a n n e l 6 0 0 b e t w e e n 
columns 5 and 6 . Tracks a r e numbered s e q u e n t i a l l y s t a r t i n g w i t h t r a c k 3 b e t w e e n 
rows 0 and 1, and e a c h row i s a t r a c k i n t e r f a c e . 

SUPER FIGURE DATA 

A c o n t r o l c a r d i s r e q u i r e d f o r e a c h s u p e r f i g u r e c o n t a i n i n g i t s co lumn 
boundary and row boundary . The s e r i e s number f o r t h i s s u p e r f i g u r e c o n t r o l c a r d 
i s 9 . the s u b s e r i e s number i s the t h r e e - d i g i t s u p e r f i g u r e number f o l l o w e d by a. 
z e r o , and the s e q u e n c e number Is 0 . 

Super f i g u r e o v e r l a y d a t a c o n s i s t s o f f i v e - w o r d s e t s : ( 1 ) i n i t i a l f i g u r e 
number; ( 2 ) column a t w h i c h to p o s i t i o n i n i t i a l f i g u r e ; ( 3 ) row a t wh ich t o 
p o s i t i o n i n i t i a l f i g u r e ; ( 4 ) r o t a t i o n i n d i c a t o r : and ( 5 ) r e f l e c t i o n I n d i c a t o r . 

The i n i t i a l f i g u r e number must be b e t w e e n 10 and 9999 and i n d i c a t e s the 
p a r t i c u l a r b a s i c f i g u r e or a u x i l i a r y f i g u r e b e i n g o v e r l a i d on the s u p e r f l g u r e . 
Note t h a t s u p e r f i g u r e s may n o t be o v e r l a i d on o t h e r s u p e r f i g u r e s . The column 
and row numbers i n d i c a t e the p o i n t on «diich the o r i g i n o f the i n i t i a l f i g u r e i s 
to be o v e r l a i d . The o n l y l i m i t a t i o n on o r i g i n column and row numbers i s t h a t a 
t r a n s i t i o n f i g u r e may n o t e x t e n d o u t s i d e s u p e r f i g u r e b o u n d a r i e s . The r o t a t i o n 
i n d i c a t o r i s the m u l t i p l e o f 6 0 - d e g r e e s t h r o u g h which the i n i t i a l f i g u r e i s to 
be c l o c k w i s e r o t a t e d In the frame o f r e f e r e n c e o f the s u p e r f i g u r e , and must l i e 
b e t w e e n 0 and 5 . The r e f l e c t i o n i n d i c a t o r i s 1 for r e f l e c t i o n and 0 f o r no 
r e f l e c t i o n . Note t h a t t h i s r e f e r s to r e f l e c t i o n w i t h i n the frame o f r e f e r e n c e 
o f the s u p e r f i g u r e . The s e r i e s number f o r t h i s d a t a i s 9 , and the s u b s e r i e s 
number i s the i n i t i a l s u p e r f i g u r e number w h i c h c o n s i s t s o f a t h r e e - d i g i t s u p e r 

i l d ^ t t o S ^ r ^ v e f r l i r J e t r ?oronea-JA'^^Li!?a^ii*s^^er^?rgLe^i?^fy oST^^tiose'^l 
a u x i l i a r y f igure 0. 



PDa-8 REFERENCE MANUAL 10.2 (5/78) Page 5 
10. GEOMETRY INPUT PREPARATION 2. HEXAGONAL GEOMETRY DATA 

The complete set of card numbers for super figure 24 might be: 
902400 super figure control card 
902401 super figure overlay sets 
902402 super figure overlay sets 
902403 super figure overlay sets 
902411 additional overlay sets for first auxiliary flgrure 
902412 additional overlay sets for first auxiliary figure 
902421 additional overlay sets for second auxiliary figure 

Note that super figures must be numbered sequentially from 1 and, for each super 
figure. the auxiliary super figures (if any) must be numbered sequentially from 
1. It is not necessary that every super figure and auxiliary super figure 
defined actually be used in the final figure overlay. 

Final f igure o v e r l a y data is s p e c i f i e d using card s e r i e s number 17. The 
data c o n s i s t s of six-word f i n a l f igure over lay s e t s , each c o n s i s t i n g of the 
fo l lowing information: (1) f i n a l f igure number; (2 ) I n i t i a l f igure number (+) 
or i n i t i a l super f igure number ( - ) ; (3) column at lAlch to p o s i t i o n i n i t i a l 
f i gure ; (4) row at which to p o s i t i o n i n i t i a l f igure; (5) r o t a t i o n indicator; 
and (6) r e f l e c t i o n i n d i c a t o r . 

The f ina l f igure number may have any value between 1 and 999 but must be 
c o n s i s t e n t wi th the maximum f i n a l f igure number s p e c i f i e d in the control input 
( see Sec t ion 9 . 1 ) . The second number in a six-word s e t i s the i n i t i a l f igure 
number or i n i t i a l super f igure number which is to be over la id on the reg ion of 
s o l u t i o n . If the number i s p o s i t i v e , an i n i t i a l f igure i s indicated; i f the 
number i s nega t ive , an i n i t i a l super f igure i s indicated . In e i t h e r case the 
abso lute value of the number must be between 10 and 9999. The column and row 
indicate the point in the reg ion of s o l u t i o n >diich i s to be over la id by the 
o r i g i n of the i n i t i a l f i g u r e . The r o t a t i o n number i s the mult iple of 60-degrees 
through which the i n i t i a l f igure or i n i t i a l super f igure i s to be clockwise 
ro ta ted ; the r o t a t i o n number must be between 0 and 5 . The r e f l e c t i o n indicator 
i s 1 for r e f l e c t i o n and 0 for no r e f l e c t i o n . Note that more than one f i n a l 
f igure over lay s e t s e x t u p l e t may be present on any card in t h i s s e r i e s . Cards 
in t h i s s e r i e s must be s e q u e n t i a l . 

As an example, the card 

170001, 3 , 52, 5, 12. 3 , 1 

would a s s i g n f i n a l f igure number 3 to a u x i l i a r y f igure 2 of bas ic f igure 5 , 
p o s i t i o n i t s o r i g i n at column 5, row 12 in the reg ion of s o l u t i o n , ro ta te the 
f igure 3 times 60 degrees (180 degrees) c lockwise , and r e f l e c t the f i gure . If 
the card were instead 

170001, 3 , - 5 2 , 5 , 12, 3 . 1 

the information would be i d e n t i c a l except that a u x i l i a r y super f igure 2 of super 
f igure 5 would be used. 

For problems which are fine blocked, the channel bias data is Input on the 
16 series. The data consists of one channel bias number for each final figure 
overlay set on cards 170001 - 17^999. The n-th data item on these cards Is 
added to all channel numbers specified for the initial figure in the n-th 
sextuplet on cards 170001 - 170999. Thus these cards, if present, must contain 
exactly the same number of data items as there are sextuplets of final figure 
overlay data. 
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If the c h a n n e l b i a s d a t a i s m i s s i n g , the b i a s f o r e a c h f i n a l f i g u r e o v e r l a y 
s e t i s d e t e r m i n e d b y the c o n t e n t s o f card 1 6 0 0 0 0 . T h i s c a r d , wh ich i s o p t i o n a l , 
may c o n t a i n one I tem, e i t h e r z e r o or o n e . I f z e r o , e a c h f i n a l f i g u r e o v e r l a y 
s e t i s a s s i g n e d a c h a n n e l b i a s of z e r o ; i f o n e . the c h a n n e l b i a s e s a r e 0 . C, 
2C. 3G, . . . f o r e a c h s u c c e e d i n g f i n a l f i g u r e o v e r l a y s e t . In the l a t t e r c a s e . 
C i s the maximum c h a n n e l number s p e c i f i e d f o r a n y i n i t i a l f i g u r e . If t h i s c a r d 
i s m i s s i n g , z e r o i s a s sumed. 
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The f o l l o w i n g i s a t a b u l a t i o n o f t h e c a r d s u s e d t o d e s c r i b e a h e x a g o n a l 
g e o m e t r y : 

OSXXXl - 05XXX9 

Mesh i n t e r v a l s f o r s u b s e r i e s XXX i n e x p a n s i o n f o r m a t . D a t a c o n s i s t s of a n 
a r b i t r a r y number of s e t s . E a c h s e t i s a p a i r c o n s i s t i n g o f a f l o a t i n g - p o i n t 
mesh i n t e r v a l v a l u e f o l l o w e d b y a n I n t e g e r p o i n t number . P o i n t numbers must be 
i n s t r i c t l y i n c r e a s i n g o r d e r . The mesh s u b s e r i e s number XXX may r a n g e f rom 0 0 1 
t o 999 and n e e d n o t be s e q u e n t i a l . 

150000 

I n f i n e b l o c k e d p r o b l e m s , t h e d e f a u l t i n d i c a t o r f o r s p e c i f i c a t i o n o f f i n e 
b l o c k e d p l a n a r r e g i o n s . The c a r d c o n t a i n s a s i n g l e i t e m : 

0 I m p l i e s p l a n a r r e g i o n s s p e c i f i e d on c a r d s 150001-150999 a r e t o be f i n e 
b l o c k e d ( a s s u m e d i f c a r d I s m i s s i n g ) ; 

1 i m p l i e s a l l p l a n a r r e g i o n s e x c e p t t h o s e s p e c i f i e d on c a r d s 150001-150999 
a r e t o be f i n e b l o c k e d . 

150001 - 150999 
L i s t of p l a n a r r e g i o n s t o be f i n e b l o c k e d i f t h e i t e m on c a r d 150000 i s 0 

o r m i s s i n g ; l i s t o f p l a n a r r e g i o n s n o t t o f i n e b l o c k i f t h e i t e m on c a r d 150000 
i s 1. The l i s t of p l a n a r r e g i o n s i s g i v e n In t h e fo rm: 

R( l ) , + - R ( 2 ) . + - R ( 3 ) , . . . , +-R(N) 
with the form R( I) , -R(I+1) meaning all of the planar regions from R(I) through 
R(I+l). 

8BBB00 
(1) COLUMN BOUNDARY of the basic figure. 
(2) ROW BOUNDARY of the basic figure. 

(3)-(N) Mesh subseries number for COLUMN INTERVALS. 
(N+1) 0 (separator between column and row intervals) 

(N+2)-(M) Mesh subseries numbers for ROW INTERVALS. 
Control cardbfor^basic figure BBB. The value of BBB may range from 001 to 

those defined by the 05XXXS series. 
999, and must be sequentia iT The mesh subseries for the colum^ and rows are 

For a normal basic figure (column boundary > 0), the total number of mesh 
spacings assigned to the columns by the set of column subseries numbers must be 
exactly the column boundary of the basic flgure. Exactly row boundary Intervals 
must be assigned to the rows in this case. 

For a transition figure (column boundary = -1). exactly one mesh interval 
must be assigned by the column subseries number. Two times row boundary mesh 
intervals are specified for the rows, the first row boundary of these applying 
to the left side of the transition figure and the second row boundary applying 
to the right side. 

8BBB01 - 8BBB09 
P l a n a r r e g i o n o v e r l a y s e t s f o r b a s i c f i g u r e BBB. E a c h o v e r l a y s e t 

( q u i n t u p l e t ) i s o f t h e f o r m : 

( 1 ) PLANAR REGION number 
( 2 ) LEFT c o l u m n 
( 3 ) RIGHT c o l u m n 
( 4 ) TOP r o w 
f « i ^ BOTTOM row^ — -
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Each card may contain any number of overlay sets (quintuplets). Overlay 
sets will be used in the order in vdiich they appear on the cards. The left and 
right columns and top and bottom rows must define a nondegenerate rectangle 
within the basic figure. 

8BBBA1 - 8BBBA9 
Planar reg ion o v e r l a y for a u x i l i a r y f igure A of bas ic f igure BBB. Format 

of 
Planar reg ion o v e r l a y for a u x i l i a r y f igure A of bas ic f igure BBB. Forms 

„x the data on these cards (qu in tup le t s ) i s e x a c t l y the same as the 8BBB01 -
8BBB09 cards . For a g iven bas ic f igure there may be up to 9 a u x i l i a r y f igures 

700000 
In fine blocked problems. the default indicator for assignment of 

channel/track identifiers to basic figures. This card contains a single item: 
0 Implies each mesh element in the basic figure is given channel number 1 and 

track number 1 (assumed if card is missing); 
1 implies channel numbers 1,2,3,... and track numbers 1.2,3.... are 
assigned to the basic figure and each mesh line is a channel/track 
boundary. 

7BBB00 
In a fine blocked problem, defines the convention used for labelling 

columns and rows of basic figure BBB. This card contains a single item: 
0 implies channels are delimited by columns, tracks by rows (assumed if card 

is missing); 
1 implies tracks are delimited by columns, channels by rows. 

7BBB01 - 7BBB09 
Modifications to the default channel/track identifiers for basic figure 

BBB. The form of the data is: 
C(0), +-Ch(l), C(l). +-Gh(2). .... +-Ch(N). C(N), 0, 
R(0), +-Tr(l), R(l), +-Tr(2) +-Tr(M), R( M) 

where: C( 1) < C(i+1) are column numbers. 
R( 1) < R(i+1) are row numbers. 
Ch(1) > 0 are column identifiers (usually channels). 
Tr(1) > 0 are row identifiers (usually tracks). 

For Ch(i) and Tk-( 1) , , i n d i c a a t e a ssngll Idenntifir f o r ral ccoumns oo rowss 
Indicates sequential identifiers. 

7BBBA1 - 7BBBA9 
Channel/track data for auxiliary figure A of basic figure BBB. Format of 

the data on these cards is exactly the same as on the 7BBB01 - 7BBB09 cards. 
Channel/track data for auxiliary figures modify only that of the basic figure. 

9BBB00 

(2) ROW BOUNDARY of the super figure. 
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C o n t r o l c a r d for s u p e r f i g u r e BBB. Value o f BBB may range from 1 to 999 
and must be s e q u e n t i a l . 

9BBB01 - 9BBB09 
Super figure overlay sets for super figure BBB. Each overlay set is a 

quintuplet of the form: 
(1) INITIAL FIGURE number. 
(2) COLUMN at which to position initial figure origin. 
(3) ROW at which to position initial figure origin. 
(4) ROTATION indicator. 
(5) REFLECTION Indicator. 

Each card may contain any number of overlay sets (quintuplets). Only basic 
and auxiliary figures may be used (not other super figures). Rotation indicator 
is 0, 1. 2, 3. 4, or 5 for 0, 60, 120, 180. 240. or 300 degrees. Reflection 
indicator is (0/1) for (no/yes). 

9BBBA1 - 9BBBA9 
Super figure overlay sets for auxiliary super figure A of super figure BBB. 

Format of the data on these cards (quintuplets) is exactly the same as the 
9BBB01 - 9BBB09 cards. For a given super figure there may be up to 9 auxiliary 

only auxiliary super figure modify only those of the parent super figure. 

170001 - 170999 
Final figure overlay sets. Each overlay set is a sextuplet of the form: 

(1) FINAL FIGURE number. 
(2) INITIAL FIGURE (+) or INITIAL SUPER FIGURE (-) 
(3) COLUMN at which to position initial figure origin. 
(4) ROW at which to position initial figure origin. 
(5) ROTATION indicator. 
(6) REFLECTION indicator. 

Each card may contain any number of final figure overlay sets (sextuplets). 
Overlay sets will be used in the order in which they appear on these cards. A 
positive initial figure number indicates a basic or auxiliary figure while a 
negative initial figure number refers to an initial super figure. Rotation 
indicator is 0, 1, 2. 3. 4. or 5 for 0, 60. 120. 180. 240, or 300 degrees. 
Reflection indicator is (0/1) for (no/yes). 

160000 
In problems which are fine blocked, the default indicator for channel bias 

data. The card contains a single item: 
0 implies each final figure overlay set is assigned a channel bias of 0 

(assumed if this card is missing); 
1 implies each successive final figure overlay set is assigned a channel bias 

of 0, C, 2C, 3C, . . . where C is the maximum channel number specified for 
any initial figure. 

160001 - 160999 

In problems vdilch are fine blocked, channel bias numbers. There must be 
^xne channel bi^s value for each final figure overlay set (sextuplet) on the 

170001 - 170999 carda7 -
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1 0 . 3 , GEOMETRY INPUT PREPARATION: aUADRILATERAL GEOMETRY DATA 

T h i s s e c t i o n d e s c r i b e s the d a t a used f o r the t r a n s v e r s e p l a n a r mesh 
d e s c r i p t i o n i n q u a d r i l a t e r a l g e o m e t r y . A d e s c r i p t i o n o f the method o f 
c o n s t r u c t i o n and t e r m i n o l o g y used c a n be found i n Chapter 3 . 

Data used In the q u a d r i l a t e r a l g e o m e t r y d e s c r i p t i o n p r o c e s s may be input 
from e i t h e r c a r d s or a F i l e Manager f i g u r e f i l e ( o r b o t h ) . B a s i c and a u x i l i a r y 
f i g u r e b u i l d i n g i n f o r m a t i o n ( i f any) i s input from c a r d s . Compound f i g u r e 
b u i l d i n g s e t s may be input from e i t h e r c a r d s o r a F i l e I b n a g e r f i g u r e f i l e . 
A d d i t i o n a l l y , c o m p l e t e d e s c r i p t i o n s o f s u b s t r u c t u r e s to be used i n the 
c o n s t r u c t i o n p r o c e s s , namely f i l e f i g u r e s , may be input from a F i l e Manager 
f i g u r e f i l e . The program w i l l o p t i o n a l l y s a v e a F i l e Manager f i g u r e f i l e f o r 
a n i problem in w h i f h geometry'^is c o n s T r u c t e d . I n p u t l n g * t h i s f f l e to problems 

vA^ ^^p/r r^T^^sff.: r^;;ltai:oir:::ra^fa s::̂ :t:? cTJ^Ui^wiTti. 
If the same geometry i s to be used In s evera l problems, the con^lete 

geometric d e s c r i p t i o n which i s constructed may be saved in an output F i l e 
Manager geometry f i l e . This F i l e Manager geometry f i l e may then be input to 
succeeding problems e l i m i n a t i n g the need for repeated ly cons truc t ing the 
geometry. It should be noted that an input F i l e Manager geometry f i l e conta ins 
a complete geometric d e s c r i p t i o n , and o n l y the material assignments (composit ion 

l^rSr^'^tTe^y '^rtbbe '^Sefe itIehL^rF l ! : MTilgJr ge:Ltr?%i;e 'u I n S T e i ? 
p r e s e n t , t h e y w i l l be d e l e t e d b y the program. 

The card s e r i e s u s e d to d e f i n e a t r a n s v e r s e q u a d r i l a t e r a l g e o m e t r y mesh a r e 
a s f o l l o w s : 

05XXXS P l a n a r mesh i n t e r v a l d a t a 
150SSS F i n e b l o c k p l a n a r r e g i o n d a t a 
8BBBAS B a s i c and a u x i l i a r y f i g u r e d a t a 
7BBBAS C h a n n e l / t r a c k d a t a 
9CCCSS Coi]Q>ound f i g u r e d a t a 

Some o f t h e s e card s e r i e s have s u b s e r i e s numbers (XXX, CCC, o r BBBA) tiboae 
meanings w i l l be e x p l a i n e d b e l o w . A l l o f the card s e r i e s h a v i n g s e q u e n c e 
numbers ( S , S S . or SSS) must b e g i n w i t h 1 and be u s e d s e q u e n t i a l l y . 

The f i n e b l o c k p l a n a r r e g i o n d a t a and c h a n n e l / t r a c k d a t a a r e used o n l y i n 
problems w h i c h a r e f i n e b l o c k e d . I f t h e s e c a r d s a r e p r e s e n t i n a prob lem w h i c h 
i s n o t f i n e b l o c k e d , t h e y w i l l be c h e c k e d by the program but w i l l not be u s e d . 

MESH INTERVAL DATA 

P l a n a r mesh I n t e r v a l d a t a i s s p e c i f i e d i n e x p a n s i o n f o r m a t , e a c h s e t 
c o n s i s t i n g o f a f l o a t i n g p o i n t i n t e r v a l v a l u e f o l l o w e d b y a p o i n t number. The 
s e r i e s number i s 05 and a n y o f the t h r e e - d i g i t s u b s e r i e s 0 0 1 - 9 9 9 may be u s e d . 
Each s u c h s u b s e r i e s s p e c i f i e s a s e q u e n c e o f i n t e r v a l s e x t e n d i n g from p o i n t 0 to 
an a r b i t r a r y t e r m i n a t i o n p o i n t . The d a t a might c o n s i s t o f the f o l l o w i n g c a r d s , 
f o r e x a m p l e , d e f i n i n g mesh s u b s e r i e s 3 , 17, and 2 5 6 : 

0 5 0 0 3 1 , 1+1. 1. 5 + 1 . 2 

0 5 0 1 7 1 , 2 + 1 , 2 , 3 + 1 , 3 , 1+1 , 5 

0 5 2 5 6 1 , 4 + 1 , 1 

The mesh s e q u e n c e s d e s c r i b e d on t h i s s e r i e s w i l l be u s e d to d e f i n e the row and 
column mesh s p a c i n g s i n b a s i c , f i g u r e s . 
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In f ine blocked problems the s e t of planar regions which are to be f ine 
blocked is input on the 150 s e r i e s . Card 150000 i s the defaul t indicator for 

The cards 150001-150999 conta in a l i s t of planar reg ion numbers: 

R ( l ) . +-R(2) , +-R(3) +-R(N) 

with the form R( 1) , -R( i+1) meaning a l l of the planar regions from R( i ) through 

B l iTc^F i ^^D^ 

A contro l card 8BBB00 i s required for each bas ic f igure . This card 
conta ins a unique alphanumeric basic f igure label (up to 10 c h a r a c t e r s ) , the 
column boundary, the row boundary, a s e t of column interval subser i e s numbers, a 
zero separator , and a s e t of row interva l subser i e s numbers. The s e r i e s number 
for t h i s bas ic f igure contro l card Is 8. the subser i e s number i s a t h r e e - d i g i t 
number BBB followed by a z e r o , and the sequence number Is 0. The same s u b s e r i e s 
pnuuber BBB w i l l be used on a l l cards conta ining data per ta in ing to the 

800700, STRUCTURE2, 6 . 9, - 1 7 , 256, 0 , 3 . 17, 3 

where the Interval s u b s e r i e s numbers re fer to those g iven in the examples on the 
05 s e r i e s above. Note that the mesh in terva l s s p e c i f i e d are measured along the 
axes of the b a s i c f igure ( the angle between these axes i s the internal angle of 
the bas ic f i g u r e ) . This bas ic f igure has a column boundary of 6 and a row 
boundary of 9 , the column Interva l s c o n s i s t of subser i e s 17 (reversed because i t 
i s s p e c i f i e d as negat ive ) fol lowed by subser i e s 256. The row i n t e r v a l s c o n s i s t 
of those in s u b s e r i e s 3 fol lowed by those in subser i e s 17 followed by those in 
s u b s e r i e s 3 . Thus the column i n t e r v a l s are equivalent to a s i n g l e subser i e s of 

1+1, 2 , 3+1, 3 , 2+1, 5 , 4+1. 6 

and the row i n t e r v a l s are equiva lent to a s i n g l e subser i e s of the form 

1+1, 1, 5+1, 2 , 2+1, 4 , 3+1, 5, 1+1. 8 , 5+1, 9 

The advantage of us ing mul t ip le s u b s e r i e s i s that repeat ing sequences of 
i n t e r v a l s need be s p e c i f i e d on ly once. Note that the number of meshes ass igned 
by the column s u b s e r i e s must be e x a c t l y equal to the column boundary of the 
bas ic f igure . and s i m i l a r l y the number of row Intervals must be row boundary. 
Note a l s o that the column and row boundaries may be as small as 1 and as large 
as d e s i r e d . 

Cards 8BBBA0 are contro l cards for a u x i l i a r y f igures conta ining a s i n g l e 
item, namely a unique alphanumeric label (up to 10 characters) for the a u x i l i a r y 
f i g u r e . The s e r i e s number i s 8 , the subser i e s number i s the t h r e e - d i g i t bas ic 
f igure number BBB fol lowed by a o n e - d i g i t a u x i l i a r y f igure number (1 to 9 , not 

J«llia^£^rg2jr*iSii;r^^^ ilriti. coISin-iriXri^Jf^i 
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does T o t ' - ' i - n r ^ X i S r ^ t h : T.id^n-^ri ns;drrT::!"AnTieii":!:::nts^i:? 
assigned a planar reg ion number w i l l be considered transparenc ies . The s e r i e s 
number for t h i s data i s 8, and the s u b s e r i e s number i s the t h r e e - d i g i t bas ic 
f igure number BBB fol lowed by a o n e - d l g i t a u x i j i a r y f igure number A (0 to 9 ) . 

TEls lllllll atl gf^rrfo 'ra^ra i i t lTaJi '^^^rt^d" , - ^ t̂ "̂̂  -aifications to 
In f ine blocked problems a method e x i s t s to p a r t i a l l y f ine block a plaiiar 

: ^ r ^ a ; set" t L n ^ l f ^ 1 % ? ! ^ ^ ^ g f o r w ^ s ' l r b l M S r b l o c L d ^ ? " ^ ^ ' * ^ : ' ' ISlIsS 
s e r i e s ) i t w i l l not be f ine blocked for the mesh elements in t h i s over lay s e t 

nir-biScLTi^lrhiro^^rla^^^^WT^^^^" - ^^t to b e f ' - •^"'="^d, " '-^^ ^^ 
The complete s e t of card numbers used to def ine a bas ic f igure and i t s two 

a u x i l i a r y f igures us ing s u b s e r i e s number 16 might be: 

801610 label for f i r s t a u x i l i a r y f igure 

Basic f igure numbers need not be s e q u e n t i a l , nor must a u x i l i a r y f igure numbers 

f igure . 

Optional card BOOOOO may be used to def ine the internal angles at the 
o r i g i n of the bas ic f i g u r e s . The angles are s p e c i f i e d us ing expansion format, 
each s e t c o n s i s t i n g of a f l o a t i n g point angle value in degrees followed by an 
Integer bas ic f igure number. The las t angle value s p e c i f i e d holds for a l l 
higher numbered bas ic f igures ( i f any) . If t h i s card is miss ing . the internal 
angles of a l l bas ic f i gures are assumed to be 90 degrees i f the geometry type i s 
- 1 and 60 degrees i f the geometry type i s - 4 . 

CHANNEL/TRACK DATA 

In a fine blocked problem, each mesh element in a basic figure (and 
auxiliary figure) is assigned a channel and a track identifier through the data 
on the 7 series. Channe1/track'data serves to label the mesh elements and 
delineate the columns and rows of the initial figrure which are channel and track 
boundaries. Normally channels are bounded by columns in the basic figure and 
tracks are bounded by rows. That is, all mesh elements between two consecutive 
columns in an initial figure would have the same channel number and all mesh 
elements between two consecutive rows would have the same track number. This 
convention may be reversed for any basic figure as described below. 

Card 700000 (which is optional) may be used to default the channel/track 
data in any initial figure for which no explicit channel/track input is present. 
There may be one item on this card, either zero or one. If zero. the entire 
initial figure mesh is assigned a channel number of 1 and a track number of 1; 
if one, channel numbers 1,2.3,... and track numbers 1.2.3,... are assigned to 
the initial figure and each mesh line is made a channel/track boundary. If this 
card is missing, zero is assumed. 

The convention to assign channel numbers to columns and track numbers to 
rows may be reversed for a basic figure and all of Its auxiliary figures by use 
of the optional card 7BBB00. The single item on this card may be zero or one. 
If zero. the labels are as normally assigned; if one, the labels are reversed 
(i.e.. channels are attached to rows and tracks to columns). If this card is 
missing, zero is assumed. 
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The default channel/track data (defined by card 700000) is assigned to the 
basic figure (auxiliary figure 0) except for any modifications specified by 
cards 7BBB01 - 7BBB09. For 9II auxiliary figures 1 through 9, the channel track 
data for the basic figure (auxiliary figure 0) is assigned except for any 
modifications specified by cards 7BBBA1 - 7BBBA9, A=l,2....9, 

The form of the data on cards 7BBBA1 - 7BBBA9 is: 
C(0), +-Ch(l), C(l), +-Ch(2), ..., +-Ch(N), C(N), 0, 
R(0), +-Tr(l). R(l), +-Tr(2) +-Tr(M), R(M) 

where the C( i ) < C(i+1) are column numbers, the Gh( i) are the column labe l s 
( u s u a l l y channe l s ) , the R(1) < R(i+1) are row numbers, and the Tr(1) are the row 
labe l s ( u s u a l l y t r a c k s ) . Al l of the Ch(1) and Tr(1) which are to be ass igned 
must be integers greater than z e r o . If -Ch(1) i s s p e c i f i e d , the mesh elements 
bounded by columns C ( i - l ) . C ( i - 1 ) + 1. C ( i - l ) + 2 , . . . . C(1) are labe l l ed Ch( 1) . 
Ch( i )+1 , Ch(i)+2 S i m i l a r l y , i f -Tr(1) i s s p e c i f i e d , the mesh elements 
bounded by rows R(1-1) , R( i -1 ) + 1, R ( i - l ) + 2 R(1) are labe l l ed Tr(1) , 
Tr ( i ) + 1. Tr ( i )+2 If +Ch( 1) i s s p e c i f i e d , a l l of the mesh elements 
bounded by columns C(1-1) to C(i ) are labe l l ed Ch(1); i f +Tr( 1) i s s p e c i f i e d , 
a l l of the mesh elements bounded by rows R(1-1) to R( 1) are labe l l ed T r ( i ) . 

The s p e c i f i c a t i o n : 

0, 0. R(0) , + - T r ( l ) , R ( l ) , + -Tr(2) , . . . . +-Tr(M), R(M) 

will serve to label only the rows of an initial figure while the specification: 
C(0), Ch(l). C(l), Ch(2), .... Ch(N). C(N) 

w i l l s e r v e to i d e n t i f y o n l y c o l u m n s . In any c a s e , the d e f a u l t v a l u e s p r e v i o u s l y 
d e s c r i b e d w i l l be used f o r any n o n - s p e c i f i e d l a b e l s . 

As an example o f the use o f t h i s s e r i e s , the card 

7 0 0 7 0 1 , 0 , 100 , 2 , - 5 0 0 , 5 . 6 0 0 . 6 . 0 , 0 , - 3 . 9 

a s s i g n s the f o l s o w i n g c h a n n e l / t r a c k d a t a to the b a s i c f i g u r e : c h a n n e l 100 

COMPOUND FIGURE DATA 

Confound f i g u r e d e s c r i p t i o n s may be input to the program i n t h r e e d i f f e r e n t 
forms: 

(1) Complete d e s c r i p t i o n s of compound f igures may be input from an opt ional 
F i l e Ifenager f igure f i l e ; these are c a l l e d f i l e f i g u r e s . 

(2) Bui lding d e s c r i p t i o n s of compound f igures which are to be constructed 
by the program may be input from a F i l e Manager f igure f i l e . 

(3) Bui lding d e s c r i p t i o n s of compound f igures which are to be constructed 
by the program may be input on cards . 

The user may employ any one or a combination of any of the above methods. 

If a F i l e Manager f igure f i l e i s input to the problem, the compound f igure 
generator automat ica l ly has a c c e s s to a l l of the f i l e f igures vdilch i t c o n t a i n s . 
These are i d e n t i f i e d by alphanumeric label (up to 10 c h a r a c t e r s ) , as are a l l 
compound f i g u r e s . 

Al l compound f igures which are to be generated by the program require a 
contro l card. This card has the form 9CCC00, where the subser i e s number CCC may 
^ r , r ^ r o m — ^ t o ^ 9 9 a n d ^ e e d ^ o t be^sequ&ntial. The ^ame^ anbser ies^ number CCC 
w i l l be used on a l l cards conta in ing data perta in ing to t h i s par t i cu lar compound 
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figure and will be referred to as the compound figure number (although the 
compound figure will be Identified by its alphanumeric label). The compound 
figures will be generated in the order determined by this subseries number. The 
control card may contain either one item or three items. If the card contains 
one item: 

9CCC00, LABEL 
where LABEL i s the a l p h a n u m e r i c compound f i g u r e l a b e l (up to 10 c h a r a c t e r s ) , 
then the o v e r l a y s e t s f o r t h i s f i g u r e w i l l be t a k e n from the input F i l e Manager 
f i g u r e f i l e and any o v e r l a y s e t s input on c a r d s 9CCC01-9CCC99 w i l l be appended 
a t the end o f t h o s e from the f i l e . If the c o n t r o l c a r d c o n t a i n s t h r e e i t e m s : 

9CCC00. LABEL, GOLBDY, ROWBDY 

namely , the a l p h a n u m e r i c compound f i g u r e l a b e l , column boundary o f the compound 
f i g u r e , and row boundary o f the compound f i g u r e , t h e n the e n t i r e b u i l d i n g 
d e s c r i p t i o n w i l l c o n s i s t o f the compound f i g u r e o v e r l a y s e t s on c a r d s 
9CCC01-9CCC99. In e i t h e r c a s e , i f a f i l e f i g u r e w i t h the same l a b e l Is 
c o n t a i n e d i n a n input F i l e Manager f i g u r e f i l e , the f i g u r e w i l l be r e c o n s t r u c t e d 
u s i n g the a p p r o p r i a t e s e t o f b u i l d i n g d e s c r i p t i o n s . 

Card input compound f i g u r e b u i l d i n g d e s c r i p t i o n s a r e input on c a r d s 
9CCC01-9CCC99, one o v e r l a y s e t per c a r d . Each c a r d input compound f i g u r e 
o v e r l a y s e t i s o f the form: 

9CCCSS. FIGLABEL. I , J , Dx, Dy, FF, GH, Xb. Yo, R2 

where t h e s e d a t a i t ems a r e : ( 1 ) i n i t i a l f i g u r e l a b e l FIGLABEL; ( 2 ) co lumn I i n 
the compound f i g u r e c o n t a i n i n g the p o i n t o v e r l a i d b y the o r i g i n o f the i n i t i a l 
f i g u r e ; ( 3 ) row J i n the compound f i g u r e c o n t a i n i n g the p o i n t o v e r l a i d b y the 
o r i g i n o f the i n i t i a l f i g u r e ; ( 4 ) row d i r e c t i o n a l i n d e x Dx; ( 5 ) co lumn 
d i r e c t i o n a l i n d e x Dy: ( 6 ) f i n a l f i g u r e b i a s FF; ( 7 ) c h a n n e l b i a s CH; 
i%J^:Toli'Tol: Y^f l ^ ' ^ L d ^ ^ r ? t a l ! o ^ r ; n ^ ; R^'^ y - c o o r d i n a t e o f I n i t i a l 

There may be from one to t e n i t ems on any c a r d . The f i r s t i t e m must be 
p r e s e n t i n e v e r y o v e r l a y s e t ; the program w i l l s u p p l y d e f a u l t v a l u e s f o r e a c h 
u n s p e c i f i e d i t e m beyond the f i r s t . N o t e , h o w e v e r , t h a t In o r d e r to s p e c i f y a n y 
p a r t i c u l a r i t e m , a l l p r e c e d i n g i t e m s i n the o v e r l a y s e t must be e x p l i c i t l y 
s t a t e d . That i s , when a n y i t e m i s d e f a u l t e d , a l l s u c c e e d i n g i t ems i n t h a t 
o v e r l a y s e t must a l s o be d e f a u l t e d . Thus , f o r e x a m p l e , to s p e c i f y a c h a n n e l 
b i a s f o r any o v e r l a y s e t . v a l u e s f o r a l l o f the f i r s t s i x i t ems must be 
s p e c i f i e d on the c a r d (none o f the f i r s t s i x may be d e f a u l t e d ) . 

The a l p h a n u m e r i c i n i t i a l f i g u r e l a b e l ( u p to 10 c h a r a c t e r s ) may d e s i g n a t e a 
b a s i c f i g u r e , a u x i l i a r y f i g u r e , f i l e f i g u r e , or p r e v i o u s l y g e n e r a t e d compound 
f i g u r e . The column and row s p e c i f i e s the mesh p o i n t ( I , J ) i n the compound 
f i g u r e l a t t i c e w h i c h i s to be o v e r l a i d by the o r i g i n o f the i n i t i a l f i g u r e . The 
row and column d i r e c t i o n a l i n d i c e s Dx̂  and Dy are i n t e g e r s from 1 to 8 d e s c r i b i n g 
the c o r r e s p o n d e n c e b e t w e e n the p o i n t s i n the i n i t i a l f i g u r e and the p o i n t s i n 
the compound f i g u r e w h i c h e a c h i s to o v e r l a y . The d i r e c t i o n s c o r r e s p o n d i n g to 
e a c h o f the i n t e g e r v a l u e s are found i n S e c t i o n 3 . 6 , F i g u r e 3 . 6 . 1 . " ^ A l l o w a b l e 
c o m b i n a t i o n s o f t h e s e i n d i c e s are shown i n Tab le 3 . 6 . 1 , The d e f a u l t v a l u e f o r 
the row d i r e c t i o n a l i n d e x i s 1; the d e f a u l t v a l u e f o r the column d i r e c t i o n a l 
index i s 3 . I f one o f the d i r e c t i o n a l i n d i c e s i s d e f a u l t e d , b o t h must be 

The f i n a l f i g u r e b i a s FF i s an I n t e g e r w h i c h w i l l be added to the f i n a l 
f i g u r e numbers o f e a c h mesh e l e m e n t o f the i n i t i a l f i g u r e when o v e r l a y i n g the 
compound f i g u r e ; the d e f a u l t v a l u e o f the f i n a l f i g u r e b i a s i s 0 . A l t h o u g h the 
f i n a l f i g u r e b i a s may have any v a l u e , the r e s u l t i n g f i n a l f i g u r e number f o r e a c h 
mesh e l e m e n t must a l w a y s be g r e a t e r than or e q u a l to 0 and l e s s than or e q u a l to 
9 9 9 . In the s o l u t i o n f i g u r e the f i n a l f i g u r e numbers must be l e s s than the 
maximum f i n a l f i g u r e number s p e c i f i e d i n the c o n t r o l input ( s e e S e c t i o n 9 . 1 ) . 
The c h a n n e l b i a s CH i s an i n t e g e r w h i c h w i l l be added to e a c h n o n z e r o c h a n n e l 
number i n the i n i t i a l f i g u r e when o v e r l a y i n g the compound f i g u r e ; the d e f a u l t 
v a l u e o f the c h a n n e l b i a s i s 0 . A l t h o u g h the c h a n n e l b i a s may have a n y v a l u e , 
the r e s u l t i n g c h a n n e l number i n f i n e b l o c k e d r e g i o n s must a l w a y s be g r e a t e r than 
0 and l e s s t h a n or e q u a l to 9 9 9 , 9 9 9 . 9 9 9 . 
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The f l o a t i n g point x -coordinate and y-coordinate descr ibe the exact s p a t i a l 
l o c a t i o n (Xo.Yo) of the o r i g i n of the i n i t i a l f igure being la id down. These are 
s p e c i f i e d in a fourth quadrant coordinate system whose ax i s i n t e r s e c t at an 
angle equal to the internal angle of the compound figure ( see Figure 3 . 6 . 4 ) . If 
Xo i s s p e c i f i e d , then Yo must be s p e c i f i e d . If the coordinates Xo and Yo are 
not s p e c i f i e d in the over lay s e t , the p o s i t i o n of the o r i g i n of the i n i t i a l 
f igure being la id down i s defaul ted to be the e x i s t i n g s p a t i a l p o s i t i o n of the 
mesh point which i t over lays ( i . e . the p o s i t i o n of the point ( l . J ) s p e c i f i e d by 
items (2) and ( 3 ) ) . Note that the s p a t i a l p o s i t i o n of t h i s point ( I . J ) must 
have been defined by a previous over lay s e t when Xo and Yo are miss ing . The one 

:jrt?^rL:^di5:t:rt0:s,t!0? UoLari Li nent?4^r?:irb;%;^;iittalt?igSr! 
..^.^.iri:ti:i.a7o'Lol^^^^^^^t^ 
irrec^t?:*irindfx i ? a i r i r i e ?^sid ii\At 3!rrorSec%^foT3.r^ *̂ ^ -

For the s p e c i a l case in which an i n i t i a l f igure Is to be la id down such 
that i t abuts aga ins t two po int s in the compound figure which have a lready been 
def ined , the row d i r e c t i o n a l index i s s p e c i f i e d as negat ive (-Dx); in t h i s case 
Xb, Yo, and R2 must not be s p e c i f i e d . 

Optional card 900000 may be used to def ine the internal angles at the 
o r i g i n of the compound f i g u r e s . The angles are s p e c i f i e d us ing expansion 
format, each s e t c o n s i s t i n g of a f l o a t i n g point angle value in degrees followed 
by an integer compound f igure number. The l a s t angle value s p e c i f i e d holds for 
a l l higher numbered compound f igures ( I f any) . If t h i s card i s miss ing , the 

^^*LTi t^y^^lt: -1fanfi0 s^g^^e^ i f 't^r^:oL'Lris : 'Ir-5!90 '-'''^es'f '""^ 

j^r ' 'thrtii?tai"n^irirb:p^e4artL^ioru^?oi%picr?fso^s^ioS!'a '^lt ***̂ ^ 
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The f o l l o w i n g i s a t a b u l a t i o n o f the c a r d s used to d e s c r i b e a q u a d r r l a t e r a l 

05XXX1 - 05XXX9 

Mesh i n t e r v a l s f o r s u b s e r i e s XXX i n e x p a n s i o n f o r m a t . Data c o n s i s t s o f an 
a r b i t r a r y number o f s e t s . Each s e t i s a p a i r c o n s i s t i n g o f a f l o a t i n g - p o i n t 

T ^ M r i c t l ^ M ^ i e a s S n g o o r d e r ^ ' ' T L ^ ^ ^ f s u C i r l e s " ^ ^ ; r 5 S i " L y " S ^ e ?rom o S l 
to 999 and need not be s e q u e n t i a l . 

150000 

In f i n e b l o c k e d p r o b l e m s , the d e f a u l t I n d i c a t o r f o r s p e c i f i c a t i o n o f f i n e 
b l o c k e d p l a n a r r e g i o n s . The c a r d c o n t a i n s a s i n g l e i t em: 

0 implies planar reg ions s p e c i f i e d on cards 150001-150999 are to be f ine 
blocked (assumed i f card i s mi s s ing ) ; 

1 implies a l l planar regions except those s p e c i f i e d on cards 150001-150999 
are to be f ine blocked. 

150001 150999 
L i s t o f p l a n a r r e g i o n s to be f i n e b l o c k e d i f the i t e m on c a r d 150000 i s 0 

or m i s s i n g ; l i s t o f p l a n a r r e g i o n s n o t to f i n e b l o c k i f the i t e m on c a r d 150000 
i s 1. The l i s t of p l a n a r r e g i o n s i s g i v e n in the form: 

w i t h the f o r m R d ) , - R ( I + l ) ' m e a n i n g , a l l o f t h 4 * p l a n a r r e g i o n s from R( I) t h r o u g h 

800000 

O p t i o n a l c a r d l i s t i n g the i n t e r n a l a n g l e s o f b a s i c f i g u r e s i n e x p a n s i o n 
f o r m a t . Data c o n s i s t s o f s e t s o f p a i r s , e a c h p a i r c o n s i s t i n g o f a f l o a t i n g 
p o i n t a n g l e i n d e g r e e s and an i n t e g e r b a s i c f i g u r e number. The b a s i c f i g u r e 
numbers must be i n s t r i c t l y i n c r e a s i n g o r d e r . The l a s t a n g l e i s assumed to 
a p p l y f o r any h i g h e r numbered b a s i c f i g u r e s ( ( f a n y ) ) I I the c a r d i s m i i s s n g , 
the i n t e r n a l a n g l e s are assumed to be 9 0 d e g r e e s If g e o m e t r y type i s - 1 and 6 , 
d e g r e e s i f the g e o m e t r y type i s - 4 , 

8BBB00 

(1) LABEL of the basic figure. 
(2) COLUMN BOUNDARY of the basic figure. 
(3) ROW BOUNDARY of the basic figure. 

(4)-(N) Mesh subseries numbers for COLUMN INTERVALS. 
(N+1) 0 (separator between column and row intervals) 

(N+2)-(M) Mesh subseries numbers for ROW INTERVALS. 
Control card for basic figure BBB. The value of BBB may range from 001 to 

999, and need not be sequential. The label is a unique alphanumeric (up to 10 
characters) Identifier for the basic figrure. The mesh subseries for the columns 
and rows are those defined by the 05XXXS series. The total number of mesh 
spacings assigned to the columns by the set of column subseries numbers must be 
exactly the column boundary of the basic figure. Exactly row boundary intervals 
must be assigned to the rows. 
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8BBB01 - 8BBB09 
P l a n a r r e g i o n o v e r l a y s e t s f o r b a s i c f i g u r e BBB. Each o v e r l a y s e t 

( q u i n t u p l e t ) i s o f the form: 

( 1) PLANAR REGION number 
( 2 ) LEFT column 
(3) RIGHT 
(4) TOP ro 
(5) BOTTOM row 

Tow 

Each card may contain any number of overlay sets (quintuplets). Overlay 
sets will be used in the order in which they appear on the cards. The left and 
right columns and top and bottom rows must define a nondegenerate quadrilateral 
within the basic figure. 

8BBBA0 
Control card for auxiliary figure A of basic figure BBB. This card 

contains one item, a unique alphanumeric label (up to 10 characters) for the 
auxiliary figure. For a given basic figure, there may be up to 9 auxiliary 
figures and they need not be numbered sequentially. 

8BBBA1 - 8BBBA9 
Planar region overlay for auxiliary figure A of basic figure BBB. Format 

of the data on these cards (quintuplets) is exactly the same as the 8BBB01 -
8BBB09 cards. Overlay sets for any auxiliary figure modify only those of the 
parent basic figure. 

700000 
In fine blocked problems, the default indicator for assignment of 

channel/track identifiers to basic figures. This card contains a single item: 
0 implies each mesh element in the basic figure is given channel number 1 and 

track number 1 (assumed if card is missing); 
1 implies channel numbers 1.2,3.... and track numbers 1,2,3.... are 
assigned to the basic figure and each mesh line is a channel/track 
boundary. 

7BBB00 
In a f i n e b l o c k e d p r o b l e m , d e f i n e s the c o n v e n t i o n used f o r l a b e l l i n g 

co lumns and rows o f b a s i c f i g u r e BBB. T h i s card c o n t a i n s a s i n g l e i t e m : 
0 i m p l i e s c h a n n e l s a r e d e l i m i t e d b y c o l u m n s , t r a c k s by rows (assumed i f card 

i s m i s s i n g ) ; 
1 i m p l i e s t r a c k s are d e l i m i t e d b y c o l u m n s , c h a n n e l s by r o w s . 

7BBB01 - 7BBB09 
I f o d i f i c a t i o n s to the d e f a u l t c h a n n e l / t r a c k i d e n t i f i e r s f o r b a s i c f i g u r e 

BBB. The form of the d a t a I s : 

C ( 0 ) , + - C h ( 1 ) , C ( l ) , + -Ch(2 ) + -Ch(N) , C(N) , 0 , 
R ( 0 ) , + - T r ( l ) , R ( 1 ) , + - T r ( 2 ) +-Tr(M) , R(M) 

where: C(1) < C(1+1) a r e co lumn numbers . 
R ( i ) < R ( i + I ) a r e row numbers . 
C h ( i ) > 0 a r e column i d e n t i f i e r s ( u s u a l l y c h a n n e l s ) . 
T r ( i ) > 0 a r e row i d e n t i f i e r s ( n s u a l l y t r a c k s ) . 
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For Gh( 1) and Tr( 1) , + indicates a single identifier for all columns or rows, 
and - indicates sequential identifiers. 

7BBBA1 - 7BBBA9 
Channel/track data for auxiliary figure A of basic figure BBB. Format of 

the data on these cards is exactly the same as on the 7BBB01 - 7BBB09 cards. 
Channel/track data for auxiliary figures modify only that of the basic figure. 

900000 
Optional card l i s t i n g the internal angles of compound f igures in expansion 

format. Data c o n s i s t s of s e t s of p a i r s , each pair c o n s i s t i n g of a f l o a t i n g 
point angle in degrees and an in teger compound f igure number. The compound 

900001 
Optional card des ignat ing the reg ion of s o l u t i o n of the problem. This card 

may conta in one Item, the alphanumeric labe l of the i n i t i a l f igure vdilch i s to 

9CCC00 
This card i s a contro l card required for each compound f igure which i s to 

(1) LABEL of the compound f i g u r e . 

then over lay s e t s for the compound f igure i d e n t i f i e d by the label w i l l be taken 

(1) LABEL for the compound f i g u r e . 

then over lay s e t s for the compound f igure I d e n t i f i e d by the label w i l l c o n s i s t 
only of those on cards 9CCC01-9CCC99. 

In e i t h e r c a s e , i f a f i l e f igure having the same label has been input, the 
f igure w i l l be reconstructed us ing the b u i l d i n g d e s c r i p t i o n . 
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9GCC01 - 9CCC99 

Compound f i g u r e o v e r l a y s e t s f o r compound f i g u r e CCC. Each c a r d c o n t a i n s 
one o v e r l a y s e t , and e a c h o v e r l a y s e t may c o n t a i n from one to t e n i t ems a s 
f o l l o w s : 

D e f a u l t Value 

( 1 ) INITIAL FIGURE l a b e l 
( 2 ) COLUMN o v e r l a i d b y the 

I n i t i a l f i g u r e o r i g i n 0 
( 3 ) ROW o v e r l a i d by the 

i n i t i a l f i g u r e o r i g i n 0 
( 4 ) ROW DIRECTIONAL INDEX Dx 1 
( 5 ) COLUMN DIRECTIONAL INDEX Dy 3 
( 6 ) FINAL FIGURE b i a s O 
( 7 ) CHANNEL b i a s 0 
(8) x-coordlnate Xo [ e x i s t i n g p o s i t i o n ] 
( 9 ) y - c o o r d i n a t e Yo [ e x i s t i n g p o s i t i o n ] 

( 1 0 ) SECONDARY ROTATION ANGLE R2 0 . 0 

D e f a u l t v a l u e s a r e u s e d f o r a n y u n s p e c i f i e d i t e m s . When any i t e m i n an o v e r l a y 
s e t I s d e f a u l t e d , a l l o f the i t e m s i n the o v e r l a y s e t w h i c h f o l l o w i t must be 
d e f a u l t e d . 

The I n i t i a l f i g u r e i s s p e c i f i e d b y a n a lphanumer ic l a b e l ( u p to 10 
c h a r a c t e r s ) . The row and coiumn d i r e c t i o n a l i n d i c e s are i n t e g e r s b e t w e e n 1 and 

x - c o o r d i n a t e , y - c o o r d i n a t e , and s e c o n d a r y a n g l e o f r o t a t i o n a r e f l o a t i n g p o i n t 
v a l u e s . The a n g l e i s s p e c i f i e d i n d e g r e e s . When the x - c o o r d i n a t e and 
y - c o o r d i n a t e a r e not s p e c i f i e d , the e x i s t i n g l o c a t i o n o f the p o i n t ( I . J ) i n t h e 
compound f i g u r e i s u s e d a s the d e f a u l t . The x - c o o r d i n a t e and y - c o o r d l n a t e must 
be s p e c i f i e d i f the o r i g i n i s o u t s i d e the boundary o f the compouud f i g u r e . In 
the f i r s t o v e r l a y s e t Xb and Yo must be s p e c i f i e d u n l e s s 1=0 and J = 0 . 
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T h i s s e c t i o n d e s c r i b e s t h e d a t a u s e d f o r t h e a x i a l g e o m e t r i c d e s c r i p t i o n i n 
a l l t h r e e - d i m e n s i o n a l p r o b l e m s . I f a F i l e Manager g e o m e t r y f i l e i s i n p u t t o t h e 
p r o b l e m , a l l of t h e d a t a w i l l be t a k e n f r o m t h e f i l e i n s t e a d o f f rom t h e c a r d 
i n p u t d e s c r i b e d h e r e . 

A x i a l mesh i n t e r v a l d a t a i s r e q u i r e d i n t h r e e - d i m e n s i o n a l p r o b l e m s . T h i s 
d a t a i s i n p u t on c a r d s e r i e s 0 7 0 S S S , w h e r e t h e s e q u e n c e n u m b e r s SSS must b e g i n 
w i ^ h 001 and be u s e d s e q u e n t i a l l y . The d a t a i s s p e c i f i e d In e x p a n s i o n f o r m a t , 
e a c h s e t c o n s i s t i n g of a f l o a t i n g p o i n t mesh i n t e r v a l v a l u e f o l l o w e d b y a n a x i a l 
p o i n t n u m b e r . The t e r m i n a t i o n p o i n t must be t h e p l a n e b o u n d a r y of t h e p r o b l e m . 

G r o s s p l a n e b o u n d a r i e s may o p t i o n a l l y b e i n p u t on c a r d s e r i e s 060SSS , v ^ e r e 
SSS i s a s e q u e n c e number w h i c h must b e g i n w i t h 0 0 1 and mus t be u s e d 
s e q u e n t i a l l y . The a x i a l p l a n e s w h i c h a r e g r o s s p l a n e b o u n d a r i e s a r e s p e c i f i e d 
i n i n c r e a s i n g o r d e r , and t h e l a s t v a l u e must be t h e p l a n e b o u n d a r y of t h e 
p r o b l e m . I f t h i s s e r i e s i s u s e d , t h e r e must be a t l e a s t two g r o s s p l a n e 
b o u n d a r i e s s p e c i f i e d . A l t h o u g h p l a n e 0 I s a g r o s s p l a n e b o u n d a r y . I t mus t n o t 

i L X r i l ' t i l l srT^.r.Fishoi\irtsivA'i S5??lf ^Ldr^^^'s^^i^.s?!*'ne 
In problems which are fine blocked, fine plane boundaries are optionally 

input on card series 061SSS, where SSS is the sequence number which must begin 
with 001 and be used sequentially. The axial planes which are fine plane 
boundaries are specified in increasing order, and the last value must be the 
plane boundary of the problem. All planes which are gross plane boundaries must 
also be fine plane boundaries. If card series 061SSS is missing, the contents 
of optional card 061000 determines the fine plane boundaries. Card 061000 
contains a single item, either zero or one. If zero, the fine plane boundaries 

Till jia^rboerL;? tYr r.ti%i\mi \ri\rAzi ztioo^..^:::^^'- wi" '^ a 

file:///ri/rAzi
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The following is a summary of the cards used to describe the axial geometry 
in three-dimesional problems: 

070001 - 070999 
Axial mesh i n t e r v a l s in expansion format. Each s e t Is a pair c o n s i s t i n g of 

a f l o a t i n g - p o i n t mesh in terva l value followed by an integer a x i a l point number. 
Point numbers must be in s t r i c t l y increas ing order, w i th the l a s t point number 
equal to the plane boundary of the problem. 

060001 - 060999 
These cards may o p t i o n a l l y be used to def ine gross plane boundaries. The 

a x i a l po ints which are gross plane boundaries are l i s t e d in increas ing order, 
and the l a s t plane must be equal to the plane boundary of the problem. If 
miss ing , the gross plane boundaries w i l l be the planes for which the cards 

061000 

1 implies that every a x i a l point i s a f ine plane boundary. 

061001 - 061999 
In f ine blocked problems, these cards may o p t i o n a l l y be used to define 'fine 

plane boundaries . The a x i a l po in t s which are f ine plane boundaries are l i s t e d 
in increas ing order, and the l a s t a x i a l point must be equal to the plane 
boundary of the problem. The l i s t must include a l l planes which are gross plane 
boundaries (not including plane 0 ) . If missing, the f ine plane boundaries w i l l 
be determined by the 061000 card. 
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Compoo i t ion c o r r e s p o n d e n c e d a t a may be input i n s e v e r a l w a y s . The u s e r 
s p e c i f i e s whether the c o m p o s i t i o n s w i l l c o r r e s p o n d to f i n a l f i g u r e s or p l a n a r 
r e g i o n s on t h e c o n t r o l input card 0 1 0 0 0 1 . On t h i s card the c o r r e s p o n d e n c e may 
f u r t h e r be s p e c i f i e d a s o n e - t o - o n e . i n d i c a t i n g t h a t c o m p o s i t i o n N w i l l 
c o r r e s p o n d to p l a n a r r e g i o n ( o r f i n a l f i g u r e ) N. A l t e r n a t i v e l y , c o m p o o s t i o n 
c o r r e s p o n d e n c e d a t a may be input on c a r d s o r from an input F i l e Manager g e o m e t r y 
f i l e . If a F i l e Minager g e o m e t r y f i l e i s i n p u t , c o m p o s i t i o n c o r r e s p o n d e n c e 
c a r d s may be p r e s e n t ( w h e t h e r t h e y a r e to be u s e d or n o t ) ; i f n o t u s e d t h e s e 
c a r d s w i l l be d e l e t e d by the program. 

Card i n p u t c o m p o s i t i o n c o r r e s p o n d e n c e d a t a i s s p e c i f i e d u s i n g c a r d s e r i e s 
0 3 and may be u s e d o n l y i f the c o m p o s i t i o n c o r r e s p o n d e n c e h a s n o t b e e n 
d e s i g n a t e d o n e - t o - o n e . The c a r d s are o f t h e form 03PPPS, where PPP i s the 
s u b s e r i e s number and S i s the s e q u e n c e number w h i c h s t a r t s w i t h 1 and must be 
s e q u e n t i a l . The d a t a on the c a r d s c o n s i s t s o f t r i p l e t s o f the form 
N ( l ) , C ( j ) . N(k) wh ich a s s i g n c o m p o s i t i o n C ( j ) to p l a n a r r e g i o n s ( o r f i n a l 
f i g u r e s ) N(1) to N( k) i n c l u s i v e . Each c a r d may c o n t a i n any number o f t r i p l e t s . 
The t r i p l e t s a r e p r o c e s s e d s e q u e n t i a l l y , and any t r i p l e t may change an 
a s s i g n m e n t e s t a b l i s h e d b y a p r e v i o u s t r i p l e t . For e x a m p l e , i f c o m p o s i t i o n s a r e 
to be a s s i g n e d to p l a n a r r e g i o n s , t h e n the s e t o f t r i p l e t s : 

2 , 1. 5 , 1 . 3 , 1 . 3 . 2 , 4 

a s s i g n s c o m p o s i t i o n 2 to p l a n a r r e g i o n s 3 and 4 . c o m p o s i t i o n 3 to p l a n a r r e g i o n 
1. and c o m p o s i t i o n 1 to p l a n a r r e g i o n s 2 and 5 . An e d i t o f the c o m p o o s t i o n 
c o r r e s p o n d e n c e s i s s u p p l i e d when g e o m e t r y I s g e n e r a t e d and a g e o m e t r y input e d i t 
i s r e q u e s t e d . 

For 1-D and 2-D p r o b l e m s , s u b s e r i e s 0 0 0 ( c a r d s 0 3 0 0 0 1 - 0 3 0 0 0 9 ) d e f i n e s the 
c o m p o s i t i o n c o r r e s p o n d e n c e s i n the f i r s t c o n f i g u r a t i o n ( I d e n t i f i e d a s 
c o n f i g u r a t i o n 0 ) ; i n prob lems not u s i n g m u l t i p l e c o n f i g u r a t i o n s . t h i s w i l l be 
the o n l y s e t o f c o m p o s i t i o n c o r r e s p o n d e n c e s . In problems u s i n g m u l t i p l e 
c o n f i g u r a t i o n s , s u b s e r i e s PPP ( c a r d s 03PPP1-03PPP9) a r e r e q u i r e d f o r e a c h 
c o n f i g u r a t i o n PPP a t wh ich the c o m p o s i t i o n c o r r e s p o n d e n c e s c h a n g e . The t r i p l e t s 
in s u c h a s u b s e r i e s need o n l y d e s c r i b e the m o d i f i c a t i o n s to the c o r r e s p o n d e n c e s 
i n the p r e v i o u s c o n f i g u r a t i o n . Thus the input f o r the f i r s t c o n f i g u r a t i o n must 
a s s i g n a c o m p o s i t i o n to e v e r y p l a n a r r e g i o n ( o r f i n a l f i g u r e ) , w h i l e the input 
f o r s u c c e e d i n g c o n f i g u r a t i o n s need o n l y d e s c r i b e the c h a n g e s to the 

:;ir«!:;-tr-i5L:t.!"Tr°i,^o"ji5^;ii°";on?Tj.?:?i:r" ILLn?} ssE" i:'lir 
maximum conf igurat ion number s p e c i f i e d (on cards 03CCCS). then the t o t a l number 
of conf igurat ions i s CCC+1. 

In 3-D problems, s u b s e r i e s 000 (cards 030001-030009) de f ines the 
composition correspondences for the f i r s t p lane . Note that every planar reg ion 
(or f i n a l f igure) must be ass igned a composit ion. Subseries PPP (cards 
03PPP1-03PPP9) are required for each a x i a l plane PPP at vdilch the compoostion 
correspondences change. The t r i p l e t s in s u b s e r i e s PPP need only descr ibe the 
modif icat ions to the correspondences of the previous plane. If the opt ional 
cards 06OSSS have been used to def ine gross plane boundaries ( s e e S e c t i o n 1 0 . 4 ) . 
then the planes PPP at which the composit ion correspondences may change are 
r e s t r i c t e d to those gross plane boundaries. If cards 060SSS are miss ing , then 
the planes for which cards 03PPPS are present w i l l def ine the gross plane 

Card 030000 i s an opt iona l card used to qua l i fy the compoostion 
correspondence data in c e r t a i n ins tances . If present , card 030000 conta ins one 
or two items. The f i r s t item s p e c i f i e s vdiether composit ion correspondence data 
i s to be taken from card input or from an input F i l e Ifanager geometry f i l e ; the 
second item s p e c i f i e s the conf igurat ion to be used. CARD 030000 IS DELETED FROM 
CASE TO CASE. The use of t h i s card i s described below. 

A F i l e Mbnager geometry f i l e conta ins the composit ion correspondence data 
from the problem in which i t was c r e a t e d . When such a f i l e i s input, the user 
may s p e c i f y that e i t h e r the composit ion correspondence data contained in the 
f i l e be used, or that composit ion correspondence data input on cards be used. 
The f i r s t item on card OSOOOO Is e i t h e r zero or one. If zero , then the 
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w i l l be u s e d . I f the c a r d Is mis s in f f . z e r o i s a s s a u e d . Note t h a t t h i s i t e m i s 
m e a n i n g f u l o n l y when a F i l e Manager geontetry f i l e la i n p u t . 

When a F i l e Manager g e o m e t r y f i l e i s input and the f i r s t i t e m on c a r d 
e s e e e e i s one ( i m p l y i n g c a r d input be u s e d ) , an e r r o r w i l l r e s u l t i f c a r d s 
0 3 6 0 0 1 - 0 3 9 9 9 9 a r e m i s s i n g . However, the c o m p o s i t i o n c o r r e s p o n d e n c e s c o n t a i n e d 
i n the input F i l e Dbnager g e o m e t r y f i l e w i l l be e d i t e d If a g e o m e t r y input e d i t 
h a s b e e n r e q u e s t e d . 

The s e c o n d I tem on c a r d 0 3 0 0 0 0 s p e c i f i e s w h i c h c o n f i g u r a t i o n i s to be u s e d . 
T h i s i t e m must be an i n t e g e r b e t w e e n 0 and the maximum c o n f i g u r a t i o n . If t h i s 
i t e m i s m i s s i n g and a F i l e Manager g e o m e t r y f i l e has been i n p u t , the l a s t 
c o n f i g u r a t i o n u s e d i n the prob lem in w h i c h the f i l e was c r e a t e d w i l l be u s e d . 

L ^ * ^ ^ t s " : : s i L ; ? ! " * ? £ i r ^ o \ ? i i L S T : r ' i f e u r e r L r j L c e ^ n i r a ? i L j i : L m : r : ; 
r e p l a c e m e n t . 

I t s h o u l d be n o t e d t h a t , in some i n s t a n c e s , the c o n f i g u r a t i o n may be l a t e r 
changed b y c e r t a i n o p t i o n s . In 1-D m u l t i p l e c o n f i g u r a t i o n s e a r c h p r o b l e m s , the 
u s e r may o p t i o n a l l y s p e c i f y i n w h i c h c o n f i g u r a t i o n the s e a r c h Is to b e g i n ( c a r d 
0 1 0 0 5 2 ) . In prob lems u s i n g s u b c a s e s , the u s e r may o p t i o n a l l y c h o o s e a d i f f e r e n t 
c o n f i g u r a t i o n by s u b c a s e ( c a r d s 2 0 4 S S S ) . 

NOTE 

I t i s emphas ized t h a t i n i t i a l c o n c e n t r a t i o n 
p l a c e m e n t or r e p l a c e m e n t i s performed a c c o r d i n g to 
the c o n f i g u r a t i o n i m p l i e d by the c o n t e n t s o f card 
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The fo l lowing i s a 
conf igurat ion data* 

tabu la t ion of the cards used for composit ion and 

030000 
Optional card containing one or two items: 

(1) COMPDATA 
<2) CONFIG 

The first item COMPDATA is meaningful only yrben a File Manager geometry 
file has been input. The two possible values for this item are: 

0 which implies that the composition correspondences contained in the 
input File Manager geometry file are to be used (assumed if the card is 
miss ing); 

1 «iiich Implies that card input composition correspondences are to be 
used. 

The second item CONFIG specifies which configuration is to be used. This 
item must be an integer between 0 and the maximum configuration number. If this 
item is missing and a File manager geometry file has been input, the 
configuration from the file is used; otherwise, if this item is missing, 0 Is 
assumed. 

THIS CARD IS DELETED FROM CASE TO CASE. 

030001 - 030009 
Composstion correspondences for the f i r s t conf igurat ion i f 1-D or 2-D; 

composition correspondences for plane 0 i f 3-D. Data c o n s i s t s of t r i p l e t s of 
the form: 

N(1) , C ( j ) , N(k) 

which assigns composition C(J) to planar regions (or final figures) N(i) to N(k) 
inclusive. Each card may contain any number of triplets. Triplets are 
processed sequentially, and any set may change a correspondence established by a 
preceding set. This assignment must be complete; that is, every planar region 
(or final figure) must be assigned a composition number by the data on these 
cards. 

03PPP1 - 03PPP9 
The data ( t r i p l e t s ) on these cards has the same 

correspondence data on cards 030001-030009. 
form the compoos1 ion 

In 1-D and 2-D problems, these cards conta in the modi f icat ions at 
conf igurat ion PPP to the composit ion correspondences of the previous 
conf igurat ion . Each conf igurat ion number ( l e s s than the maximum PPP used) for 
which no modi f icat ions are input w i l l be Ident ica l to the conf igurat ion which 
precedes i t . 

In 3-D problems, these cards conta in the modif icat ions a t plane PPP to the 
composition correspondences of the previous p lane . These planes must be gross 
plane boundaries. 

as 
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The use o f the g e o m e t r y - r e l a t e d d a t a d e s c r i b e d i n t h i s s e c t i o n i s o p t i o n a l . 
Some o f the o p t i o n s a r e r e s t r i c t e d to c e r t a i n g e o m e t r y t y p e s a s n o t e d . 

Planar Region Areas 

The use of input planar reg ion areas i s opt ional and may be used in a l l 
geometr ies . The user may input t h i s data as one method to check h i s geometric 

i e g t o ^ . a " tco^pJred itopthrar;as*'calcSTlterirtheoprogJam Ine^he itoclllTt 
geometry generat ion . If the input and c a l c u l a t e d areas d i f f e r by more than 1 
per c e n t i n any planar r e g i o n , a n error r e s u l t s and a l l of the L l c u l a t e d areas 
are pr inted . Note that planar reg ion areas are always ed i ted when the geometry 
i s generated and a geometry input e d i t i s requested. Planar region areas are 
s p e c i f i e d in expansion format us ing card s e r i e s 1800SS, where the number SS may 
vary from 01 to 99 s e q u e n t i a l l y . Each pair c o n s i s t s of a f l o a t i n g point area 

^ : S : r ( ^ r e * ? l n ^ T u m S e i ; % r d ! S [Tt^Z^r^rirll^Zllllll'Zft J ^ u ^ / l l f la^g^^tt 
planar reg ion as s p e c i f i e d in the contro l input. 

P ic tureJEdi ts - R e c t a n g u l a r and Hexagonal Geometry 

Printed p ic ture e d i t s are o p t i o n a l l y a v a i l a b l e in rectangular and hexagonal 
geometry. These e d i t s are produced only for the s o l u t i o n space of the problem; 
they may be based on any of the geometric i d e n t i f i e r s . The p ic ture e d i t s are 
printed in a u n i t i z e d 90-degree mesh in rectangular geometry and a un i t i z ed 
66-degree mesh (chevron) in hexagonal geometry. If the picture produced 

pages of output. 

All mesh elements are l abe l l ed with two-character l a b e l s . One- or 
two-d ig i t l abe l s w i l l appear unaltered; t h r e e - d i g i t Ident i f er s are l abe l l ed 

in the two-character code. 

Picture e d i t s are requested on the opt ional 010009 card. This card may 

Optional cards 01009S may be used to s p e c i f y par t i cu lar snbf i e lds In any of 

;?iturr :^ ir ;eisr^p :cifi j ras foTJ^wsr-^-^- --'^^'S ' ^ ' - i - t̂ « t ^ of 

mrol Jl^nJr^^fgHn;. 
S = 3 for channels . 
S = 4 for t racks . 
S = 5 for hexagonal transformation. 

Each card may conta in up to ten t r i p l e t s , each t r i p l e t s p e c i f y i n g one printed 
p i c t u r e . Each t r i p l e t c o n s i s t s of: 

TITLE, DIGITl, DIGIT2 
where TITLE is an alphanumeric title (up to 10 characters) for the picture and 
DIGITl is the first and DICIT2 is the second digit (numbered from right to left) 
defining the subfield to be used. E^ch snbfield must contain one to three 
digits. Note that the appropriate edit must have been requested on the 010009 
card for the appropriate requests on the 01009S cards to be utilized. 
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For the f i n a l f i g u r e or p l a n a r r e g i o n (^di ichever c o r r e s p o n d s to 
c o m p o s i t i o n s ) p i c t u r e e d i t r e q u e s t , a c o m p o o i t l o n p i c t u r e e d i t w i l l be produced 
i f DIGITl and DIGIT2 a r e s p e c i f i e d a s n e g a t i v e . For 1-D and 2-D p r o b l e m s , t h i s 
c o m p o s i t i o n e d i t i s based o n the c u r r e n t c o n f i g u r a t i o n ; f o r 3 -D p r o b l e m s , the 
e d i t i s based on p l a n e 0 . 

P l o t s and P i c t u r e E d i t s - Ouadri l a t e r a l (]!eomeery 

P l o t s and p r i n t e d p i c t u r e e d i t s a r e o p t i o n a l l y a v a i l a b l e i n q u a d d r l a t e r a l 
g e o m e t r y . B o t h may be produced n o t o n l y f o r the s o l u t i o n s p a c e o f the prob lem, 
but a l s o f o r any o f the s u b s t r u c t u r e s (compound f i g u r e s , b a s i c f i g u r e s , 
a u x i l i a r y f i g u r e s , f i l e f i g u r e s ) u s e d in the g r n e r a t i o n o f the g e o m t e r y . The 
u s e r may o b t a i n p l o t s or p r i n t e d p i c t u r e s based o n : ( 1 ) g e o m e t r i c i d e n t t f i e r s , 
( 2 ) c o m b i n a t i o n s o f g e o m e t r i c i d e n t i f i e r s , or ( 3 ) row and column mesh l i n e s o f a 
f i g u r e . To o b t a i n e i t h e r p l o t s or p r i n t e d p i c t u r e e d i t s , f i g u r e s must be 

P i c t u r e e d i t s a r e p r i n t e d i n a 9 0 - d e g r e e u n i t i z e d mesh; h o r i z o n t a l , 
v e r t i c a l , or d i a g o n a l i n t e r f a c e s i n e i t h e r d i r e c t i o n w i l l be i n d i c a t e d . I f the 
p i c t u r e produced r e q u i r e s more than one page o f p r i n t e d o u t p u t , the e d i t i s 
c o n s t r u c t e d s u c h t h a t the f u l l p i c t u r e may be e a s i l y a s s e m b l e d from the s e p a r a t e 
p a g e s o f o u t p u t . P r i n t e d p i c t u r e s a l w a y s d e p i c t a g r i d o f p o i n t s w i t h (C+1) 
columns and ( R + l ) rows where C i s the column boundary and R I s the row boundary 
o f the f i g u r e b e i n g e d i t e d . However, d e f i n e d ( n o n - t r a n s p a r e n t ) p o i n t s w i l l be 
p r i n t e d as a p l u s s i g n ; t r a n s p a r e n t p o i n t s w i l l be p r i n t e d a s a p e r i o d . Mesh 
e l e m e n t s w i l l be l a b e l l e d >dien the p r i n t e d p i c t u r e I s based on a s i n g l e 
g e o m e t r i c i d e n t i f i e r ; p i c t u r e s based on m u l t i p l e i d e n t i f i e r s or mesh l i n e s w f u 
n o t be l a b e l l e d . The u s e r may s p e c i f y t h a t a s u b f i e l d o f the g e o m e t r i c 
i d e n t i f i e r be used a s the p r i n t e d l a b e l and f o r d e t e r m i n a t i o n o f i n t e r f a c e s . 
For e x a m p l e , i f a c h a n n e l p l c t S r e i s r e q u e s t e d , the u s e r may s p e c i f y t h a t the 

l^^lLU IS^tl^ifr :Sd l5te??lc::Mid:":m?Lrby'cL'^er?nf!i:iedl!^!ts?f tYf 
any of the requested labe l s i s greater than three d i g i t s , on ly the low order 
three d i g i t s w i l l be pr inted but i n t e r f a c e s are determined based on the e n t i r e 
subf i e ld s p e c i f i e d . Geometric i d e n t i f i e r s v4iich are zero are printed as zero; 
transparent mesh elements are blank. Maximum f igure s i z e >diich may be printed 
i s 1000 rows by 1000 columns. 

P l o t s are produced in true mesh; mesh elements are not l a b e l l e d . In p l o t s 
based on geometric i d e n t i f i e r s , the l i n e s drawn connect defined po int s along the 
in t er faces determined by the i d e n t i f i e r . P l o t s of mesh l i n e s connect a l l 

^i^j^i-^^i^^ ^yŝ :m i:^^^vtLrilth%:?ri?o«t^'^y tt"'^so^id"ir^nn:A 
that the p l o t s are produced in the fourth quadrant to appear in the ir proper 
orientation, and thus the y-coordlnate values w i l l appear as nega t ive . 

Both p lo t and printed p ic ture e d i t requests are input on the 0102SS cards , 
where the sequence number SS may vary from 01 to 99 and need not be s e q u e n t i a l . 
Each card In t h i s s e r i e s conta ins a s i n g l e request for e i t h e r a p lot or a 
printed p i c t u r e . The format of these cards i s as f o l l o > « : 

where: 

6i02SS. OPTION, FIELD, FIGLABEL, TITLEl, TITLE2, DIGITl. DIGIT2 

(1) OPTION is either the alphanumeric word PRINT for printed pictures or 
the alphanumeric word PLOT for plots. 

(2) FIEXD is one of the following alphanumeric words desfgnatlng the 
basis for interfaces in the edit: 

FIGURES for final figures. 
REGIONS for planar regions. 
CHANNELS for channels. 
TRACKS for tracks. 
COHPS for compositions. 
FIG/REG for final figures and planar regions. 
CHAN/TRACK for channels and tracks. rinT 
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INTERFACES f o r f i n a l f i g u r e s , p l a n a r r e g i o n s , c h a n n e l s , and 
t r a c k s . 

MESH f o r row and column mesh l i n e s and d i a g o n a l I n t e r f a c e s . 
TWIST f o r h e x a g o n a l a n g l e t r a n s f o r m a t i o n s . 

In the f i e l d s b a s e d on m u l t i p l e g e o m e t r i c i d e n t i f i e r s , a change i n 
any _„, o f the i n d i c a t e d i d e n t i f i e r s w i l l c r e a t e an i n t e r f a c e i n the 
p l o t o r p r i n t e d p i c t u r e . 

( 3 ) FKn.ABEL i s the a lphanumer ic l a b e l o f the s u b s t r u c t u r e ( b a s i c 
f i g u r e , a u x i l i a r y f i g u r e , compound f i g u r e , f i l e f i g u r e ) to be 
p r i n t e d or p l o t t e d . 

( 4 ) - ( 5 ) TITLEl and T1TLE2 a r e two a lphanumer ic words ( u p to 10 c h a r a c t e r s 
e a c h ) w h i c h a r e used to t i t l e the p l o t or p r i n t e d p i c t u r e . These 
i t e m s a r e o p t i o n a l . If t h e y a r e m i s s i n g . Item ( 2 ) w i l l be used a s 
the t i t l e . If t h e y are p r e s e n t , i t e m ( 2 ) i s a l w a y s p r i n t e d ahead o f 
t h i s t i t l e . 

( 6 ) - ( 7 ) DIGITl i s the f i r s t and DIGIT2 Is the s e c o n d d e c i m a l d i g i t (numbered 
from r i g h t to l e f t ) d e f i n i n g the s u b f i e l d to be used f o r l a b e l l i n g 
p r i n t e d p i c t u r e s and f o r d e t e r m i n i n g i n t e r f a c e s i n b o t h p l o t s and 
p r i n t e d p i c t u r e s . I f t h e s e a r e m i s s i n g , the ^ l e f i e l d w i l l be 

^o?s. ^ih^iigit^^^r^ tr^f:\rr\ii: riii'^iisi'V^inntr^Zl i : 
Items (1) through (3) must always be present in p lo t and p ic ture reques t s ; 
items (4) through (7) w i l l be defaul ted as indicated i f they are miss ing . 

D i s t o r t i o n Indicators - Chiadrilatera i Geomeery 

In quadr i la tera l geometry the user may o p t i o n a l l y request that the program 
c a l c u l a t e measures of the d i s t o r t i o n or i r r e g u l a r i t y of the s o l u t i o n space g r i d . 
Severe d i s t o r t i o n s of the mesh l i n e s comprising the l a t t i c e may r e s u l t in 
increas ing the d i f f i c u l t y of the i t e r a t i v e s o l u t i o n of the problem. The program 
w i l l compute s e v e r a l d i f f e r e n t measures of the mesh d i s t o r t i o n , each providing a 
p a r t i c u l a r i n d i c a t i o n of the extent and manner that the s o l u t i o n grid v a r i e s 
from a constant mesh, p a r a l l e l l ine l a t t i c e . The complexity of the a n a l y s i s of 
the gr id to be performed i s s p e c i f i e d by the user . 

D i s t o r t i o n ind ica tors are requested on the opt ional 010200 card. This card 
conta ins a s i n g l e Integer -t-N, where the value of N des ignates the l eve l of 
d i s t o r t i o n measure to be c a l c u l a t e d as fo l lows: 

N - 3 for ang les and angle r a t i o s . 
N s 4 for t r i a n g l e area r a t i o s . 

Spec i fy ing any value of N w i l l a l s o include a l l measures corresponding to va lues 
l e s s than N. If N i s p o s i t i v e , the maximum, minimum, and average values of each 
ind ica tor w i l l be printed together with a histogram ind ica t ing the d i s t r i b u t i o n 
of the values of each indicator between i t s maximum and minimum. If N Is 
n e g a t i v e , the histogram w i l l be omitted. D e f i n i t i o n s of the various d i s t o r t i o n 
Indicators are g iven below. 

A coupl ing d i s tance i s the d i s tance from a mesh point to any of i t s (up to 
e i g h t ) neighboring mesh po in t s to which i t i s coupled In the d i f ference equation 
s e n s e . The coupl ing r a t i o i s computed for each mesh p o i n t , and is the r a t i o of 
the maximum coupl ing d i s t a n c e at the mesh point to the minimum coupl ing d i s tance 
at that p o i n t . Hesh quadr i la tera l d i s t o r t i o n i s computed for each mesh 
q u a d r i l a t e r a l , and i s the square of the d i s tance between the midpoints of the 
two diagonals of the mesh quadr i la tera l divided by the area of the 
q u a d r i l a t e r a l . The angles are those measured between consecut ive coupling l i u e s 
from a point to ne ighbfr ing po in t s to which i t i s coupled. The angle r a t i o i s 
compute? at each *me.h l l o T n t . and Is the r a t i o o? the maxlmuTangle between 

t^TSgHf'-ar'tatStfri^^^^^'^nafh ^̂ ^El̂ ^L,'̂ r̂ Î ke'̂ l̂ô ^ '̂̂ ke aJ^ 
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of the l a r g e s t t r i a n g u l a r mesh e l e m e n t to the a r e a o f the s m a l l e s t t r i a n g u l a r 
mesh e l e m e n t s u r r o u n d i n g a mesh p o i n t ( i . e . , o f a l l t r i a n g l e s h a v i n g a v e r t e x a t 
t h a t mesh p o i n t ) . 
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A t a b u l a r summary o f the o p t i o n a l c a r d s d e s c r i b e d i n t h i s s e c t i o n I s a s 
f o l l o w s : 

186601 - 180099 

Input p l a n a r r e g i o n a r e a s In e x p a n s i o n f o r m a t . Each p a i r c o n s i s t s o f a 
f l o a t i n g p o i n t a r e a v a l u e ( i n the same u n i t s a s the Input mesh i n t e r v a l s ) , 
f o l l o w e d by a f i x e d p o i n t p l a n a r r e g i o n number. Each p l a n a r r e g i o n must be 
a s s i g n e d an a r e a . 

010009 

P r i n t e d p i c t u r e e d i t r e q u e s t f o r r e c t a n g u l a r and h e x a g o n a l g e o m e t r y . T h i s 
c a r d c o n t a i n s up to f i v e I n d i c a t o r s ( 0 / 1 = n o / y e s ) d e s i g n a t i n g p r i n t e d p i c t u r e s 
f o r : ( 1 ) f i n a l f i g u r e s , ( 2 ) p l a n a r r e g i o n s , ( 3 ) c h a n n e l s , ( 4 ) t r a c k s , and 
( 5 ) h e x a g o n a l a n g l e t r a n s f o r m a t i o n s . T h i s card i s d e l e t e d from c a s e to c a s e . 

01009S 

Card u s e d f o r o p t i o n a l l y s p e c i f y i n g s n b f i e l d s In r e q u e s t e d p i c t u r e e d i t s . 
V a l u e s o f S c o r r e s p o n d to the f o l l o w i n g p i c t u r e s : 

S= l f o r f i n a l f i g u r e s . 
S=2 f o r p l a n a r r e g i o n s . 
S=3 f o r c h a n n e l s . 
S=4 f o r t r a c k s . 
S=5 f o r h e x a g o n a l a n g l e t r a n s f o r m a t i o n . 

Data c o n s i s t s o f up to t e n t r i p l e t s . Each t r i p l e t c o n s i s t s of an 
a l p h a n u m e r i c t i t l e ( u p to 10 c h a r a c t e r s ) f o r the e d i t , f o l l o w e d by the f i r s t and 
l a s t d i g i t s ( c o u n t e d from r i g h t . t o l e f t ) d e s c r i b i n g the s u b f i e l d . Each s n b f i e l d 
must be from one to t h r e e d i g i t s . A p i c t u r e e d i t f o r t h i s type o f e d i t must 
have b e e n r e q u e s t e d on the 010009 c a r d . 

For the p l a n a r r e g i o n or f i n a l f i g u r e p i c t u r e ( w h i c h e v e r c o r r e s p o n d s to 
c o m p o s i t i o n s ) , I f the d i g i t s a r e s p e c i f i e d a s n e g a t i v e , a c o m p o s i t i o n p i c t u r e 
e d i t w i l l be p r o d u c e d . 

010200 

Card f o r r e q u e s t i n g d i s t o r t i o n i n d i c a t o r s i n q u a d r i l a t e r a l g e o m e t r y . T h i s 
c a r d c o n t a i n s a s i n g l e i t e m +-N d e s i g n a t i n g the l e v e l o f d i s t o r t i o n measure to 
be c a l c u l a t e d : 

N=l f o r c o u p l i n g d i s t a n c e s and r a t i o s . 
N=2 f o r mesh q u a d r i l a t e r a l d i s t o r t i o n . 
N=3 f o r a n g l e s and a n g l e r a t i o s . 
N=4 f o r t r i a n g l e a r e a r a t i o s . 

I f +N i s s p e c i f i e d a h i s t o g r a m o f the d i s t r i b u t i o n o f the i n d i c a t o r s w i l l be 
I n c l u d e d ; i f -N i s s p e c i f i e d the h i s t o g r a m i s o m i t t e d . 

010201 - 010299 
These c a r d s c o n t a i n r e q u e s t s f o r p l o t s or p r i n t e d p i c t u r e e d i t s i n 

q u a d r i l a t e r a l g e o m e t r y . Each c a r d c o n t a i n s one r e q u e s t f o r a p l o t o r p r i n t e d 
p i c t u r e . Each r e q u e s t c o n t a i n s from t h r e e to s e v e n Items as f o l l o w s : 

( 1 ) O p t i o n i s e i t h e r PRINT or PLOT. 
( 2 ) F i e l d i s one o f FIGURES, REGIONS, CHANNELS. TRACi^S, COHPS, 

— - FIG/REG,^ CHAN/TRACK, INTERFACES, MESH, or TWIST. 
( 3 ) Labe l o f f i g u r e fo be p r i i t e d ^ o r p l o t t e d 7 
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(4) First title word (up to 16 characters). 
(5) Second title word (up to 16 characters). 
(6) First decimal digit defining subfield to be used. 
(?) Second decimal digit defining subfield to be used. 

The first five items are alphanumeric; the last two items are integrers. The 
first three items must be present on all cards; the last four items may be 
defaulted. If items (4) and (5) are missing, the title of the edit will be item 
(2). If items (6) and (7) are missing, the entire field will be used. If any 
item is defaulted, all succeeding items on that card must be defaulted. t\T 

These cards need not be sequential. 
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11.1. HARMONY INPUT PREPARATION: NUCLIDE IDENTIFICATION DATA 
Three types of nuclide labels may be input to the program: (1) a numeric 

Identification, (2) the atomic weight associated with each nuclide, and (3) an 
alphanumeric identification associated with each nuclide. These three sets of 
labels are specified as follows: 

306661 - 366299 : numeric nuclide identifications 
366300 : Avogadro constant (optional) 

366361 - 366499 : nuclide atomic weights (optional) 
366561 - 366599 : alphanumeric nuclide identifications 

If a problem is depletable, the numeric and alphanumeric identifications are 
required. Further, if this data is in error the remainder of the HARMONY input 
data, is not checked for errors because much of the checking Involves the use of 
these id's. Details of each of these card series follows. 

Depletable problems require the following cards: 

^ r i c N ^ l i d e I D ' s 

366SSS, ID(1). ID(2), ... 
ID(1) i s a numeric nucl ide i d e n t i f i c a t i o n . These cards must conta in a 

l i s t of numeric nuc l ide i d e n t i f l eatIons ( i d ' s ) If the problem Is 

iS^i!i?re;alS!h '^lUl^ r.Kr ^^l^U*a^^rl^J"^^ 

^^^.^il^lTAl^ b?^:ri:;ier:f pr̂ 2ler?rbe*̂ :̂n-niied XLu? 
llrs^rei^^n::iie^:%rl'^;;''0S^,-!!!^?*^95.''' t*- "̂̂ *̂ '^t'" ^ 

The fo l lowing card i s opt iona l : 

Avogadro Constant 

300300, AVOCAD 

AVOGAD Is the Avogadro cons tant . This opt ional card may conta in one 
f l o a t i n g point value to override the de fau l t value of the Avogadro 
cons tant . The b u i l t - i n de fau l t value for t h i s constant Is 
.602252+24 and i s used on ly for opt ional e d i t i n g of nucl ide loadings 
in ki lograms. 

The fo l lowing cards are op t iona l : 

Atomic_Weeghts 

30OSSS, MEIGHTd). WEIGHT(2), . . . 

WEIGHT(1) is the atomic weight of a nuclide. These optional cards may contain 
floating point quantities which are tl» atomic weights of the 
nuclides. If present, these cards must contain exactly the same 
number of items as are present on the numeric nuclide identification 
cards. These atomic weights are assumed to be given in the same 
order as the numeric nuclide Id's. The default value for these 
^uantLtles Is^l.O jfor eaci nuclide, they ju-© jwed only for optional 



PDQ-8 REFERENCE MANUAL 11.1 (5/78) Page 2 
11. HARMONY INPUT PREPARATION 1. NUCLIDE IDENTIFICATION DATA 

editing of nuclide loadings in kilograms. The SSS sequence numbers 
are 301, 302 499. 

Depletable problems require the following cards: 

;i;;i;;;;:;icNucndeID's 
300SSS. NAME(1), NAME(2), ... 

NAME(I) i s an a lphanumeric n u c l i d e i d e n t i f i c a t i o n i These c a r d s must conta in 
a l i s t of a lphanumer ic n u c l i d e i d e n t i f i c a t i o n s ( i d ' s ) i f the problem 
i s d e p l e t a b l e . Such i d ' s a r e used by the program to l a b e l n u c l i d e 
d a t a . Each a lphanumer ic l a b e l i s from one to t en c h a r a c t e r s ; they 
a r e assumed to be g i v e n in the same o rde r as the numeric n u c l i d e 
i d ' s . The SSS sequence numbers a r e 5 0 1 , 502 599. 
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1 1 . 2 . HARMONY INPUT PREPARATION: NUCLIDE CHAIN DATA 

N u c l i d e c h a i n s a r e d e s c r i b e d b y g i v i n g , f o r e a c h c h a i n , a c o n t r o l card 
s p e c i f y i n g the number o f n u c l i d e s i n the c h a i n , the c h a i n type ( d e p l e t i o n or 
f i s s i o n p r o d u c t ) , and the maximum s u b i n t e r v a l l e n g t h f o r the c h a i n . Then, f o r 
e a c h n u c l i d e i n the c h a i n , the i d , form ( l i n e a r i z a t i o n i n d i c a t o r ) , and d e c a y 
f a c t o r a r e g i v e n , t h e s e a r e f o l l o w e d b y t r i p l e t s g i v i n g the c o u p l i n g t y p e . id 

icT?^!^*%hr??i:^ftc;up!TJg:?ioieTjre^:Usi^^dr?refcrcE^ir;ii';ba?i: 

L^:ilew!ii sp^^ial^r o'rd"e '̂i:ri:n It ^^^^TX^ i^^ih.si-^^'-^ -
Once the c h a i n d e s c r i p t i o n s have b e e n e s t a b l i s h e d , t h e r e must be a 

mechanism f o r d e t e r m i n i n g w h i c h n u c l i d e s w i l l appear t o g e t h e r i n a c o m p o o s t i o n . 
T h i s i s done i n two s t e p s b y ( 1 ) g i v i n g s e v e r a l l i s t s o f c h a i n s and t h e n by ( 2 ) 
a s s o c i a t i n g one o f t h e s e c h a i n l i s t s w i t h e a c h d e p l e t i n g c o m p o o s t i o n . 

A c h a i n l i s t i s m e r e l y a l i s t o f c h a i n numbers o f t h o s e c h a i n s wh ich are to 
be grouped t o g e t h e r . Each c h a i n l i s t i s checked f o r e r r o n e o u s d u p l i c a t i o n o f 
n u c l i d e s and f o r p r o p e r l i n e a r i z a t i o n o f c o m p l i c a t e d c h a i n s . A l i s t o f 
p e r m i s s i b l e n u c l i d e s c a n t h e n be p r e p a r e d f o r e a c h c h a i n l i s t . 

Through the c h a i n l i s t a s s i g n m e n t , e a c h c o m p o s i t i o n i s g i v e n a c h a i n l i s t 
number. Thus , a l i s t o f p e r m i s s a b l e n u c l i d e s i s a s s i g n e d to e a c h c o m p o o s t i o n . 
Any m e n t i o n o f a n u c l i d e i n a c o m p o s i t i o n , s u c h a s i n i t i a l c o n c e n t r a t i o n , 
m i c r o s c o p i c c r o s s s e c t i o n t a b l e , or i n t e r p o l a t i n g t a b l e , i s c h e c k e d a g a i n s t the 
l i s t o f n u c l i d e s a s s i g n e d to t h a t c o m p o s i t i o n . A s p e c i a l c h a i n l i s t number o f 
z e r o must be a s s i g n e d to a l l non - d e p l e t i n g c o m p o o s t i o n s . 

The s e c o n d c o n s e q u e n c e o f the c h a i n l i s t i s t h a t I t d e f i n e s the o r d e r i n 
w h i c h the d e p l e t i o n e q u a t i o n s a r e s o l v e d . T h i s r e l a t e s to the problem o f 
c a l c u l a t i n g the f i s s i o n y i e l d i n the f i s s i o n product c h a i n s ( s e e S e c t i o n 4 . 9 ) . 
A t h i r d c o n s e q u e n c e o f the c h a i n l i s t i s t h a t i t d e t e r m i n e s the number o f 
sub i n t e r v a l s ( t h e number o f t i n e s the c h a i n s w i l l be s o l v e d d u r i n g a t ime s t e p ) 
i n e a c h c o m p o o s t i o n . 

The f o l l o w i n g i s a b r i e f summary o f the input c a r d s used to s p e c i f y c h a i n 
d a t a : 

3 c c 0 6 6 : c h a i n c c c o n t r o l card 
3 c c n n l - 3ccnn9 : d e s c r i p t i o n o f n n - t h n u c l i d e i n c h a i n cc 
09LL61 - 69LL99 : c h a i n l i s t LL d e f i n i t i o n 
696661 - 696699 : c h a i n l i s t a s s i g n m e n t to c o m p o o s t i o n s 

A more d e t a i l e d d e s c r i p t i o n o f t h i s d a t a i s g i v e n b e l o w . 

For e a c h c h a i n c c = 0 1 , 0 2 9 9 : 

Chain C o n t r o l 

3 c c 6 6 6 , NUCLIDES, TYPE. MAXDT 

NUCLIDES i s the number o f n u c l i d e s i n c h a i n c c ; must be p o s i t i v e and no 

TYPE i s 1 i f a d e p l e t i o n c h a i n ( n o d i r e c t y i e l d t e r m ) , 2 i f a f i s s i o n 

^ T LV^;L":^HT %"e'i:otL'r!6iis?*?s(?hr:Li!eit TiVini^v'^TL'tL 
value i s f l o a t i n g p o i n t . 



PDlr-8 REFERENCE MANUAL 11.2 (5/78) Page 2 
11. HARMONY INPUT PREPARATION 2. NUCLIDE CHAIN DATA 

For each nuclide nn = 01, 02 15 in chain cc = 01, 02, . . . ( the nn 
indicates the order In which the nuclides occur in the chain): 

Nuc1Ide Parameters 

3ccnnl , ID(nn), FORM, DECAY 

ID(nn) i s the numeric id of the nn- th nuc l ide in the chain . 
FORM i s O if the nucl ide appears o n l y in t h i s chain in a chain l i s t . If 

the nucl ide appears in more than one chain in a chain l i s t : FORM i s 
O i f t h i s i s the f i r s t appearance In the chain cc ( s e e f i gures in 
S e c t i o n 4 . 7 ) ; FORM i s - 1 i f t h i s i s a d u p l i c a t i o n of an appearance 
in a previous chain; and FORM i s +1 If t h i s i s a p a r t i a l 
contr ibut ion to a previous appearance of the n u c l i d e . 

DECAY i s the decay constant for the nuc l ide in u n i t s of 1/seconds. This 

For each coupl ing to nucl ide nn In chain cc i 

Couplings 

3ccnnS, GOUPLING((), I D ( j ) , FRAGTION(J) 
COUPLING(J) i n d i c a t e s the type of coupl ing from nucl ide ID(j) to t h i s nuc l ide 

ID(J) i s the.numeric ID of the nuc l ide coupled t o . 
FRACTION(J) i s the f r a c t i o n of the coupl ing from nucl ide ID( j ) . This i s a 

f l o a t i n g point value between and inc luding 0 . 0 and 1.0 . 

If nn B 0 1 , the f i r s t nuc l ide In the chain , then COUPLING(j) = 1, 2 , 
or 3 i s not al lowed; COUPLlNC(j) » 4 means the third term i s 
d e l e t e d In Equation 4 . 7 . 1 ( I . e . dN/dt = Y or dN/dt = 0 ) , and In 

If nn i s greater than 0 1 , one t r i p l e t wi th COUPLIHG(J) » 1, 2 , or 3 
i s required and these s p e c i f y decay, capture, or decay plus capture 
r e s p e c t i v e l y and in t h i s case ID(j) = ID(nn-n . FRACrriON(j) i s a 
f l o a t i n g point quant i ty which must be p o s i t i v e and Is the term 
"alpha" In Equation 4 . 7 . 1 . COUPLING(j) » 4 Is not a l lowed. and 
COUPLING(J) = 5 i s allowed i f TYPE '̂  2 . 

For any nn, i f TYPE - 2 , use COUPLING(j) = 5 to s p e c i f y y i e l d term 
for f i s s i o n products . In t h i s c a s e , ID(j) Is the numeric id of a 
f i s s i ) e n u c l i d e , and FRACTIONj) i s the f r a c t i o n a l y i e l d of nucl ide 

Note that S <= 2 , 3 9; supply as many t r i p l e t s per card as desIred and 
then sequence a d d i t i o n a l cards us ing the 8 in the card number. 

For each chain l i s t LL - 0 1 , 02 , . . . , 99 : 

Chain L i s t D e f i n i t i o n 

e9LLSS, CHAIN((), CHAIN(2), . . . 
CHAIN(l) Is the chain number of the i - t h chain in chain l i s t LL. SS i i 
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s e q u e n c e number 0 1 , 0 2 , . . . , 9 9 f o r e a c h LL. The c h a i n s i n e a c h 
l i s t must be c o n s i s t e n t a s d e s c r i b e d in S e c t i o n 4 . 9 . The o r d e r i n 
i d i l c h the c h a i n s a r e l i s t e d d e t e r m i n e s the o r d e r i n w h i c h t h e y a r e 
to be s o l v e d . 

Chain l i s t to c o m p o s 1 1 i o n as sgrnment d a t a : 

Chain L i s t Ass ignment 

0 9 0 0 S S , C - L I S T ( 1 ) , COMP(l), C - L I S T ( 2 ) , C0MP(2), . . . 

C - L l S T ( i ) i s one o f the l i s t s LL g i v e n b y the 09LLSS c a r d s , or z e r o ( w h i c h 
r e p r e s e n t s a non - d e p l e t a b l e c o m p o o s t i o n ) . 

COMP(I) i s a c o m p o s i t i o n number; t h e y must be In s t r i c t l y i n c r e a s i n g o r d e r 
and the l a s t s u c h number l i s t e d must be MAXCMP ( s e e S e c t i o n 9 . 1 ) . 
T h i s form o f d a t a input i s c a l l e d " s e q u e n t i a l e x p a n s i o n * ( s e e 
S e c t i o n 8 . 2 ) . 

SS i s s e q u e n t i a l from 01 9 9 . 
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11.3. HARMONY INPUT PREPARATION: NUCLIDE CONCENTRATION DATA 
present even if an Input File 

d. T*K= r<;ason lOr this is that such card input 
for mask tables in which the Independent 

Card input concentrations are required to be 
Manager concentration file is used. The reason for this is that such card input 
is used for replacement data and 
variable is a fraction value. 

Sets of concentration values and associated nuclide id's are specified 
along with lists of compositions to which such sets are to be assigned. 'In 
addition, the ability exists to specify that the concentrations in a set of 
cosmos it ions be some user supplied factor times the concentrations in another 
compos it ion. 

The initial nuclide concentrations must be 
composition. They are required to be consi 
composition in that no concentrations may be 
compositions and values may be given only for 
been assigned to a depletable composition. This 
that each nuclide for which an Initial concentrat 
one chain description which in turn appears 
concentrations which are not specified by the us 
of zero. 

included for each depletable 
stent with the chain list per 
given for non - depletable 
permissible nuclides that have 
establishes the requirement 

ion is given appear in at least 
in a chain list. Initial 

er are assigned a default value 

Briefly, the cards used in supplying initial concentrations are as follows: 
10XXX0 : list of composition numbers 

lOXXXl - 10KKX9 : list of (id, concentration value) pairs 
14CCC1 - 14CCC9 : assigns modified concentrations 

A more detailed description of these cards is given below. 
After all 10XSS and 14CCCS cards have been processed, each depletable 

composition must have been assigrned a concentration (even if zero) for at least 
one nuclide. In any composition, nuclides Tor which no concentration values 
have been input are automatically assigned a concentration of zero. 

For any XXX from 001 to 999: 

Coii«>osition List 

16XXX6, C(l), +-C(2), +-C(3), ... 
C(i) is a composition number. This list of compositions will be assigned 

the nuclide concentrations contained on cards 10XX3S. The form 
C(i) , -Cd+1) implies composition numbers C(i), C(i)+1, C(i)+2, 
... , C(i+1). 

For any XXX from 6 6 1 to 999: 

Nuclide Concentrations 

10XXXS, ID(1), N(l), ID(2), N(2), ... 
ID(1) i s a numeric nuc l ide id . 
N(i ) i s a f l o a t i n g point number d e n s i t y represent ing 

(per barn-cm) of nuc l ide I D ( i ) . 
the concentrat ion 

For each XXX present , use sequence numbers 1, 2 9 i f 

^oSritions nsted : r i : ^ r ! 6 ^ 6 . If'card ISSxXOaIs'Sof p r l s ^ 
the concentrat ion va lues are ass igned to the s i n g l e composit ion XXX. 

s i , * ^ ^ 155 iSf^/^-r/brmrs^is.iVt^^hfrthS^i^iijr; 
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kind of overlay of the data if the composition lists overlap. 

Optionally, for each composition CCC: 

14CCCS, FACTOR, C(1), +-C(2), +-G(3), ... 
FACTOR is a floating point constant which is used to multiply the 

concentrations from composition CCC and apply them to the 
compositions listed for all nuclides not already assigned a value in 
those compositions. 

C( 1) is a composition number. The form C(i), -G(l+1) implies composition 
numbers C(i), C(i)+1, C(i)+2, ... , C(l+1). 

For each conq>osition CCC use sequence numbers 1, 2, ... , 9 if required. This 
card data is processed AFTER the 16XXXS card data but cannot overlay any 
concentration input specified on those cards. That is, this data can be used to 
define only concentrations which have not been specified on cards lOXXJ&S or on a 
previous 14CCCS card. 

If an error is detected in any nuclide concentration input, a card Input 
concentration edit by composition is performed even if not requested. 
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1 1 . 4 . HARMONY INPUT PREPARATION: CONCENTRATION REPLACEMENT DATA 

To r e p l a c e n o n - u n i f o r m n u c l i d e c o n c e n t r a t i o n s w i t h u n i f o r m c o n c e n t r a t i o n s , 
a l i s t of c o m p o s i t i o n s must be g i v e n . T h i s a c t i o n w i l l c a u s e a l l n u c l i d e s i n 
s u c h c o m p o s i t o n s t o be r e p l a c e d w i t h c a r d i n p u t n u c l i d e c o n c e n t r a t i o n s . I f 
s e l e c t e d n u c l i d e s o n l y a r e t o b e r e p l a c e d , a l i s t of s u c h n u c l i d e s must be g i v e n 
i n a d d i t i o n t o t h e l i s t of c o m p o s i t i o n s . The f o l l o w i n g c a r d s a r e u s e d i n t h e 
r e p l a c e m e n t p r o c e s s : 

616101 - 616109 
616171 - 616179 srrari,:.l<':j.',:s^ir" 

The program has no e x p l i c i t "swi tch" which causes rep lacement to be done; i t i s 
s imply the pre sence of t hese l i s t s p e c i f i c a t i o n s which cause the program to 
perform the rep lacement p r o c e s s . To p r o t e c t a g a i n s t a c c i d e n t a l r e p l a c e m e n t , 

g;p:r̂ r̂mfd frrm :sr-ra*r?rrJ^i:*:' 'z''taTi:Vf\tti\f "^ttin-.rrrt.iiit 

F o r S = 1, 2 , 9 : 

C o m p o o i t i o n L i s t 

O101OS, C ( l ) , + - C ( 2 ) , + - C ( 3 ) , 

C( i) is a composition number. The form C(i). -Ci--i-l) implies composition 
numbers C( 1) , C(i)'fl, C( i)-t-2, ... , Cd+1). These compositions are 
those for which nuclide concentration replacement is to be done. 
These cards are optional and are deleted from case to case. 

For S = 1, 2, 9: 

Nuclide List 

01017S, ID(1), ID(2), ... 
ID(i) is a numeric nuclide identification. These id's identify nuclides 

whose concentrations are to be replaced by card input nuclide 
concentrations in compositions specified on cards 0101OS. These 
cards are optional and are deleted from case to case. 

■ • • 
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1 1 . 5 . HARMONY INPUT PREPARATION: CROSS SECTION DATA 

The s p e c i f i c a t i o n o f the c o l l e c t i o n o f c r o s s s e c t i o n t a b l e s to be u s e d i n 
e a c h c o m p o s i t i o n i s done i n two s t e p s . F i r s t a b a s i c t a b l e s e t , which i s s i m p l y 
a c o l l e c t i o n o f t a b l e s , i s a s s i g n e d to e a c h c o m p o s i t i o n . Then o p t i o n a l l y , 
t h r o u g h the t a b l e o v e r l a y i n p u t , t a b l e s from o t h e r t a b l e s e t s may be borrowed 
f o r u s e i n a c o m p o s i t i o n e i t h e r to add to the l i s t o f t a b l e s or to r e p l a c e a 
t a b l e a l r e a d y a l i g n e d f o r u s e i n t h a t c o m p o s i t i o n . The d e s i r e d e f f e c t o f t h e s e 
a d d i t i o n s and d e l e t i o n s i s to r e d u c e the t o t a l number o f t a b l e s In u s e i n a 
p a r t i c u l a r prob lem to a v o i d e x c e e d i n g the s t o r a g e a v a i l a b l e i n the prob lem. 
When the t o t a l number o f t a b l e s i s s m a l l t h e r e i s p r o b a b l y no need f o r the t a b l e 
o v e r l a y i n p u t . Another u s e o f the o v e r l a y i s to c o r r e c t c e r t a i n t a b l e s i n a 

: r * e r r : * pi:\"^:?gL^da?oa?^rL*m^ospitf:rand'^: tlro'ntnl''Mlurs rlXllT'^r 
one from c a r d s by the o v e r l a y . 

Tab le s e t s may be p r o v i d e d to the program v i a an input F i l e 
s e t f i l e , t a b l e s e t c a r d i n p u t , or b o t h . 

Manager t a b l e 

A t a b l e s e t s u p p l i e d on c a r d s i n c l u d e s a numeric and o p t i o n a l a lphanumer ic 
ID, and may c o n t a i n a MASTER MACRO t a b l e , MASTER MICRO t a b l e s , and MASK-FUNCTION 
(INTERPOLATING) t a b l e r e f e r e n c e s . FUNCmON t a b l e s and MASK t a b l e s a r e s p e c i f i e d 

a s s i g n m e n t c a r d s . 

the 
B r i e f l y , the c a r d d a t a u s e d 

f o l l o w i n g : 
to s p e c i f y t a b l e s e t i n f o r m a t i o n c o n s i s t s o f 

616181 -
116001 -
111061 -
112g61 -
113g61 -
114g61 -
115g61 -
12mmjl -
12mm91 -
13fffl -

iv.&\ 

016189 
116699 
111699 
Ills?? 
114i99 
II5I99 
1 2 m ^ 6 
\2Zu9 
12^99 

IVtiil 
JJt*S!i 
Vtltll 

l i s t o f n o n - c o u n t i n g n u c l i d e ID's 
t a b l e s e t a s s i g n m e n t to c o m p o o s t i o n s 
MASTER MACRO t a b l e o v e r l a y 
MASTER MICRO t a b l e o v e r l a y , group g 
INTERPOLATING MACRO t a b l e o v e r l a y , group g 
INTERPOLATING MICRO t a b l e o v e r l a y , group g 
INTERPOLATING G t a b l e o v e r l a y , group g 
MASK mm t a b l e c o n t r o l 
MASK mm t a b l e v a l u e s f o r d i m e n s i o n j s I , 2 , 3 
MASK mm o f f - d i a g o n a l i n d i c e s 
FUNCTION f f f t a b l e c o n t r o l 
FUNCTION f f f t a b l e v a l u e s 
numeric t a b l e s e t ID 
a l p h a n u m e r i c t a b l e s e t ID 
MASTER MACRO t a b l e , group g p a r t 
MASTER MICRO t a b l e , group g 
MASK-FUNCTION t a b l e a s s i g n m e n t 

D e t a i l s o f e a c h o f t h e s e c a r d s e r i e s f o l l o w s . 

The f o l l o w i n g c a r d s a r e o p t i o n a l : 

Non-Count ing N u c 1 i d e s 

O i e 1 8 S , I D ( 1 ) , I D ( 2 ) . . . . 

ID(1) i s a numeric n u c l i d e i d e n t i f i c a t i o n . N u c l i d e s ment ioned i n t h i s 
l i s t do n o t c o n t r i b u t e d i r e c t l y to the c a l c u l a t e d m a c r o s c o p i c c r o s s 
s e c t i o n s but may be u s e d a s Independent v a r i a b l e s i n I n t e r p o l a t i o n s . 
T h i s c a p a b i l i t y t o i g n o r e a n u c l i d e when c a l c u l a t i n g m a c r o s c o p i c 
c r o s s s e c t i o n s i s most u s e f u l f o r dummy n u c l i d e s s u c h a s c o u n t e r s 
w h i c h may r e q u i r e a n o n - z e r o m i c r o s c o p i c c r o s s s e c t i o n i n o r d e r to 
" d e p l e t e * p r o p e r l y . 

^bese^ c a r d s ar«^ s e q u e n c e d S =̂  14 4 U . ^. 9 , 

file:///2Zu9
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The f o l l o w i n g c a r d s a r e r e q u i r e d i n e v e r y p r o b l e m : 

Table S e t Ass ignment to C o m p o s s t i o n s 

1100SS, T ( l ) , C ( l ) , T ( 2 ) , C ( 2 ) , . . . 

T(i) is a numeric table set ID. 
C(1) is a composition number. This data is in sequential expansion 

format so that table set T(i) is assigned to compositions C(i-l) 
through G(i) with C(0) understood to be zero. These composition 
numbers must be in strictly increasing order with the last value 
equal to MAXCMP (see Section 9.1). 

These cards are sequenced SS = 01, 02 99. 

The following cards are optional: 

MASTER MACRO Table Overlay 

11loss, T, C(l), -C(2), C(3), -C(4), ... 
T is a numeric table set ID. The MASTER MACRO table from this table 

set is to be overlayed in the specified compositions. 
C(i) is a composition number. The identified MASTER MACRO table will be 

overlayed in compositions C(1) through C(2), compositions C(3) 
through C(4), etc. The composition numbers must be specified as 
plus - minus pairs even if C(1) = G(i+1). The composition numbers 
in absolute value must be in non - decreasing order. 

If the table set ID is zero, the identified table is to be deleted from the 
specifed compositions. These cards are sequenced SS - 01, 02, ... , 99. Each 
card represents one overlay. Do NOT continue onto a second card with a single 
overlay, and do NOT begin a second overlay on a single card. 

The following cards are optional: 

MASTER MICRO Table Overlay 

112gSS, T, ID(1). ... , ID(n), C(l), -C(2), C(3), -C(4), ... 
T i s a numeric t a b l e s e t ID. The MASTER MICRO t a b l e s i n group g f o r 

the I d e n t i f i e d n u c l i d e s from t h i s t a b l e s e t are to be o v e r l a y e d i n 
the s p e c i f i e d c o m p o o s t i o n s . 

I D ( i ) i s a numeric n u c l i d e ID and i d e n t i f i e s a MASTER MICRO t a b l e f o r s u c h 
a n u c l 1 a, 6 1.11 group g . 

C(1) i s a c o m p o s i t i o n number. The i d e n t i f i e d MASTER MICRO t a b l e s w i l l be 
o v e r l a y e d i n c o m p o s i t i o n s C(1) t h r o u g h C ( 2 ) , c o m p o s i t i o n s C(3) 

XT^- ViLs%l\rs'^lerTrcl\l''= UT^IK ^rcoSost?t:i"uibers 
i n a b s o l u t e v a l u e must be i n non - d e c r e a s i n g o r d e r . 

I f the t a b l e s e t ID i s z e r o , the i d e n t i f i e d t a b l e s a r e to be d e l e t e d from the 
s p e c i f e d c o m p o s i t i o n s . These c a r d s are s e q u e n c e d SS = 0 1 , 0 2 , . . . , 9 9 f o r e a c h 
g^onp g . Each card r e p r e s e n t s one o v e r l a y . Do NOT c o n t i n u e o n t o a s e c o n d c a r d 
w i t h a s i n g l e o v e r l a y , and do NOT b e g i n a s e c o n d o v e r l a y on a s i n g l e c a r d . 
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The HoRlowYng carTs aPA optiNnal: 

TNTERPOLATING MACRO Taele Overaay 

113gSS, T, t, C(1). -C(2), C(3), -C(4). ... 
T is a numeric table set ID. The INTEIRPOLATING MACRO table with type 

t from this table set is to be overlayed in the specified 
compositiinss 

t is the type of cross section (see Table 11.5.1). 
C(i) is a composition number. The Identified INTERPOLATING MACRO table 

will be overlayed in compositions C(1) through C(2), compositions 
C(3) through C(4), etc. The composition numbers must be specified 
as plus - minus pairs even if C(i) = C(1+1). The composition 
numbers in absolute value must be in non - decreasing order. 

If the table set ID is zero, the identified table is to be deleted from the 
specifed compositions. These cards are sequenced SS = 01, 02, ... , 99 for each 
group g. Each card represents one overlay. Do NOT continue onto a second card 
with a single overlay, and do NOT begin a second overlay on a single card. 

The following cards are optional: 

INTERPOLATING MICRO Table Overlay 

114gSS, T, t, ID(1) ID(n), C(1), -C(2), C(3), -C(4), ... 
T is a numeric table set ID. The INTERPOLATING MICRO tables with type 

t in group g for the identified nuclides from this table set are to 
be overlayed in the specified compositions. < 

t is the type of cross section (see Table 11.5.1). 
ID(i) is a numeric nuclide ID and identifies an INTERPOLATING MICRO table 

with type t for such a nuclide in group g. 
C(i) is a composition number. The identified INTERPOLATING MICRO tables 

will be overlayed in compositions C(1) through C(2), compositions 
C(3) through C(4), etc. The composition numbers must be specified 
as plus - minus pairs even if C(i) = C(i+1). The composition 
numbers in absolute value must be in non - decreasing order. 

If the table set ID is zero, the identified tables are to be deleted from the 
specifed compositions. These cards are sequenced SS = 01, 02, ... , 99 for each 
group g. Elach card represents one overlay. Do NOT continue onto a second card 
with a single overlay, and do NOT begin a second overlay on a single card. 

The following cards are optional: 

INTERPOLATING SELF SHIELDING Table Overlay 

H15gSS, T, t, ID(1) ID(n), C(l). -C(2), C(3), -C(4), ... 
T is a numeric table set ID. The INTERPOLATING SELF SHIELDING (G) 

tables with type t in group g for the identified nuclides from this 
table set are to be overlayed in the specified compositions. 

t is the type of self shielding (see Table 11.5.1). 
ID(i) is a numeric nuclide ID and identifies an INTERPOLATING SELF 

SHIELDING table with type t for such a nuclide in group g. 
C(i) is a composition number. Hie identified INTERPOLATING SELF 

SHIELDING tables will be overlayed in compositions C(1) through 
C(2), compositions C(3) through C(4), etc. The composition numbers 
inus l be specified as plus ̂  minus^ p^lrw^ even If̂  Cf+) = €(̂ .+ 1)^ The 
composition numbers in absolute value must be in non - decreasing 
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order. 
If the table set ID is zero, the identified tables are to be deleted from the 
specifed compositions. These cards are seq 
gproup g. Each card represents one overlay. 
with a single overlay, and do NOT begin a second overlay on a single card. 

iA tables are to be deleted from the 
^quenced SS - 01, 02 99 for each 
r. Do NOT continue onto a second card 

The following card is optional: 

^r^MeControl 
12mm66, DIM. ND, NOD 

DIM i s the d imens iona l i ty of mask mm; that i s , there are DIM 
independent v a r i a b l e s in the mask. This must be 1, 2 , or 3 . 

ND i s the number of diagonal e n t r i e s , n e c e s s a r i l y p o s i t i v e . 
NOD i s the number of of f diagonal e n t r i e s . This number may be zero or 

p o s i t i v e . 

The mm Is the mask number and can take on any value 0 1 , 02 99 , not 
n e c e s s a r i l y s e q u e n t i a l . 

The fo l lowing cards are o p t i o n a l : 

MASK Diagonal Values 

12mmjS, ID, N/F, N ( l ) , N(2) N(ND) 
ID i s the numeric nucl ide ID of the j - t h independent v a r i a b l e . 

N/F i s the indicator of whether the number d e n s i t y i t s e l f Is to be used 
as the independent var iab le (N/F=6) or the f r a c t i o n remaining i s to 

N(1) i l X % - V ^ l « f T ? S : " j - I S ' l n S i ; e i S e r t ' l ; r l a b l e . This value is 
Ji^cr ISfd, KLr ihe^rei; i ies'^LSt ^b^'Tn'^trf^^trdel^els li^ ordSr!"* 

des ignat ion in the 12mm9S cards . 

The mm Is the mask number and can take on any value 0 1 , 02 99 , not 
n e c e s s a r i l y s e q u e n t i a l . 

The fo l lowing cards are o p t i o n a l : 

MASK Off Diagonal Indices 

12mm9S, 1 (1 ) , J( 1 ) , . . . , KNOD) , J(NOD) • 2-D mask 

12mm9S, 1 (1 ) , J( 1) , K ( l ) , . . . , KNOD), J(NOD), K(NOD) • 3-D mask 

1(1) i s the index or p o s i t i o n of the j - 1 independent var iable s p e c i f i e d 
on cards 12mmlS^ which Is to be used as the value of the j - 1 

J ( i ) i s the index or p o s i t i o n of the j=2 independent var iable s p e c i f i e d 
on cards 12mm2S which i s to be used as the value of the j - 2 
independent var iab le for the I - t h of f -deagonal va lue . 
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i n d e p e n d e n t v a r i a b l e f o r the 1 - t h o f f - d i a g o n a l v a l u e . 

T h i s d a t a i s to be i n c l u d e d i f and o n l y i f NOD I s n o n - z e r o . 

The mm i s the mask number and c a n take on any v a l u e 0 1 , 0 2 . . . . , 9 9 , n o t 
n e c e s s a r i l y s e q u e n t i a l . These c a r d s a r e s e q u e n c e d S = 1, 2 9 f o r e a c h 
mask mm. 
Each p a i r In a 2 -D mask and e a c h t r i p l e t In a 3 -D mask must r e p r e s e n t a "proper" 
e n t r y ( s e e S e c t i o n 4 . 5 ) . T h i s i m p l i e s t h a t , f o r a 2 -D mask, I ( l ) = J ( i ) i s not 
t r u e f o r any 1=1 NOD; f o r a 3-D mask, I( 1)= J( 1)=K( 1) i s not t rue f o r any 
1=1,...,NOD. 

V i s u a l i z e a two - d i m e n s i o n a l mask a s a m a t r i x o f e l e m e n t s w i t h the d i a g o n a l s o f 
the mask a p p e a r i n g a s the d i a g o n a l o f the m a t r i x w i t h the J - 1 v a r i a b l e a p p e a r i n g 
a s the row ( I ) l a b e l and t h e j = 2 v a r i a b l e a s the column ( J ) l a b e l . Then 
o f f - d i a g o n a l e n t r i e s c a n be l o c a t e d by g i v i n g the row number f o l l o w e d by the 
column number o f the m a t r i x p o s i t i o n o f the e n t r y . Each o f f - d i a g o n a l e n t r y w i l l 
be d e s c r i b e d b y a d o u b l e t i f the t a b l e i s two - d i m e n s i o n a l or a t r i p l e t i f the 
t a b l e i s t h r e e - d i m e n s i o n a l . That I s , f o r the n - t h o f f - d i a g o n a l e n t r y g i v e the 
l o c a t i o n f i r s t f o r the J = l v a r i a b l e , t h e n f o r the j = 2 v a r i a b l e , t h e n f o r t h e J=3 
v a r i a b l e . For J = l , the numbers must be n o n d e c r e a s i n g ; i . e . , I ( n ) must be 
g r e a t e r than or e q u a l to I ( n - l ) f o r n=2 NOD. A l l o f the o f f - d i a g o n a l 
e n t r i e s c o r r e s p o n d i n g to the f i r s t v a l u e o f the J = l v a r i a b l e must be g i v e n 
f i r s t ? t t e n a l l o f the o f f - d i a g o n a l e n t r i e s c o r r e s p o n d i n g to the s e c o n d v a l u e o f 

For e x a m p l e , c o n s i d e r a 2 -D mask r e p r e s e n t e d b y the f o l i o w i n g f i g u r e where x ' s 
i n d i c a t e the e n t r i e s u s e d and o ' s i n d i c a t e p o s i t i o n s not u s e d . The main 
i n d e p e n d e n t v a r i a b l e i s l a b e l l e d 235 and u s e s N ( t ) / N ( 0 ) , the s e c o n d independent 
v a r i a b l e i s l a b e l l e d 2 3 8 and u s e s N ( t ) . 

2 3 8 ( j = 2 ) 

. 0 2 . 0 5 . 0 3 . 0 1 

1 .0 X X o X 

( J = l ) 
0 . 8 

0 . 6 

o 

o 

X 

o 

o 

X 

o 

o 

0 . 4 o X o X 

The sample mask shown may be s p e c i f i e d w i t h c a r d input a s f o l l o w s : 

12mu66, 2 , 4 , 3 • 2 - D , 4 d i a g o n a l s , 3 o f f d i a g o n a l s 

12mmll, 2 3 5 , 1, 1+1, 8 + 0 . 6+0 S j = l d i a g o n a l v a l u e s 

12mml2, 4+0 * J - 1 d i a g o n a l v a l u e s c o n t ' d 

12mm21, 2 3 8 , 0 , 2 - 1 , 5 - 1 . 3 - 1 . 1-1 • J=2 d i a g o n a l v a l u e s 

12mm91, 1. 2 , 1 . 4 , 4 , 2 t o f f d i a g o n a l i n d i c e s 

o r , the l a s t c a r d c o u l d b e : 

12mm91, 1. 4 , 1, 2 . 4 , 2 • a l t e r n a t e o f f d i a g o n a l i n d i c e s 
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The following cards are optional: 

13fff0, k, ID, t, g, o, f, id), td), i(2), t(2), ... 
k is the general type of quantity represented as follows: 
k=3 means MACRO, 
k=4 means MICRO, 
k=5 means SELF SHIELDING. 

ID is the numeric nuclide ID, zero if k=3. 
t is the type of cross section (see Table 11.5.1). 
g is the group number. 
o is the order of interpolation (1,2,3,4, or 5). 
f is 0 if the function Itself is to be interpolated, f is 1 if the 

inverse of the function is to be interpolated. 
Kn), t(n) are (id, type) pairs. When k==5 ONLY, the function table can be used 

to represent SELF SHIELDING for several different (id. type) 
combinations for the same group. In this case, the additional pairs 
of values of nuclide ID 1 and type t are listed following f as shown 
above. 

The f f f i s the funct ion table number and can take on any value 001, 002 
999, not n e c e s s a r i l y s e q u e n t i a l . 

The fo l lowing cards are o p t i o n a l : 

FUNCTION Diagonal Values 

13ff fS , F d ) , F ( 2 ) , . . . , F(ND) 

F(1) Uti^.i-^ ^?sri:b"-^Vii^^furis 71!:lt?ig^oIn?. ttte'it^r^ 
- L s - ^ r t X - l i J u J ^ t n - l S fi:roider*Js t i f itag^^l L^k I^rli^!' 

JilTtiT/dUV. ^l^^^'aik ^;an-t;k: 'II Tn^ t^1L HI, 0OI^..!" 9̂ 1, iJl ir^^ssariirsequentT;;!. 

The fo l lowing cards are o p t i o n a l : 

FUNCTION Off Diagonal Values 

1 3 f f f s , F d ) , F(2) F(NOD) 

This data i s to be included i f and only i f NOD i s non-zero. 

For each table f f f . continue the sequence numbering s=S+l 9 where S i s the 

}rt.:r?:s!: .:sr..rsJn ::,.'""::"iy'"«l̂ "°sii,"iar-..'̂  %:s ^, 
n e c e s s a r i l y s e q u e n t i a l . 

^^^^ta^Zei^l^ lZi\i^'\itLrllVf(lL^frolijL:Tdn'\s Tn^^r^^iate iSh i? 
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the c r o s s s e c t i o n v a l u e s , n o t the i n v e r s e v a l u e s , are a v a i l a b l e i n the t a b l e . 
The program a u t o m a t i c a l l y p r o v i d e s the i n v e r s e s i n t h i s c a s e . 

The f o l l o w i n g c a r d s are r e q u i r e d : 

Table S e t Numeric I d e n t t f i c a t i o n 

4 t t 0 0 0 , T 

T is the numeric table set ID of the table set data with subserles 
number tt. T must be greater than zero and less than 65535. 

The tt in the card number differentiates the table set input. That is, all data 
associated with a single table set has the same subserles tt. The value of tt 
can take on any value of 01, 02, ... , 99, not necessarily sequential. 

The following cards are optional: 

; ;Me i ;r i ip ; ;nu^; ic"H^TTd;;uon 

4tt0Ol, TSNAME 
TSNAME is the optional alphanumeric name of the table set data with 

subserles number tt. Any number of alphanumeric words may appear on 
this card but only the first four words (40 characters) are used. 
This name is used only in the optional editing of HARMONY input data 
to identify the table sets used. 

The following cards are optional: 

4ttg0O, D, A, R, F, K 
D i s the d i f f u s i o n c o n s t a n t f o r group g in the MASTER MACRO t a b l e for 

is^igi^S'to rLpYitabir5ompi:ui:s!*ihist:;tryI;s t^sSde t r i: 
the m a c r o s c o p i c t r a n s p o r t c r o s s s e c t i o n (SIGMA TR) i n s t e a d . T h i s 
v a l u e i s f l o a t i n g p o i n t . 

A i s the m a c r o s c o p i c a b s o r p t i o n c r o s s s e c t i o n f o r group g (SIGMA A) . 
T h i s v a l u e i s f l o a t i n g p o i n t . 

R i s the m a c r o s c o p i c removal c r o s s s e c t i o n f o r group g (SIGMA R) . 
T h i s v a l u e i s f l o a t i n g p o i n t . 

F i s the m a c r o s c o p i c s o u r c e f i s s i o n c r o s s s e c t i o n f o r group g (NU 
SIGAS F K ' ^ i r ; ^ i ; e irfioati^g ;;rnt. 
iiG^^r-^si^^i^iS:^^ Ji::;^Sgcpn^t-Kir^e;«;croscopT^power f i ss ion cross section for g^oup g (KAPPA 

I f g I s one o f two thermal g r o u p s , the o r d e r o f t h i s d a t a i s : D d ) , D ( 2 ) , 
S I C M A d ) , SIGHAi2) , F, K, REM ( t h e term which m u l t i p l i e s the e p l t h e r m a l R to 
o b t a i n a n e f f e c t i v e removal c r o s s s e c t i o n ) , a l l f l o a t i n g p o i n t . A g a i n , i f the 
t a b l e s e t i s a s s i g n e d to a d e p l e t a b l e c o m p o s i t i o n , the D d ) and D(2) a r e assumed 
to be SIGMA T R d ) , and SIGMA TR(2) r e s p e c t i v e l y . 

If the f i s s i o n c r o s s s e c t i o n s (F ,K) a r e z e r o , t h e y may be o m i t t e d but t h e y must 
e i t h e r be p r e s e n t or o m i t t e d from e a c h group f o r a g i v e n t a b l e s e t . That i s , 
EITHER e a c h group must c o n t a i n the f i s s i o n c r o s s s e c t i o n s OR a l l groups must not 
c o n t a i n the f I s s l e n c r o s s see^t^ions. 
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If any one g r o u p g i s p r e s e n t , a l l groups must be p r e s e n t . 

Note t h a t m a c r o s c o p i c KAPPA SIGMA F a r e n o t i n c l u d e d i n the power 
r e n o r m a l l z a t i o n c a l c u l a t i o n s d u r i n g d e p l e t i o n ( s e e S e c t i o n 4 . 7 ) . 

The f o l l o w i n g c a r d s a r e o p t i o n a l : 

MASTER MICRO Table V a l u e s 

4 t t g S S , 1, t r , a , r , f. nu , kappa 

i i s the numeric n u c l i d e ID >diich i d e n t i f i e s the n u c l i d e a s s o c i a t e d 
w i t h t h i s MASTER MICRO t a b l e In g r o u p g f o r the t a b l e s e t w i t h 
s u b s e r l e s number t t . 

t r i s the m i c r o s c o p i c t r a n s p o r t c r o s s s e c t i o n f o r n u c l i d e 1 i n group g . 
T h i s v a l u e i s f l o a t i n g p o i n t , 

a i s the m i c r o s c o p i c a b s o r p t i o n c r o s s s e c t i o n f o r n u c l i d e 1 In g^oup 
g . T h i s v a l u e i s f l o a t i n g p o i n t , 

r i s the m i c r o s c o p i c removal c r o s s s e c t i o n f o r n u c l i d e i i n g^oup g . 
T h i s v a l u e i s f l o a t i n g p o i n t , 

f i s the m i c r o s c o p i c f i s s i o n c r o s s s e c t i o n f o r n u c l i d e i i n g^oup g . 
T h i s v a l u e i s f l o a t i n g p o i n t , 

nu i s the a v e r a g e number o f n e u t r o n s produced p e r f i s s i o n f o r n u c l i d e 1 
i n group g . T h i s v a l u e i s f l o a t i n g p o i n t , 

kappa i s the e n e r g y r e l e a s e d per f i s s i o n ( w a t t - s e c / f i s s i o n ) f o r n u c l i d e 1 
i n group g . T h i s v a l u e i s f l o a t i n g p o i n t . 

If g i s one o f two thermal g r o u p s , the o r d e r o f t h i s d a t a a f t e r the ID i s : 
t r d ) , t r ( 2 ) , a d ) , a ( 2 ) , f, nu, kappa , a l l f l o a t i n g p o i n t . 

For t h e s e t a b l e s , the v a r i o u s g r o u p s g need n o t be c o n s i s t e n t i n the i n c l u s i o n 
or o m i s s i o n o f the f i s s i o n terms ( f , n u , k a p p a ) . That I s , t h e y may be i n c l u d e d o r 
o m i t t e d i n a n y group Independent o f whether t h e y a r e Inc luded i n o t h e r g r o u p s . 

Not a l l groups need be p r e s e n t . 

Each card c o n t a i n s one t a b l e f o r one group g . The c a r d s a r e s e q u e n c e d f o r e a c h 
group w i t h SS = 0 1 , 0 2 9 9 . 

The f o l l o w i n g c a r d s a r e o p t i o n a l : 

MASK-FUNCTION Tab le Ass ignment 

4 t t 6 S S , mm, f f f d ) , f f f ( 2 ) , . . . 

mm i s a mask number a s s o c i a t e d w i t h f u n c t i o n t a b l e s f f f d ) to be 
i n c l u d e d In the t a b l e s e t w i t h s u b s e r l e s number t t . 

f f f d ) i s a f u n c t i o n t a b l e to be a s s o c i a t e d w i t h mask mm and i n c l u d e d In 
t h e t a b l e s e t w i t h s u b s e r l e s nnmber t t . 

Each card i n the s e q u e n c e SS = 0 1 . 0 2 99 c o n t a i n s one mask and s e v e r a l 
f u n c t i o n t a b l e numbers . 

The s p e c i f i c a t i o n o f the f u n c t i o n t a b l e i t s e l f i n d i c a t e s the c r o s s s e c t i o n which 
i s to be i n t e r p o l a t e d i n t h i s t a b l e s e t . 
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5. CROSS SECTION^SITA 

TABLE 11.5.1 
INTOIPOLATIHC TABLE "TYPES' 

Macroscopic (Z ) , Microscopic (a), Self Shielding (Q) 

Type (t) 
1 Fast groups or 
1 1 thermal group 

First of 
2 thermal groups 

Second of 
2 thermal groups 

1 i*"̂  tr a G*' 
r,tr,l tr tr 
^ - 1 <^2 ^22 

r.tr.l tr _tr 
^ '^ll «11 

2 If a a a' ritr,2 tr tr V l *̂21 ^̂ 21 
ytr,2 tr tr 
^ "12 ®12 

3 z? R a o" ^ - 1 ^̂ 22 °22 ^ "ll °11 

k XE' 
t a 0^ ^ - 1 ''21 ®21 ^ •'12 °12 

5 .£' V - ^ - 1 '̂ G-l ^G-1 

6 ^ X - < i V l " < \ -

7 - - - V l Ĝ-1 " «G ^G -

8 - - - €. - - i - -
a. For depletion, cg^^ « a^^ and eg - ffj^j^. 

b. Note the equivalence between two different forms for 2 thermal groups. 

c, ^ . ^^g *z ff^oiy^ 
' i ^ 
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BUCKLING DATA 

1 1 . 6 . HARMONY INPUT PREPARATION: BUCKLING DATA 

B u c k l i n g v a l u e s a r e o p t i o n a l i n a l l p r o b l e m s . They n a y be s p e c i f i e d 
s e p a r a t e l y f o r e a c h «roup o r t h e y may be s p e c i f i e d a s group i n d e p e n d e n t . 
B u c k l i n g v a l u e s are inpnt i n e x p a n s i o n format by c o i q > o s i t i o n . The c a r d s e r i e s 
used i s 0 8 and the s u b s e r l e s rnumber i s the group number. S u b s e r l e s z e r o may be 
used to s p e c i f y v a l u e s f o r a l l g r o u p s i n ^ i c h group - d e p e n d e n t v a l u e s a r e , o t 
p r o v i d e d . There need n o t be a s u b s e r i e s f o r e a c h group but t h e r e must be a 
c o m p l e t e s e t o f v a l u e s f o r e a c h s u b s e r l e s p r e s e n t . The c a r d s u s e d f o r b u c k l i n g 

880001 - 080099 
08g001 - 08g099 

b u c k l i n g v a l u e s f o r a l l g r o u p s ( o p t i o n a l ) 
b u c k l i n g v a l u e s f o r group g ( o p t i o n a l ) 

A more d e t a i l e d d e s c r i p t i o n o f t h i s c a r d d a t a i s g i v e n b e l o w . 

For SS = 0 1 , 0 2 , 9 9 : 

Buckling Values 

08gOSS, BUCLNG(l), C(1), BUCLNG(2), C(2), 
BUCLNG( 1) 

C(1) 

is a floating point number representing a buckling value. For g = 
0, this buckling value Is assigned to all groups in compositions 
C(i-1)+1 through C(i). For g not 0, this buckling value is assigned 
to group g in compositions C(i-1)+1 through C(i) and the buckling 
values input on cards 080OSS, if any, are Ignored in group g. 
is a composition number. These numbers must be in strictly 
increasing order with the last value equal to MAXGHP (see Section 
9. 1). 

• • • 
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11.7. HARMONY INPUT PREPARATION: AREA RATIO DATA 
Area ratio values are optional in all problems. They may be specified in 

two different ways: (1) by composition; or (2) by final figure (or planar 
region, whichever corresponds to compositions) and by grosr plane (or 
configuration). In the first form, area ratio values are input in expansion 
format by composition. The card series used is 02 and there is no subseries 
number. The data defaults to unity for each compositIon. In the second form, 
area ratio values are input in overlay format by figure (or region). The 
subseries number is the point plane number. If this second form is present, the 
area ratios for plane zero must be completely described for all figures (or 
regions); then later subseries give the changes in area ratios at the various 
planes. These changes can only occur at gross plane boundaries in three 
dimensional problems. 

Area ratio data is optional and if both types of input are present the 
second form is used. The cards used for area ratio input are as follows: 

020001 - 020099 
19pppl - 19ppp9 

area ratios by composition (optional) 
area ratios by figure (region) at plane 
ppp (optional) 

(configuration) 

A more detailed description of this card data is given below. 

For SS = 01, 02, 99: 

Area Ratios by Composition 

0200SS, ARATIO(l), C(l), ARATI0(2), C(2), 
This 

9.1) . 

For S = 1, 2 , 9 : 

Area Ratios by Figure (or Region) 

19pppS, R(l), ARATIO(l), R(2), R(3), AIIATI0(2), R(4), ... 
ARATIO(1) is a floating point number representing an area ratio value. This 

value is assigned to figures (or regions) R(̂ i|:i-1) through R(24:i) 
beginning at point plane (or conf igrnrat ion) ppp. 

R(i) is a figure (or region) number. Within a triplet [R(2*i-1), 
ARATIO(i), R(2«i)], the number R(2»i-1) must not be greater than 
R(2«i). 

At plane or configuration zero (ppp=0), all figures (or regions) must be 
assigned a value; values at any other ppp simply modify the values given for 
the previous ppp and need not be complete. 

.. . 
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1 1 . 8 . HARHONY INPUT PREPARATION: FLUX ENHANCEMENT DATA 

The d e p l e t i o n p o r t i o n o f the program a l l o w s f o r a t ime v a r i a t i o n o f the 
f l u x b e t w e e n the s u b i n t e r v a l s . M u l t i p l i c a t i v e f a c t o r s , p o s s i b l y g r o u p and 
c o m p o s i t i o n d e p e n d e n t , a r e a p p l i e d to the f l u x to a c c o m p l i s h the d e s i r e d r e s u l t . 
These f a c t o r s a r e a p p l i e d to the i n p u t - p o w e r n o r m a l i z e d f l u x a s f o l l o w s : the 
c o m p o s i t i o n d e p e n d e n t f a c t o r r a i s e d to the n - l s t power m u l t i p l i e s the 
a p p r o p r i a t e group o f f l u x . Here , u I s the s u b i n t e r v a l number c o u n t e d t h r o u g h 
the e n t i r e d e p l e t i o n t ime i n t e r v a l T ( 0 ) to T ( 1 ) . That i s , the s u b i n t e r v a l 
number n c o n t i n u e s w h i l e d e p l e t i n g from T ( 0 ) to T ( 1 ) e v e n i f thermal f l u x 

a n r r ? S i i ^ " " f U r % ; n o r ; a l ! L u : ^ f ^ r ^ ' b e t n g Toilf the iTrl ZTolnX^He 
c a l c u l a t i o n o f the f a s t and thermal c o n t r i b u t l o L to the power i n t e g r a l s needed 

s^^^Jnbjals-Is- f in^Jior^fcoiploIl^n. ^^^ t^" in ^ - - l , t " ^ ^ ^ 
Flux enhancement fac tors are opt iona l In a l l deple table problems. These 

fac tors are input in expansion format by composit ion. The card s e r i e s used Is 
02 and the s u b s e r i e s number Is the g^oup number. There need not be a s u b s e r i e s 
for each group but there must be a complete s e t of values for each s u b s e r i e s 

^r^sir.ks sidd?Jr}Lris^nc':L^f^?:cSrin;uJ'*Lr:rf?no-strie'' *- '^^ty. 
02g001 - 02g099 : f l u x fac tors for group g (op t iona l ) 

A more d e t a i l e d d e s c r i p t i o n of t h i s card data i s g iven below. 

For SS » 01 , 02 99: 

Flux Enhancement Factors 

02g0SS, FACTOR(l), C(1), FAGT0R(2), C(2), 
FACTTORd) is a floating point number representing a flux enhancement factor 

value. This factor is assigned to group g in compositions C(l—1)+1 
through C(i). 

C(i) is a composition number. These numbers must be in strictly 
increasing order with the last value equal to HAXQIP (see Section 
9.1). 
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12. 1. EDIT REOUEST INPUT PREPARATION: INPUT PROOraSING EDIT DATA 
For every case of input, the following are always edited during Input 

processing: 
(a) CARDFILE cards in the order they are encountered; 
(b) Card data from card files in the order they are processed; 
(c) Card input data for the current case; 
(d) A one page summary of Important problem parameters; and, 
(e) In synthesis cases, the trial function descriptions. 

All other editing of input data which can occur during input processing 
(except, of course, error commenting) is optional. There are five major 
sections of optional input editing which can be requested: 
1. Geometry d a t a , 

2 . C o n c e n t r a t i o n d a t a , 

3 . Oirmony i n p u t d a t a , 

4 . I n t e g r a t i o n e d i t d e f i n i t i o n s , and 

5 . Geometry p i c t u r e s . 

These e d i t s , a s w e l l a s a l l o t h e r o p t i o n a l e d i t s i n the program, a r e d e f a u l t e d 
"off*; t h a t i s , t h e y a r e n o t done u n l e s s s p e c i f i c a l l y r e q u e s t e d . In a d d i t i o n * 
s u c h e d i t r e q u e s t s a r e d e l e t e d from c a s e to c a s e and thus must be r e q u e s t e d 
e x p l i c i t l y i n e a c h c a s e i f d e s i r e d . 

The g e o m e t r y p i c t u r e e d i t input i s d e s c r i b e d i n d e t a i l i n S e c t i o n 1 0 . 6 and 
w i l l n o t be g i v e n h e r e . The e d i t o f i t e m s ( 1 ) t h r o u g h ( 4 ) a s w e l l a f i f t h i t e m 

Input E d i t C o n t r o l 

0 1 0 0 1 0 , CEOHED, CONCED, HARMED, EDSTED, MACRED 

GEOMED i s t h e i n d i c a t o r o f whether or n o t to e d i t the p r o c e s s e d g e o m e e r y 
c a r d input d a t a . A v a l u e o f 0 means n o ; a v a l u e o f 1 means y e s . 

CONCED i s the i n d i c a t o r o f whether or n o t to e d i t the p r o c e s s e d n u c l i d e 
c o n c e n t r a t i o n c a r d input d a t a . These c o n c e n t r a t i o n v a l u e s a r e 
e d i t e d b y c o m p o s i t i o n . A v a l u e o f 0 means no ; a v a l u e o f 1 means 

HARMED i s the i n d i c a t o r o f ndiether or n o t to e d i t the p r o c e s s e d HARMONY 
i n p u t d a t a . A v a l u e o f 0 means no ; a v a l u e o f 1 means -yes. In 
a d d i t i o n , a v a l u e o f - 1 w i l l produce a much s h o r t e n e d e d i t vdiich 
o m i t s the d e t a i l e d t a b l e u s a g e e d i t . 

EDSTED i s t h e i n d i c a t o r o f whether o r n o t to e d i t the p r o c e s s e d input >diich 
d e s c r i b e s the p l a n a r and a x i a l e d i t s e t I n t e g r a t l o n s p a c e . A v a l n e 
o f 0 means no ; a v a l u e o f 1 means y e s . 

MACRED i s the i n d i c a t o r o f whether o r not to e d i t the m a c r o s c o p i c c r o s s 
s e c t i o n s c a l c u l a t e d In t h i s c a s e . A v a l n e o f 0 means n o ; a v a l u e 
o f 1 means y e s . These c r o s s s e c t i o n s a r e e d i t e d o v e r i n t e g r a t i o n 
e d i t s e t s and the p r i n t e d v a l u e s a r e volume w e i g h t e d a v e r a g e s . 

T h i s c a r d I s o p t i o n a l and i f o m i t t e d a l l o p t i o n s a r e assumed to be z e r o (no 
e d i t i n g ) . From one t o f i v e i t e m s m a y b e p r e s e n t . A l l t r a i l i n g i tenw o m i t t e d 
a r e ^ s s n u e d t o ^ e z e r & . ^Thls c a r d I s ^ e l e t e i ^ ^rom^case^ to ease^. — 
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1 2 . 2 . EDIT REQUEST INPUT PREPARATION: INTEGRAL EDIT DATA 

F l u x I n t e g r a l s and e d i t s r e s u l t i n g from c o m b i n a t i o n s o f f l u x - w e i g h t e d 
m a c r o s c o p i c c r o s s s e c t i o n i n t e g r a l s a r e a u t o m a t i c a l l y e d i t e d b y the program. 
A l l o t h e r I n t e g r a t i o n e d i t i n g i s o p t i o n a l and must be e x p l i c i t l y r e q u e s t e d v i a 
card input d a t a . 

The volume w e i g h t e d m a c r o s c o p i c c r o s s s e c t i o n s may be o p t i o n a l l y e d i t e d ' b y 
e d i t s e t and p l a n e g r o u p i n g . The r e q u e s t f o r t h i s e d i t i s o n c a r d 0 1 0 0 1 0 and i s 
d e s c r i b e d i n S e c t i o n 1 2 . 1 . 

Named c o l l e c t i o n s o f n u c l i d e r e a c t i o n r a t e s and atom c o u n t s may be 
o p t i o n a l l y e d i t e d . Such c o l l e c t i o n s a r e s p e c i f i e d o n c a r d s 0101X0 and e a c h 
c o n s i s t s o f the name to be a s s o c i a t e d w i t h the c o l l e c t i o n f o l l o w e d b y a s e t o f 
a lphanumer ic n u c l i d e i d e n t i f i c a t i o n s . The name o f a ' p r e v i o u s l y * d e f i n e d 
c o l l e c t i o n c a n be i n c l u d e d w i t h the s e t o f n u c l i d e i d e n t i f i c a t i o n s i n the 
d e f i n i t i o n o f a " l a t e r " c o l l e c t i o n . The v a l u e o f X s p e c i f i e s the type o f d a t a 

c o u n t s ( i n t e g r a t e d c o n c e n t r a t i o n s ) . Such c o l l e c t i o n s a r e e d i t e d a s name - v a l u e 
p a i r s . The d a t a in t h e s e c o l l e c t i o n s i s i n t e g r a t e d o v e r the e n t i r e s o l u t i o n 
s p a c e . For X = 9 , named c o n s t a n t s c a n be d e f i n e d to be u s e d i n the a l g e b r a i c 
c o m b i n a t i o n e d i t s . 

A r b i t r a r y a l g e b r a i c c o m b i n a t i o n s o f the c o l l e c t i o n d a t a and s p e c i f i e d 
c o n s t a n t s c a n be o p t i o n a l l y e d i t e d . S u c h c o m b i n a t i o n s a r e s p e c i f i e d o n c a r d s 
0 1 0 1 9 1 , . . . , 010199 and e a c h c o n s i s t s o f the name to be a s s o c i a t e d w i t h the 
r e s u l t o f the o p e r a t i o n , the f i r s t o p e r a n d , the o p e r a t o r , and the s e c o n d 
o p e r a n d . The o p e r a n d s a r e e i t h e r a c o l l e c t i o n name, the name o f a d e f i n e d 
c o n s t a n t . o r the name o f a " p r e v i o u s " r e s u l t . The p o s s i b l e o p e r a t o r s a r e +, - , 

N u c l i d e power f r a c t i o n s , a b s o r p t i o n r a t e s , f i s s i o n r a t e s , a v e r a g e 
c o n c e n t r a t i o n s , and l o a d i n g s may o p t i o n a l l y be e d i t e d b y e d i t s e t and p l a n e 
g r o u p i n g . Cards 0101X1 - 0101X9 a r e u s e d to l i s t the numeric n u c l i d e 
i d e n t i f i c a t i o n s o f the n u c l i d e s to be e d i t e d . The v a l u e o f X s p e c i f i e s the type 
o f d a t a a s f o l l o w s : ( a ) X = 1 means power f r a c t i o n s ; ( b ) X = 2 means 
a b s o r p t i o n r a t e s ; ( c ) X = 3 means f i s s d o n r a t e s ; and ( d ) X = 4 means a v e r a g e 

With one e x c e p t i o n , a l l i n t e g r a l d a t a i s e d i t e d f o r s p e c i f i e d c o m b i n a t i o n s 
o f f i n a l f i g u r e s and p l a n a r r e g i o n s ( e d i t s e t s ) a l o n g w i t h c o m b i n a t i o n s o f g r o s S 
p l a n e s or s e t s o f i n d i v i d u a l p l a n e s ( p l a n e g r o u p i n g s and a x i a l e d i t s 
r e s p e c t i v e l y ) . The one e x c e p t i o n i s the e d i t o f a r b i t r a r y c o l l e c t i o n s o f 
n u c l i d e d a t a and c o m b i n a t i o n s o f t h e s e c o l l e c t i o n s . Such d a t a i s i n t e g r a t e d 
o v e r a l l s o l u t i o n s p a c e . 

E d i t i n t e g r a l s p a c e i s s p e c i f i e d u s i n g s e r i e s number 0 1 . S u b s e r i e s 
1 0 0 - 4 9 9 a r e u s e d f o r e d i t s e t d e f i n i t i o n s ( r a d i a l i n t e g r a t i o n e x t e n t ) , 
s u b s e r i e s 5 0 0 - 599 a r e u s e d f o r p l a n e g r o u p i n g d e f i n i t i o n s ( a x i a l i n t e g r a t i o n 
e x t e n t ) , and s u b s e r i e s 6 0 0 - 6 9 9 a r e used f o r a x i a l e d i t d e f i n i t i o n s . 

The d a t a f o r e a c h e d i t s e t s u b s e r i e s i s o f the form: 

F ( l ) , + - F ( 2 ) , + - F ( 3 ) , . . . . +-F(m) 
. 0 , 

R ( l ) , + - R ( 2 ) . + - R ( 3 ) + -R(n) 

where F(i) is a final figure number, R(j) is a planar region number, and the 
zero is used to separate a collection of planar region numbers from a collection 
of final figure numbers. A negative fiĝ ire number designates all fiĝ ures from 
the previous figure number through the negative figure number, and similarly for 
a negative region number. For both the figures and the regions, the numbers 
must be strictly increasing in absolute valne, there may not be two consecutive 
negative numbers, and the first number must be positive. As an example, the 
sequence: 

3, 5, -7, 0 , 2, -4, 9 
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specifies figure numbers 3, 5, 6, and 7 and region numbers 2, 3, 4, and 9. 
The subseries are separated into four ranges: 100 - 199, 200 - 299, 

300 - 399, and 400 - 499. Any (but not all) of the ranges may be omitted and 
the first missing subseries in each range terminates the range. Each subseries 
specifies a different combination of the data as follows. Each of subseries 
100 - 199 specifies a single edit set. In each of subseries 200 - 299, the 
figure numbers are expanded to remove negative signs and an edit set of the 
form: 

F(i), 0 , R(l), +-R(2), +-R(3), ..., +-R(n) 
is constructed for each figure number F(1). Similarly, in each of subseries 
300 - 399, the region numbers are expanded and an edit set of the form: 

F(l), +-F(2), +-F(3), .... +-F(m), 0 , R(j) 
is constructed for each region number R(j). Finally, in each of subseries 

I, both 1 
the form: 

F(l), 0 , R(j) 
i s constructed for each f igure - reg ion pair F ( i ) , R ( j ) . 

At l e a s t one plane grouping subser i e s OR one a x i a l e d i t subser i e s i s 
required in three - dimensional problems and the subser i e s numbers present must 
be s e q u e n t i a l . Plane grouping data i s input on subser i e s 500 - 599. The data 
for each plane grouping s u b s e r i e s s p e c i f i e s a s i n g l e plane grouping and i s of 

P ( l ) , - P ( 2 ) , P ( 3 ) . - P ( 4 ) , . . . . P ( n - l ) , -P(n) 

The plane numbers in a subseries must be strictly increasing In absolute value 
and occur in plus - minus pairs, each pair designating the axial region between 
the two planes. For example, the sequence: 

0, -3, 5, -8 

r-'kf. '^'onVl^llL'llT^nr^^i;^'^f plLepi:rdar?es- 2retltVrS\\..''\l\.n^^Tnl 
grouping boundaries. 

Various q u a n t i t i e s may be ed i t ed v ia a x i a l e d i t s e t s . These q u a n l i t i e s 

and i s of the form: 

KEYWORD, PRINT, PI, P2, E d ) , + -E(2) , + -E(3) , . . . 

where KEYWORD i s an alphanumeric iLey word s p e c i f y i n g the quanti ty to be e d i t e d , 
PRINT i s the Indicator of whether to pr int or pr inter - p l o t the data, PI and P2 
are a x i a l point numbers s p e c i f y i n g the a x i a l extent of the e d i t and must be 
gross plane boundaries , and the E( i ) are e d i t s e t numbers where a negat ive 
number des ignates a l l e d i t s e t s from the previous e d i t s e t number through the 
negat ive e d i t s e t number. The e d i t s e t numbers must be s t r i c t l y increas ing in 
absolute value , there may not be two consecut ive negat ive numbers, and the f i r s t 
number must be pos111ve. 

An opt ion i s a v a i l a b l e l A i c h permits a s i g n i f i c a n t reduct ion in the volume 

Icco^nfhe i brinc*lidiSrli*'?i^'"lnpui\ tSrd 0nO0S'"scoS?IlS'ng**^. t^ 'n i i e 

The f i r s t pair of numbers r e f e r s to the volume - weighted macroscopic data 

-» 
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i n t e g r a t i o n e d i t i n g per formed d u r i n g xenon and thermal f e e d b a c k c a l c u l a t i o n s . 

Each o f t h e s e p a i r s c o n s i s t s o f the l a s t e d i t s e t and the l a s t p l a n e g r o u p i n g 
f o r w h i c h the c o r r e s p o n d i n g i n t e g r a l s a r e to be p r i n t e d . E i t h e r number ( o r b o t h 
numbers) i n a p a i r may be input a s z e r o to r e q u e s t t h a t p r i n t i n g n o t be done f o r 
any e d i t s e t or p l a n e g r o u p i n g . 

The n i n t h i t e m r e f e r s to a x i a l e d i t s . T h i s i t e m I s the l a s t a x i a l e d i t to p r i n t 
or p r i n t e r - p l o t and may be z e r o to r e q u e s t t h a t no a x i a l e d i t s be p r i n t e d . 

I f p r i n t i n g i s not done but an e d i t i n t e g r a l F i l e Ifanager o u t p u t f i l e i s to be 
w r i t t e n , a l l i n t e g r a l s r e q u e s t e d ARE computed s o t h a t the f i l e c a n be w r i t t e n 

A summary of the Input d a t a used to s p e c i f y I n t e g r a l e d i t s Is a s f o l l o w s : 

010111 

010121 

010131 

010141 

010191 

011XX1 
012XX1 
013XX1 
014XX1 
015XX1 
016XX1 

0 1 0 0 1 0 
0 1 0 1 1 0 
010119 
0 1 0 1 2 0 
010129 
0 1 0 1 3 0 

tlllll 
0 1 0 1 4 9 
0 1 0 1 9 0 
010199 
011000 
0 1 1 ^ 
0 1 2 ^ 
0 1 3 ^ 
0 1 4 ^ 
0 1 5 ^ 

volume w e i g h t e d macro e d i t ( s e e S e c t i o n 1 2 . 1 ) 
n u c l i d e power c o l l e c t i o n s 
n u c l i d e power f r a c t i o n e d i t s 
n u c l i d e a b s o r p t i o n r a t e c o l l e c t i o n s 
n u c l i d e a b s o r p t i o n r a t e e d i t s 
n u c l i d e f i s s i o n r a t e c o l l e c t i o n s 
n u c l i d e f i s s i o n r a t e e d i t s 
n u c l i d e atom c o u n t c o l l e c t i o n s 
n u c l i d e c o n c e n t r a t i o n , l o a d i n g e d i t s 
d e f i n i t i o n o f c o n s t a n t s 
c o m b i n a t i o n e d i t d e f i n i t i o n s 
p r i n t i n g l i m i t d e f i n i t i o n s 
e a c h XX a n e d i t s e t 
f o r e a c h XX, e a c h f I g u r e w i t h a l l r e g i o n s an e d i t s e t 
f o r e a c h XX, e a c h r e g i o n w i t h a l l f i g u r e s an e d i t s e t 
f o r e a c h XX, e a c h f i g u r e - r e g i o n p a i r a n e d i t s e t 
e a c h XX a p l a n e g r o u p i n g 
e a c h XX a n a x i a l e d i t 

D e t a i l s o f e a c h o f t h e s e c a r d s e r i e s f o l l o w s . 

N u c l i d e C o o l e c t i o n s 

0101X0, C ( l ) , N ( l > , N ( 2 ) , N ( j ) , ( ) , C ( 2 ) , N ( j + 1 ) , 

C ( i ) i s the name a s s o c i a t e d w i t h the c o l l e c t i o n o f n u c l i d e s l i s t e d up t o 
the n e x t b l a n k i t e m . T h i s name I s a l p h a n u m e r i c , from one to t e n 
c h a r a c t e r s . T h i s d e f i n e s an I n t e g r a l o v e r a l l prob lem s p a c e o f a 
q u a n t i t y summed o v e r a l l n u c l i d e s l i s t e d i n the c o l l e c t i o n . There 
a r e f o u r t y p e s o f c o l l e c t i o n s and the q u a n t i t y d e f i n e d depends o n 
the v a l u e o f X a s f o l l o w s : 

a . X = 1 i s the sum over g r o u p s o f the n u c l i d e power; 
b . X = 2 i s the sum o v e r groups o f t h e n u c l i d e a b s o r p t i o n r a t e ; 
c . X = 3 i s the sum o v e r groups o f the n u c l i d e f i s s i o n r a t e ; 
d . X B 4 i s the n u c l i d e c o n c e n t r a t i o n . 

N(1) i s the a l p h a n u m e r i c name o f a n u c l i d e 
d e f i n e d c o l l e c t i o n o f the same t y p e . 

the o f 

I f a l t i p l e c o l l e c t i o n s a r e d e f i n e d o n t h i s c a r d b y the mechanism o f 
e a c h c o l l e c t i o n w i t h a b l a n k word ( o p e n t h e n c l o s e d p a r e n t h e s e s ) , 
b l a n k word i s o p t i o n a l . 

>n a l r e a d y 

the T h i s d a t a i s I n t e g r a t e d o v e r the e n t i r e s o l u t i o n s p a c e a t the b e g i n n i n g o f 
d e p l e t i o n i n t e r v a l and t h e n e d i t e d b y name and v a l u e . 

These c o l l e c t i o n names may be u s e d i n s p e c i f y i n g e d i t s o f a l g e b r a l c comblnat io iM 
of c o l l e c t i o n s s p e c i f i e d on c a r d s 0 1 0 1 9 S . 

or name 
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Nuclide Integral Edits 

O101XS, ID(1), ID(2), ID(3), ... 
ID(i> i s the numeric ID of a nucl ide for which in tegra t ion and e d i t i n g i s 

to be performed. The type of quant i ty to be ed i ted depends on the 
value of X as f o l l o w s : 

For X = 4 , If the nuc l ide ID i s p o s i t i v e a concentrat ion e d i t i s performed; i f 
the nucl ide ID i s negat ive a loading e d i t ( i n kilograms) i s done. 

For X '̂  1, 2 , and 3 , t h i s data i s integrated by e d i t s e t and plane grouping at 
the beginning of the d e p l e t i o n i n t e r v a l . 

For X s 4 , t h i s data i s integrated by e d i t s e t and plane grouping at the end of 

o f indtvld«rgrossr^i;esI?y' 'JJiropria!e iax1altedH 2pec iftraUonJ!*^'' '*"' *^ts 
For each X that i s present , the S - 1, 2 , . . . , 9 s e q u e n t i a l l y . 

D e f i n i t i o n of Constants 

010190, NAME(l), CONSS(), NAME(2), C0NS(2), . . . 

NAME(1) i s the name of the fo l lowing constant . This name Is alphanumeric, 
from one to ten charac ter s . 

GONS(i) i s a f l o a t i n g point constant . 
These named constants may be used in s p e c i f y i n g e d i t s of a lgebra ic combinations 
of c o l l e c t i o n s s p e c i f i e d on cards 01019S. 

Algebraic Combination D e e i n i t i o n s 

01019S, RES(l) , C ( l ) , (OP), G(2) , RES(2), C(3) , (OP), C(4) , . . . 

RES(1) Is the name a s s o c i a t e d with the r e s u l t of the s p e c i f i e d operat ion . 
This name i s alphanumeric, from one to ten charac ters . 

C( i ) i s the name of an operand which i s one of: (a) a c o l l e c t i o n 
s p e c i f i e d on cards 0101X0, (b) the name of a constant s p e c i f i e d on 
card 010190, or ( c ) the name ot an a lready evaluated r e s u l t . 

OP i s an alphanumeric symbol which s p e c i f i e s the operat ion to be 

sr::'=^^,'*^:^r*r^':s?nS^iid?'^'sSj:ii;, ^itiv^: TT^UI: T^ 
exponent iate r e s p e c t i v e l y . 

The operat ion symbol OP should be enclosed In parenthes is to avoid confusion as 
to the proper type of input data . For example, add i t ion between operands named 
ABC and XYZ should be s p e c i f i e d as: 

ABC, ( + ) , XYZ 

and division of ABC by X«Z should be specified as: 



PDQ-8 REFERENCE MANUAL 12.2 (5/78) Page 5 
12. EDIT REQUEST INPUT PREPARATION 2. INTEGRAL EDIT DATA 

ABC, (/), XVZ 
In a divide operation. If the divisor is zero the result is set to zero. In an 
exponentiate operation, if the base is negative or the result would be "too 
large" the result is set to zero. 
The S = 1, 2, ... , 9 sequentially. 

011000, El, PI, E2, P2, E3, P3, E4, P4, AX 
El i s the l a s t e d i t s e t to p r i n t i f volume - weighted macroscopic data 

i s e d i t e d . 
PI i s the l a s t p l ane g roup ing to p r i n t i f volume - weighted macroscopic 

d a t a i s e d i t e d . 
E2 i s the l a s t e d i t s e t to p r i n t for f l u x i n t e g r a l s and f l u x weighted 

P2 i s the l a s t p l ane g roup ing to p r i n t for f l ux i n t e g r a l s and f l u x 

E3 i s the l a s t e d i t s e t to p r i n t If n u c l i d e r a t e d a t a (power f r a c t i o n s , 

P3 t J s t h r i a s t ^ I a n ; ^ J u j l n g ' t o p r l n f If ^ J u c l u e r a t e d a t a (power 
f r a c t i o n s , a b s o r p t i o n r a t e s , and f i s s i o n r a t e s ) i s e d i t e d . 

E4 i s the l a s t e d i t s e t to p r i n t if c o n c e n t r a t i o n and load ing d a t a i s 
e d i t e d . This a l s o l i m i t s e d i t i n g d u r i n g xenon and thermal feedbacks 
if they a r e b e i n g done. 

P4 i s the l a s t p l ane grouping to p r i n t i f c o n c e n t r a t i o n and l o a d i n g 
da t a i s e d i t e d . This a l s o l i m i t s e d i t i n g d u r i n g xenon and thermal 
feedbacks i f t h e y a r e be ing done. 

AX i s the l a s t a x i a l e d i t to p r i n t o r p r i n t e r p l o t . 

Data p e r t a i n i n g to p l ane g roup ing and /o r a x i a l e d i t p r i n t i n g l i m i t a t i o n s i s 
ignored if the problem i s not t h r e e - d i m e n s i o n a l . 

This card i s o p t i o n a l and t h e r e may be from one to n ine items p r e s e n t . Al l 
t r a i l i n g omi t t ed i tems d e f a u l t to the f u l l e d i t i n g . 

Ed i t Set D e e f n i t i o n s 

OIXX3S, F ( l ) , + - F ( 2 ) , . . . , 0 , R ( l ) , + -R(2 ) , . . . 

F(1) is a final figure number. The form F(i), -F(i+1) implies final 
figure numbers F( 1) , F(i) + +1 ,Fi)+2, ,.. , ,F(-t-t)l The eF i) )uss tb 
strictly increasing in absolute value, there may not be two 
consecutive negative numbers, and the first number must be positive. 

R(i) is a planar region number. The form R( i) , -R(i+1) iiiq>lie8 planar 
region numbers R( 1) , R(i)-)-l, ,R i)-i-2 RR i+l) . .he R( I) must tb 
strictly increasing in absolute value, there may not be two 
consecutive negative numbers, and the first number must be positive. 

The list of final figure numbers must be separated from the list of planar 
region numbers by a zero. 
The meaning of this data varies with the subseries number XXX vdiich is divided 
into four ranges as follows: 
XXX = 100 - 199 : Each XXX is an edit set. 
XXX = 200 - 299 : For each XXX, each figure with all regions is an edit set. 
XXX s 300 - 399 : For each XXX, each region with all figures is an edit set. 
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XXX = 400 - 499 : For each XXX, each figure - region pair Is an edit set. 
Any, but not all, of the snbse'ries may be omitted. The edit sets are numbered 
as follows: the first ones are those defined using the 100 - 199 subseries (if 
any), followed by those defined using the 200 - 299 subseries (if any), followed 
by those defined using the 300 - 399 subseries (if any), and finally those 
defined using the 400 - 499 subseries (if any). In any given range X00 - X99, 
the subseries number must be X00, X01, ... , X99 sequentially. 
The number of edit sets printed for various types of integrated data may be 
limited to something less than the number of edit sets defined by use of the 
011000 card. In general, edit sets containing identically zero data or missing 
from the geometry description are not printed. 
The S = 1, 2, 9 sequentially for each XXX. 

!i!-!_?!:2-?l?f.?!£initiof! 

015XXS, P(l), -P(2), 
P(i) 

P(3), -P(4), 
is an axial point number specifying the axial limit of integration 
for plane grouping XX. The P(i) must be strictly increasing in 
absolute value and occur in plus - minus pairs, each pair 
designating the axial region between the two planes. Only zero and 
the gross plane boundaries are permitted to be plane grouping 
boundaries. 

The number of plane groupings printed for various types of integrated data may 
be limited to something less than the number of plane groupings defined by use 
of the 011000 card. In general, edit sets containing identically zero data or 
missing from the geometry description are not printed. 
The XX = 00, 01, 02, ... , 99 sequentially. Each 
grouping and, for each XX used, S = 1, 2, ,9. 

XX specifies plane 

i;ial^itB;finition 

016XJS. KEYWORD, PRINT, PI, P2, E d ) , +-E(2), ... 
KEYWORD is the alphanumeric key word which specifies the 

edited. This keyword may be one of the following: quantity to be 

a. An alphanumeric nuclide ID for concentration and/or loading; 
b. "POWER" for the average power; 
c. "FLUXg" for group g of the average flux; 
d. "FUEL-TEMP" for the fuel temperature; 
e. "MOD-TEMP" for the moderator temperature; 
f. "MOD-DENS" for the moderator density; 
g. "VAP-FRACT" for the vapor fraction: 
h. "HEAT-FLUX" for the heat flux. 

PRINT is the indicator of vdiether to print 
PRINT is 0, the data is printed. 
printer - plot with ten edit sets per 
with magnitude one to ten, this spe 
magnitude indicates the number of edi 
plot. 
is an axial point number >idiich is the 
the axial extent of the edit. This 
gross plane boundary. 

P2̂  is an axial point number which is 
defining the axial extent of the edi 

PI 

or printer - plot the data. If 
If PRINT is 1, this specifies a 
plot. If PRINT is negatlve 
cifies a printer - plot and the 
ts sets to present on a single 
lowest numbered plane defining 

number mus t either be zero or a 
the highest numbered plane 

t. This number must be a gross 

one 
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plane boundary. P2 must be greater than PI. 
Ed) is an edit set number. The edit set numbers must be strictly 

Increasing in absolute value, there may not be two consecutive 
negative numbers, and the first number must be positive. The form 
Ed1), -E(l+l) designates edit set numbers E(1), E(i)+1, E(i)+2, 
... , Ed+l). 

If KEYWORD is some alphanumeric nuclide ID, then the axial edit specification 
will result in an edit only If that nuclide is deslĝ nated as an average 
concentration or loading edit nuclide on cards 01014S. This requirement results 
from the fact that axial edits simply represent a different way to display 
otherwise available data and such data must have been generated via the 
appropriate option selection. The same comment applies to the thermal feedback 
quantities. That is, an edit of thermal data must be specified on card 010036 
(see Section 15.5). The power and flux integrrals ARE always available since 
flux integrals and flux - weighted macroscopic cross section Integrals are 
automatically computed by the program and are not optional. 
WARNING: The KEYWORD is not checked in the Input so that if it Is not one of 
the allowable key words the axial edit is simply ignored. 
The number of axial edits printed for various types of integrrated data may be 
limited to something less than the number of,axial edits defined by use of the 
011000 card. In general, edit sets containing'identically zero data or missing 
from the geometry description are not printed. 
The XX = 00, 01, 02 99 sequentially. Each XX specifies one axial edit 
and, for each XX used, S = 1. 2, ... .9. 
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12.3. EDIT REQUEST INPUT PREPARATION: POINTWISE EDIT DATA 
All polntwise editing is done over two specified regions of the mesh, the 

first for flux and the second for power. These regions are defined as a box 
containing some contiguous set of columns, rows, and planes. E!dlting of each 
polntwise quantity is optional. Including the flux in each group, the total 
thermal flux in a two - thermal group problem, the partition power, and the 
average or peak point power along with the relative maxima of either of these. 

The grross and/or fine block power may be edited meshwise in addition to the 
polntwise editing. This option is more properly Included in Section 12.4 but is 
included here because the option is chosen by Input on the same card as the 
poiiitwlse power edit option. The cards used to specify polntwise editing are as 
follows: 

010005 - pointwlse flux edit region, options 
010006 - pointwise/mesh power edit region, options 

Details of each of these cards follows. 

Polntwise Flux, Mixing Coefficient Edit Control 

010005, CI, C2, Rl. R2, PI, P2, Gl, G2 GG, T 
_ C 1 I s the l o w e s t p o i n t co lumn to e d i t . 

C2 i s the h i g h e s t p o i n t column to e d i t . 
Rl i s the l o w e s t p o i n t row to e d i t . 
R2 i s the h i g h e s t p o i n t row to e d i t . 
PI i s the l o w e s t p o i n t p l a n e to e d i t . 
P2 i s the h i g h e s t p o i n t p l a n e to e d i t . 
Gl i s the group 1 p o i n t w l s e f l u x e d i t i n d i c a t o r . 
G2 i s t h e group 2 p o i n t w l s e f l u x e d i t i n d i c a t o r . 

C^ i s the l a s t group p o l n t w i s e f l u x e d i t i n d i c a t o r . 
T i s the t o t a l thermal f l u x e d i t i n d i c a t o r . 

T h i s c a r d i s u s e d to r e q u e s t p o l n t w i s e f l u x e d i t s . T h i s card i s o p t i o n a l and I f 
o m i t t e d a l l o p t i o n s a r e assumed to be z e r o (no e d i t i n g ) . From one to 6+GROUPS 
(7+GROUPS In a two thermal g r o u p problem) i t ems may be p r e s e n t . A l l t r a i l i n g 
i t e m s o m i t t e d a r e assumed to be z e r o . T h i s card I s d e l e t e d from c a s e to c a s e . 

The f i r s t s i x v a l u e s (CI t h r o u g h P2) d e s c r i b e the e d i t r e g i o n ( f i r s t and l a s t 
c o l u m n s , f i r s t and l a s t r o w s , f i r s t and l a s t p l a n e s ) and t h e r e m a i n i n g v a l u e s 
(Gl t h r o u g h GG) a r e the e d i t i n d i c a t o r s f o r e a c h group ( 0 =: no e d i t , 1, 2 , o r 3 
B do an e d i t ) . 

An e d i t i n d i c a t o r (T) o f t h e same type may be i n c l u d e d a t the end o f the c a r d 
f o r the t o t a l thermal f l u x i n a t w o - t h e r m a l group problem* 

In a s y n t h e s i s p r o b l e m , o n l y the f i r s t and l a s t p l a n e s a r e s i g n i f i c a n t when used 
to d e s c r i b e the e d i t l i m i t s f o r a x i a l m i x i n g c o e f f i c i e n t s and f r a c t i o n a l f l u x 
p r i n t e r / p l o t s . AgaIn i n a s y n t h e s i s prob lem, the e d i t i n d i c a t o r s may have t h r e e 
d i f f e r e n t n o n - z e r o v a l u e s to r e q u e s t c o m b i n a t i o n s o f p o l n t w i s e f l u x e d i t s and 
m i x i n g c o e f f i c i e n t e d i t s . In t h i s c a s e , a v a l u e o f 1 w i l l o b t a i n m i x i n g 
c o e f f i c i e n t s ; a v a l u e o f 2 w i l l o b t a i n p o l n t w i s e f l u x ; and a v a l u e o f 3 w i l l 
o b t a i n b o t h . 

CAUTION 

In a s y n t h e s i s p r o b l e m , the p o l n t w i s e f l u x I s 
u s u a l l y n o t g e n e r a t e d s i n c e v e r y l a r g e problem 
s i z e s can be accomodated I f s u c h f l u x Is n o t 
r e q u i r e d . However, I f the p o l n t w i s e f l u x i s 
c h o s e n to be e d i t e d , o r the p a r t i t i o n power o r 
p o l n t w i s e power i s c h o s e n to be e d i t e d , o r i f the 
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p o l n t w i s e f l u x or p a r t i t i o n power i s to be w r i t t e n 
a s a F i l e Ifenager f i l e , t h e n t h e p o l n t w i s e f l u x IS 
g e n e r a t e d . For v e r y l a r g e s y n t h e s i s p r o b l e m s , 
t h i s may n o t be p o s s i b l e due' to l i m i t a t i o n s i n 
d i s k s t o r a g e c a p a c i t y . 

I f the prob lem i s not s y n t h e s i s , a n y one o f the v a l u e s 1, 2 , or 3 w i l l o b t a i n a 
p o l n t w i s e f l u x e d i t s o t h a t t h i s c a r d d o e s n o t have to be redone i n s w i t c h i n g 
back and f o r t h b e t w e e n e x p l i c i t and s y n t h e s i s p r o b l e m s . 

T h i s c a r d i s d e l e t e d from c a s e to c a s e . 

Mesh, P o i n t Power E d i t C o n t r o l 

0 1 0 0 0 6 , CI , G2. R l , R2, P I , P2 , POINT, PART, MESH 

CI i s the l o w e s t p o i n t co lumn t o e d i t . 
C2 i s the h i g h e s t p o i n t co lumn to e d i t . 
Rl i s the l o w e s t p o i n t row to e d i t . 
R2 i s the h i g h e s t p o i n t row to e d i t . 
PI i s the l o w e s t p o i n t p l a n e t o e d i t . 
P2 i s the h i g h e s t p o i n t p l a n e to e d i t . 

POINT i s the p o l n t w i s e power e d i t i n d i c a t o r . 
PART i s the p a r t i t i o n power e d i t i n d i c a t o r . 
MESH is the mesh power edit indicator. 

This card is used to request polntwise and meshwise (block) power edi t s . The 
card is optional and if omitted a l l options are assumed to be zero (no edit ing) . 
From one to nine items may be present. All trai l ing items omitted are assumed 
to be zero. This card is deleted from case to case. 

The f irst s ix numbers (CI through P2) describe the power edit region. These 
items are, respectively, f irst and last columns, f irst and last rows, and f irst 
and last planes. 

POINT is the polntwise power edit indicator. lliere are seven possible values of 
POINT: 

IF POINT is 0, no polntwise power edit is done. 
If POINT is 1, an edit of the pointwise average power is done. 
If POINT is 2, an edit of the pointwise peak power is done. 
If POINT is 3, a polntwise average and relative maximum edit is done (If - 3 , 

the relative maximum is not done). 
If POINT Is 4, a polntwise peak and relative maximum edit is done ( i f - 4 , the 

relative maximum is not done). 

PART is 
values: 

the partition power edit indicator. PART may have three different 

If PART is 0, no edit Is done. 
If PART is 1, an edit Is done in floating point format. 
If PART is 2, an edit is done in fixed point format. 

MESH is the mesh power edit indicator. The block power is edited by expanding 
the gross or fine block power and printing by mesh element. This block power 
edit by mesh is not available in quadrilateral geometry ( i t Is turned off If 
requested). For one - dimensional problems only, if the value of P2 ( last 
plane) is negative, block power is printer-plotted as well as printed. 

In addition, whenever MESH is any non-zero value, an edit of the maximum block 
power value for each block plane is also edited where the entire radial space is 
scanned for the designated planes. If MESH Is negative, only this maximum edit 
is done. The value of HESH determines whether gross block or fine block power 
is to be edited: 
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I f MESH i s 0 , no e d i t i n g i& d o n e . 

Vf iSiS Is i: gro^sbblock^pr^^riTs^JilUi. 
If MESH Is 3 , both gross and f ine block power are e d i t e d . 

If f ine blocking i s not being done and MESH i s non-zero, the value of MESH i s 
automat i ca l ly s e t to 2 (gross block e d i t only)^ 

This card i s de l e t ed from case to c a s e . 
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1 2 . 4 . EDIT REQUEST INPUT PREPARATION: MESHWISE EDIT DATA 

The a v e r a g e power and a l l n u c l i d e c o n c e n t r a t i o n s e x i s t f o r e a c h g r o s s b l o c k 
i n the problem; i f the prob lem i n c l u d e s f i n e b l o c k i n g , the power and a s u b s e t 
o f the c o n c e n t r a t i o n s e x i s t f o r e a c h f i n e b l o c k . Any o f t h i s d a t a may be e d i t e d 
f o r e a c h mesh e l e m e n t In non - q u a d r i l a t e r a l g e o m e t r y p r o b l e m s . S i n c e , i n 
g e n e r a l , a b l o c k i s l a r g e r than a s i n g l e mesh e l e m e n t , t h i s e d i t smears the d a t a 
i n t o the a p p r o p r i a t e mesh e l e m e n t s s o t h a t the d a t a c a n be p r i n t e d i n a r e g u l a r 
g r i d p a t t e r n . There a r e two d i f f e r e n t t y p e s o f mesh e d i t s and, i n the c a s e o f 
one - d i m e n s i o n a l p r o b l e m s , a t h i r d type of mesh e d i t . 

The f i r s t type o f mesh e d i t s e m p l y p r i n t s a v a l u e f o r e a c h mesh e l e m e n t . 
R e c a l l t h a t i n h e x a g o n a l g e o m e t r y , t h e s e mesh e l e m e n t s a r e t r i a n g l e s . The 
r e g i o n to be e d i t e d i s s p e c i f i e d s e p a r a t e l y f o r n u c l i d e c o n c e n t r a t i o n s ; t h i s 
s p e c i f i c a t i o n i s i n p u t on c a r d 0 1 0 0 0 7 and c o n s i s t s o f the f i r s t and l a s t 
c o l u m n s , the f i r s t and l a s t r o w s , and t h e f i r s t and l a s t p l a n e s to e d i t . I f 
t h i s card i s m i s s i n g , the e n t i r e p r o b l e m s p a c e I s the d e f a u l t s p a c e . The 

iziiixuiui: ''diifori'' t̂ e "̂Sjuttô  i""III z mi: iitiii: sisii; iii 
r";:slu^*'"ta?ie"ndUatlSi'i^:s; bT^kli^lue^ andea nfga^T^^USl'lidlcI?;:^ 

For the average power, the e d i t reg ion s p e c i f i e d for polntwise power e d i t s 
i s used. The same card Is used to s p e c i f y the average power e d i t opt ion (card 
010006, see S e c t i o n 1 2 . 3 ) . 

Another type of mesh e d i t , c a l l e d a d i s p l a y e d i t , i s very compact s i n c e i t 
does not pr in t a value for each mesh element but Instead p r i n t s a s i n g l e 
character for each mesh element. This character represents a "range* of va lues 
between a minimum and maximum. A table i s Included with each Item ed i t ed g i v i n g 
the characters and the a s s o c i a t e d ranges . Each item may be ed i t ed over a 
separate s p e c i f i e d e d i t reg ion . Such data i s Input on cards 020101 - 020199 for 

i%zi\ -̂5SS3?f "?ir-c;sfJ?ri?ion:Tfttrs:irtioi!^^^e Ji^i^j^nac^Jf t^J: 
cards i s : the I d e n t i f i c a t i o n of the Item t o ^ e e d i t e d , n u ^ e r of increment. to 
?:r;. ?i^i"^e 7.lTon ll e d t r d l r i t ^rT^^t^iTum^,'^IT^liJ^IidsS^ri^^,^'iSl 
f i r s t and l a s t p l a n e s ) . 

A third type of e d i t i s a v a i l a b l e for one - dimensional problems. In t h i s 
opt ion , the data may be pr in ter - p l o t t e d as wel l as pr in ted . 

A summary of the card input required to s p e c i f y mesh e d i t s Is as f o l l o w s : 

010006 
010007 

010151 - 010159 
010161 - 010169 
020101 - 020199 
020201 - 020299 
020301 - 020399 

power by mesh element ( s e e S e c t i o n 12.3) 
e d i t reg ion for concentrat ions by mesh element 
nuc l ide ID'S, e d i t concentrat ions before d e p l e t i o n 
nucl ide ID'S, e d i t concentrat ions a f t e r d e p l e t i o n 
power d i s p l a y e d i t d e f i n i t i o n s 
d i s p l a y e d i t d e f i n i t i o n s , concentrat ions before d e p l e t i o n 
d i s p l a y e d i t d e f i n i t i o n s , concentrat ions a f t e r d e p l e t i o n 

D e t a i l s of each of these card s e r i e s f o l l o w s . 

Spat ia l Concentration Edit Space D e e i n i t i o n 

010007, CI, C2. Rl, R2. PI , P2 

CI i s the lowest po int column to e d i t . 
C2 i s the h ighes t point column to e d i t . 
Rl i s the lowest point row to e d i t . 
B2 i s the h ighes t point row to e d i t . 
PI Is the lowest point plane to e d i t . 
P2 Is the h ighes t point plane to e d i t . 

This card Is used to def ine the space to e d i t b lock - concentrat ions neabwise. 
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The card is optional and If omitted the default edit space Is the entire problem 
space. 
The six numbers (Gl - P2) describe the three - dimensional region used for 
meshwise concentration edits and are, in order, first and last columns, first 
and last rows, and first and last planes. This card does not request any 
editing but must be used in conjunction with the 01015S and O1016S cards which 
define nuclides to edit before and after depletion respectively. These edits 
are Ignored (deleted) In quadrilateral geometry. 
For one - dimensional problems only, if P2 is negatlve, the concentrations are 
printer - plotted as well as printed. 
This card Is deleted from case to case. 

N^lur^sh^^it 
01O1XS, IDd), ID(2), ID(3), ... 

I D d ) Is the numeric ID of a nuc l ide for which mesh e d i t i n g of the block 
concentrat ion Is to be performed. The value of X determines when 
the concentrat ions are to be ed i t ed as fo l l ows : 

a. X = 5 Is for concentrat ions before dep le t ion ; 
b . X = 6 Is for concentrat ions a f t e r the dep le t i on i n t e r v a l . 

If the ID i s p o s i t i v e , an e d i t of gross block concentrat ions i s done; If the ID 

Lit SI?^iI^;ert^eipr:irIi":eii^:il":rtSi:rin pos^?:; ulJoiiTilii^ny^ " 
These e d i t s are Ignored (no error) in quadr i la tera l geometry. 

These cards are de le ted from case to c a s e . 

02OXSS, ID, INCH, MIN. MAX, PRINT, CI. G2, HI, R2, PI , P2 

ID Is e i t h e r 1 ( f o r power) or the numeric nucl ide i d e n t i f i c a t i o n to 
e d i t depending on the value of X as f o l l ows : 

b.. X = 2 iH^a^ c o ^ e i t r a t i o n before d e p l e t i o n ; 
c . X » 3 means concentrat ion a f t e r the d e p l e t i o n i n t e r v a l . 

INCR i s the number of i n t e r v a l s to use for c a t e g o r i z i n g the data . This 
value must be p o s i t i v e and no greater than 36. The characters used 
for increas ing values of the categor ized data are the d i g i t s 0 
through 9 fol lowed by the l e t t e r s A through Z in that order. Thus, 
i f INCR were 10 then o n l y the d i g i t s 0 through 9 would be used to 
d i s p l a y the data and o n l y 10 Interva l s of data would be categorIzed. 

HIN Is the mininnm data value to cons ider . If HIN i s zero , the program 
w i l l pre-scan the data and automat ica l ly determine the minimum 
non-zero va lue . This Item Is f l o a t i n g po int . 

MAX i s the maximum data value to cons ider . If MAX i s zero , the program 

: i :^zer ; : i : : . tfeisdtJem Iffi::Ji:^'ini;!^ *^""'*"* t*" '^-"^ 
PRINT i s an indicator of vrfiether to pr int the d i s p l a y values and frequency 

chart or j u s t the frequency chart . A value of 0 w i l l cause on ly the 

C I T: "h^s u S . J'^^Tnr lo i S t to%5i t"!' 
C2 i s the h ighes t point column to e d i t . 
Rl i s the lowest point row to e d i t . 
R2 i s the h ighest point row to e d i t . 



PDQ-8 REFERENCE MANUAL 1 2 . 4 ( 5 / 7 8 ) P a g e 3 
1 2 . EDIT BEQUEST INPUT PREPARATION 4 . MESHWISE EDIT DATA 

E a c h o p t i o n a l c a r d r e p r e s e n t s one e d i t r e q u e s t and may c o n t a i n f rom 1 t o 11 d a t a 
I t e m s . The l a s t t e n i t e m s d e f a u l t t o : 

3 6 , 0 . 0 . 0 . 0 , 0 , 0 , COLBDY, O, ROWBDY, 0 , PLNBDY 

where COLBDY, ROWBDY, and PLNBDY a r e t h e maximum p r o b l e m c o l u m n s , r o w s , and 
p l a n e s r e s p e c t i v e l y . T h e s e d e f a u l t v a l u e s i m p l y t h a t I f a n e d i t r e q u e s t 
c o n t a i n e d o n l y one i t e m ( t h e I D ) , a n e d i t would b e o b t a i n e d w i t h t h e f o l l o w i n g 
c h a r a c t e r i s t i c s : t h e i n t e r v a l b e t w e e n t h e p r o g r a m d e t e r m i n e d minimum and 
maximum v a l u e s would be b r o k e n up I n t o 36 i n t e r v a l s and a f r e q u e n c y c h a r t o n l y 
would be p r i n t e d r e p r e s e n t i n g d a t a s c a n n e d over t h e e n t i r e p r o b l e m s p a c e . 

The minimum and maximum v a l u e s and t h e i r l o c a t i o n s a r e a l w a y s p r i n t e d w i t h t h e 
f r e q u e n c y c h a r t . 

Fo r e a c h X p r e s e n t , t h e SS = 0 1 , 0 2 , . . . , 9 9 s e q u e n t i a l l y . 

T h e s e c a r d s a r e d e l e t e d f rom c a s e t o c a s e . 
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1 2 . 5 . EDIT REQUEST INPUT PREPARATION: BLOGKWISE EDIT DATA 

The a v e r a g e power and a l l n u c l i d e c o n c e n t r a t i o n s e x i s t f o r e a c h g r o s s b l o c k 
In the problem; If the p r o b l e m I n c l u d e s f i n e b l o c k i n g , the power and a s u b s e t 
o f the c o n c e n t r a t i o n s e x i s t f o r e a c h f i n e b l o c k . T h i s b l o c k d a t a m a y b e e d i t e d 
d i r e c t l y . Such an e d i t i s much more compact than a mesh e d i t s i n c e t h e r e i s no 
e x p a n s i o n o f the d a t a o v e r a l l mesh e l e m e n t s a s s o c i a t e d w i t h a b l o c k and t h e r e 
i s no imposed mesh g r i d s t r u c t u r e . ^owever , s i n c e b l o c k i d e n t i f i c a t i o n b y b l o c k 
number I s d i f f i c u l t to d e c i p h e r , t h i s type of e d i t u t i l i z e s a u s e r d e f i n e d 
s t r u c t u r e i n the v a r i o u s g e o m e t r y l a b e l s a s s o c i a t e d w i t h e a c h b l o c k to I d e n t i f y 
the p r i n t e d d a t a . For g r o L b l o c i d a t a , f i n a l f i g u r e s and p l a n a r r e g i o n s a J 

i d e n t i f y the d a t a o f i n t e r e s t . 

These t y p e s o f e d i t a r e c a l l e d HIERABGHICAL e d i t s b e c a u s e the u s e r d e f i n e s 
an o r d e r e d s e t o f s t r u c t u r e s and t h i s s e t r e p r e s e n t s a h i e r a r c h y of l e v e l s o f 
s t r u c t u r e s . The u s e r c r e a t e s t h i s s t r u c t u r e by d e f i n i n g d i s j o i n t f i e l d s i n the 
e x i s t i n g g e o m e t r y l a b e l s ( f i n a l f i g u - e and p l a n a r r e g i o n or c h a n n e l and t r a c k ) . 
Each f i e l d i s d e f i n e d a s a s e t o f c o n t i g u o u s d e c i m a l d i g i t s In the g e o m e t r y 

. , l . . . . d , f 5 . . th. r i r . . (h i , i» . . ) , u ^ i d.«. to the 1..t . p , c m « 1.^1 

Multiple h i e r a r c h i e s may be defined in the same problem. For each quant i ty 
e d i t e d , the maximum and minimum values and the ir "locat ion* (g iven by defined 
l a b e l s as noted prev ious ly ) are pr in ted . In the scan for maximum and minimum 
v a l u e s , zero values are ignored. An opt ion e x i s t s to scan a defined s tructure 
and pr int on ly such maximum and minimum values and the ir l o c a t i o n . 

Of course , t h i s e d i t system depends on the user to include some s tructure 
in the various geometry l a b e l s . 

In these e d i t s , s u b - s t r u c t u r e s wiiich conta in nothing but zero data va lues 
are not pr in ted . At the lowest l e v e l , data values are printed across a l ine and 
leading zero va lues are skipped. 

Cards 0103HO are used to def ine the H-th hierarchy. The data on these 
cards c o n s i s t s of an Indicator of gross or f ine block data to e d i t , number of 
l e v e l s in the f i r s t f i e l d ( f i g u r e or channel ) , then t r i p l e t s of the form 
[ s u b - f i e l d name, f i r s t decimal d i g i t . and l a s t decimal d i g i t ! . Cards 
0103H1 - 0103H9 are used to s p e c i f y e d i t s In hierarchy H. The data on these 
cards c o n s i s t s of an i d e n t i f i c a t i o n of the data, a s h o r t / l o n g pr int form 

^Sin^^s' ir^zu loir^*:;' JJruiT. ,gitettSî ?:;i*e"r(iSm Ĵtrteve loLAii 
ot i n t e r e s t . 

A summary of the Input data used to request opt ional blockwise e d i t s i s as 
f o l l o w s : 

0103H0 : h ierarchy H d e f i n i t i o n 
0i03H1 - 0103H9 : e d i t d e f i n i t i o n s for hierarchy H 

D e t a i l s of each of these cards f o l l o w s . 
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merarc^^finition 

0103H0, GF, LEVELSl. NAMEd), Did), D2(l), NAHE(2). Dl(2), D2(2), ... 
GF i s the ind ica tor of gross or f ine block data . (S* ^ 0 liiq>lles gross 

block data , GF = 1 implies f ine b lock data . 
LEVELSl i s the number of l e v e l s in the f i r s t f i e l d ( f i n a l f igure number for 

gross b l o c k s , channel number for f ine b l o c k s ) . 
NAMEd) i s the name of the i - t h s u b - f i e l d being defined by the fo l lowing 

d i g i t s . This item Is alphanumeric, from one to ten charac ters . 
D i d ) i s the f i r s t decimal d i g i t in the 1-th s u b - f i e l d counting from r i g h t 

D 2 d ) i s the l a s t decimal d i g i t In the i - t h s u b - f i e l d counting from r i g h t 
to l e f t . 

Up to ten h i e r a r c h i e s may be defined us ing H = 0 , 1, . . . , 9 not n e c e s s a r i l y 
s e q u e n t i a l l y . 

Blockwise Edit Requests 

01O3HS, ID, PRINT, FORM, PI, P2, LEVd), LEV(2), ... 
ID i s the i d e n t i f i c a t i o n of the data to be e d i t e d as fo l lows: 

a. If ID i s z e r o , b lock average power i s e d i t e d ; 
b. If ID i s n e g a t i v e , t h i s i s the numeric nuc l ide i d e n t i f i c a t i o n of 

a nucl ide whose concentrat ion before d e p l e t i o n i s to be e d i t e d ; 
c . If ID i s p o s i t i v e , t h i s i s the numeric nucl ide i d e n t i f i c a t i o n of 

a nuc l ide whose concentrat ion a f t e r the d e p l e t i o n in terva l i s to 
be e d i t e d . 

PRINT i s an indicator of idiether the e n t i r e e d i t i s to be printed or Just 
the minimum and maximum values and t h e i r loca t ions are to be 
pr in ted . If PRINT - O, on ly the minimum and maximum e d i t i s done; 
i f PRINT := 1, the e n t i r e e d i t i s done. 

FORM i s an indicator of the form of the data values pr in ted . If 
FOBM = 0 , the data Is printed in a more conpact f ixed point form 

iori l t iz ld 5rbeeiiiJ"unityn'" irFOBM -**1, ^hl da?^"l i tJr lSi f inIa 

fdr]s:lfhL*HH!>iirne*?oiii;. 
'^''' '^I'-^i^'Tiitn irih:'i:i:'o%'ieinastSe i;i?fie'S-lifliitioS^:^ 

cards 0103HO. 
Each card represents one edit. 

Neither the H - 0, 1, ... , 9 nor the S » 1, 2, ... , 9 need be sequential. 
These cards are deleted from case to case. 
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1 3 . 1 . SUB-CASE INPUT PREPARATION: SUB-CASE DATA 

There a r e e l e v e n p o s s i b l e input q u a n t i t i e s per s u b - c a s e . These i t ems a r e 
input o n c a r d s e r i e s 2xxSSS where SSS - 0 0 1 , 0 0 2 999 s e q u e n t i a l l y . Each 
s u b s e r i e s xx - 0 1 , 0 2 , . . . , 11 s p e c i f i e s d a t a o f one k ind f o r a l l s u b - c a s e s . 
A l l s u b - c a s e Input c a r d s a r e d e l e t e d from c a s e t o c a s e . The number o f d a t a 
Items i n t h e f i r s t s u b s e r i e s ( 0 1 ) d e t e r m i n e s the number o f s u b - c a s e s d e f i n e d . 
A l l o t h e r s u b - c a s e d a t a c a r d s ( s u b s e r i e s 0 2 , 0 3 , . . . , 11) a r e o p t i o n a l but i f 
a n y s s u b s e r i e s ^ s e p r e s e n t . i t m u s t l c o n t a l n ^ x a c t l y theesametnumbe^ i o f d e I t e m s a a s 

c o n s i s t e n c y c h e c k s a r e made a s d e s c r i b e d b e l o w f o r e a c h i t e m . 

S u b - c a s e d a t a f o r a n y o p t i o n i s m e a n i n g l e s s i f t h a t p a r t i c u l a r o p t i o n was 
n o t s p e c i f i e d i n the p a r e n t c a s e . For e x a m p l e , i f a 1-D s e a r c h prob lem 
s p e c i f i e d z e r o f o r the s e a r c h c r i t e r i o n ( I t e m 2 on c a r d 010051) ii)q>lying no 
s e a r c h , a s e a r c h r e q u e s t on c a r d s e r i e s 204SSS i s i g n o r e d . That i s , a s e a r c h 
can be "turned o f f " and t h e n "turned on" a g a i n i n v a r i o u s s u b - c a s e s i f the 
p a r e n t c a s e s p e c i f i e d a s e a r c h . But i f no s u c h s e a r c h was s p e c i f i e d , the s e a r c h 
c a n n e v e r be "turned on* i n a s u b - c a s e . These same comments a p p l y to thermal 
and x e n o n f e e d b a c k s . In a s i m i l a r manner, s u b - c a s e r e p l a c e m e n t cannot be done 
i f the a p p r o p r i a t e r e p l a c e m e n t d a t a I s n o t p r e s e n t In the p a r e n t c a s e . 

NOTE 

S i n c e s u b - c a s e r e s t a r t s a r e p o s s i b l e , a l l comments 
In t h i s s e c t i o n a b o u t the " f i r s t " s u b - c a s e 
a c t u a l l y p e r t a i n to t h e f i r s t s u b - c a s e e x e c u t e d . 
A l s o , i f a s p e c i a l p a t h ( i t e m 1 n o n - z e r o on c a r d 
010000) h a s b e e n s p e c i f i e d In the p a r e n t c a s e , 
o n l y the f i r s t s u b - c a s e i s performed f o r the 
p a r t i c u l a r p a t h c h o s e n . 

Sub-Case I d e n t t f i c a t i o n s 

201SSS , I D E N T d ) , IDEHT(2), 

IDENTd) i s an a l p h a n u m e r i c q u a n t i t y r e p r e s e n t i n g the SUB-CASE IDENTIFICATION 
f o r the 1 - t h s u b - c a s e . Each o f t h e s e a lphanumer ic q u a n t i t i e s c o n s i s t s 
o f from one to t e n c h a r a c t e r s . For e a c h s u b - c a s e , t h i s i t e m i s u s e d 
to I d e n t i f y the o u t p u t o f the s u b - c a s e and i s I n s e r t e d In to columns 71 
t h r o u g h 80 o f t h e t i t l e o n the p r i n t e d o u t p u t . o n 

The SSS - 0 0 1 , 0 0 2 999 s e q u e n t i a l l y . 

D e p l e t i o n Time I n t e r v a l s 

202SSS, DELTAd) , DELTA(2), . . . 

DELTAd) I s a f l o a t i n g p o i n t q u a n t i t y r e p r e s e n t i n g the DEPLETION TIME INTERVAL 
f o r the 1 - t h s u b - c a s e . Hie u n i t s o f e a c h v a l n e i s h o u r s . The d e f a u l t 
v a l u e i s z e r o and t h e s e i t e m s must be z e r o i f i t e m 3 on c a r d 0 1 0 0 0 8 
(DELTMX, the maximum time I n t e r v a l b e t w e e n thermal f l u x 
r e n o r m a l i z a t l o n s ) i s z e r o . For e a c h s u b - c a s e , thermal f l u x 
r e n o r n a l i z a t l o n s a r e performed c o r r e c t l y a s s u m i n g DELTMX on c a r d 
0 1 0 0 0 8 h o l d s f o r a l l s u b - c a s e s . Item 2 on c a r d 0 1 0 0 0 8 ( T ( l ) ) i s n o t 
u s e d to d e f i n e the f i r s t d e p l e t i o n I n t e r v a l ; i n s t e a d s u b - c a s e d a t a 
from t h i s s u b s e r i e s w i l l be u s e d . 

• • 

/ 
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NOTE 
If for the f i r s t sub-case : (a) the dep le t i on time in terva l i s 
non-zero, (b) the e f f e c t i v e power l e v e l i s non-zero, and ( c ) a 
dep le te - before - s p a t i a l c a l c u l a t i o n w i l l be done, the 

r!^t:grrte^rri;^"F!le'^s^nag:??:;ui'*?i!;'m::ttbe*?atrsneJ!'^ 

In the f i r s t sub-case c a l c u l a t i o n , T(0) i s obtained from the f i r s t 
item on card 010008. For a l l subsequent s u b - c a s e s , the cumulative 
EFPH ( E f f e c t i v e Ful l Power Hours) i s added to the f i r s t T(0) to y i e l d 
a current va lue . If the time in terva l Is s p e c i f i e d as n e g a t i v e , the 

i t ^ l E D M ^ i ^ L i u s e r t o ' u ^ d l t e T^SiefroS sTlTsl l o^ub-case?™^' ' t *"* 

The SSS = 001 , 002, . . . , 999 s e q u e n t i a l l y . 

Power Fract ions 

203SSS. P F d ) , PF(2) , . . . 

The SSS = 001 , 002, . . . , 9 9 9 s e q u e n t i a l l y . 

Control Search Indicators 

204SSS, CSINDd), CSIND(2), . 
CSINDd) i s a f ixed point quant 1ty represent ing the CONTROL SEARCH INDICATOR 

for the i - t h sub-case . If any poison search or a 2-D or 3-D contro l 
search has been requested In the parent c a s e , t h i s item represents the 
maximum number of search t r i e s per sub-case . Each item must be 
nonnegative . A value of z ero , which Is the de fau l t va lue . Implies no 

m«!ti-;onfSura?loi^ie^^ ^stbLr"e*queller%ns ?hi°'^J;en{f iJ'J! 
these ind ica tors have three p o s s i b l e meanings. If the indicator 1^ 
n e g a t i v e , the absolute value i s used as the conf igurat ion and no 
s e f r c h iL performed; i f the indicator Is z e r o , the c L f i g u r a t i o n from 

^j^ffgu^^ti^n'ioT''^ s^^rchr^irth^ai^jic^toruirpos-iti;?: thet^:;^^ 
1̂  "-Hi ^?i*?t "^s^^cî f ,'^oL'ifTruridoi°'z:rr^rai;ot''*i: itLv-itn 
i^::ir4ct'^::iffgura!ion°:s^t; bJ%di^riri jrconri^rrtior^e 

The SSS - 001 , 002 999 s e q u e n t i a l l y . 
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Control Search Eigenvalues 

205SSS, CEIGENd), GEIGEN(2), ... 
CEIGENd) i s a f l o a t i n g point quant i ty represent ing the CONTROL SEARCH 

EIGENVALUE for the i - t h sub-case . The de fau l t value i s that search 
e igenvalue s p e c i f i e d on card 010031 f̂ or a poison search or a 2-D or 
3-D contro l search; on card 010051 for a 1-D mul t t -conf igurat ion 

The SSS = 001, 002, 999 s e q u e n t i a l l y . 

Thermal Feedback Indicators 

206SSS, TINDd) , TIND(2), . . . 

TINDd) is a fixed point quantity representing the MAXIMDM NUMBER OF THEBHAL 
FEEDBACK TRIES for the i-th sub-case. The default valne is zero (no 
feedback). This data is meaningful only If thermal feedback was 
specified in the parent case. 

The SSS = 001, 002, 999 sequentially. 

Xenon Feedback Indicators 

207SSS, XINDd), XIND(2), 
XINDd) is a fixed point quantity representing the MAXIMUM NUMBER 

FEEDBACK TRIES for the i-th sub-case. The default value i 
feedback). This data is meaningful 
specified in the parent case. only if 

OF XENON 
zero (no 

feedback was 

The SSS = 001, 002, 999 sequentially. 

Concentration Replacement Indicators 

208SSS, REPLd), REPL(2), ... 
REPLd) Is a f ixed point quant i ty represent ing the CONCENTRATION REPLACEMENT 

INDICATOR for the 1-th s u b - c a s e . Each value i s e i t h e r zero (de fau l t 
value) meaning no replacement, or i s one meaning to do replacement. 
This data i s allowed to be non-zero only i f concentrat ion replacement 
data i s present in the parent case . 

The SSS =: 001, 002, 999 s e q u e n t i a l l y . 

Deple t ion Path Indicators 

209SSS, DPATHd), DPATH(2), . . . 
DPATHd) is a fixed point quantity representing the DEPLETION PATH INDICATOR 

for the 1-th sub-case. The default value is Item 5 on card 010008 
(DEPTIM). Each indicator may assume the valne of minus one, zero, or 

» • 

• • • 

» • 
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p l u s one to i n d i c a t e t h a t d e p l e t i o n i s n o t to o c c u r , t h a t d e p l e t i o n i s 
to o c c u r b e f o r e the s p a t i a l c a l c u l a t i o n , or t h a t d e p l e t i o n i s to o c c u r 
a f t e r the s p a t i a l c a l c u l a t i o n r e s p e c t i v e l y . Of c o u r s e , the prob lem 
must be d e p l e t a b l e f o r t h e s e v a l u e s to be a l l o w e d . 

The SSS = 0 0 1 , 0 0 2 , . . . , 999 s e q u e n t i a l l y . 

Output F i l e V e r s i o n Number Increments 

210SSS, V I N G R d ) , VIHCR(2), 

VIN(ni(i) i s a f i x e d p o i n t q u a n t i t y r e p r e s e n t i n g the OUTPUT FILE VERSION NUMBER 
INCREMENT f o r the i - t h s u b - c a s e . D e f a u l t v a l u e s a r e 0 , 1, 2 , 3 , 
. . . f o r s u c c e s s i v e s u b - c a s e s . These i n c r e m e n t s o p e r a t e on the 
n o n - z e r o p a r e n t c a s e v e r s i o n numbers , n o t on p r e v i o u s s u b - c a s e v a l u e s . 
If card 0 1 0 0 2 2 ( o u t p u t f i l e v e r s i o n numbers) i s n o t i n p u t In the n e x t 

T̂siont̂ umb:?*̂ "̂ f ^th:"Tasrtrcair S^^i ''v^'^iJ^ ' ' K : 
i o n - L " r o * ( p a ^ L ^IsJe^l^^ ^ r ^ b f c o i ^ ^ l e b ; ^ ^ ^ ^ ^ ' ^ 
greSi ter than 999 . 

The SSS = 001, 002, . . . , 999 s e q u e n t i a l l y . 

F la t /Prev ious Flux Guess Indicators 

211SSS. FGUESSd), FGUESS(2). 
FGUESSd) i s a f ixed point quant i ty represent ing the POINTWISE FLUX - (HJESS 

INDICATOR for the I - t h s u b - c a s e . The defau l t value i s one (use f lux 
from the previous s u b - c a s e ) . The al lowable va lues are zero ( f l a t ) or 
one ( p r e v i o u s ) . A f l a t f l u x guess Is one for which u n i t y i s used for 
every group and every point except that a value of zero i s used for 
every group at the p o i n t s on zero f lux boundaries. 

The SSS = 001 , 002 999 s e q u e n t i a l l y . 

F i r s t and Last Sub-Cases to Execute 

200000. FIRST. LAST 
FIRST Is the f i r s t sub-case to execute . 

LAST Is the l a s t sub-case to execute 

If sub-cases have been s p e c i f i e d , t h i s opt iona l card may be Input conta in ing 
e i t h e r one or two v a l u e s . The de fau l t va lues for these are FIRST " 1 and LAST = 
the number of s u b - c a s e s . 

FIRST may be used to continue a Job vdilch f a i l e d for some reason before a l l 
sub-cases were completed. This a l lows a problem to be r e s t a r t e d without 
re-sequeucing a l l of the sub-case data cards; a l l that Is required i s to 

I • • 

> • • 
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NOTE 
Do not use both t h i s 200000 card r e s t a r t 
c a p a b i l i t y and that on card 010000 ( see Sec t ion 
9 .1) s i n c e a c o n t r a d i c t i o n can occur. The 
sub-case r e s t a r t on card OlOOOO i s more automatic 
and i s preferred; for example, the correct input 
and output F i l e Jfanager f i l e s are automaatcally 
determined by the program without user 
in tervent ion other than including the des ired 
f i r s t sub-case on card 010000. However, both 

c^^r^ct t^lur?or'T(Orfora*SeilrtabirproMem!*'^ 

j^ta-rr^^^Tt'Tt ii^iir.i ^^i^Mt (irnoiT^ ^\\^i:ti. s"^—e 
There may be none, one, or two values on t h i s card and i t a l s o i s de le ted from 
case to c a s e . Of course FIRST must be s t r i c t l y p o s i t i v e and l e s s than or equal 
to LAST; in turn, LAST must be no greater than the number of sub-cases Input as 
determined by cards 201SSS. 
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1 4 . 1 . SYNTHESIS INPUT PREPARATION: SYNTHESIS DATA 

A l l s y n t h e s i s input d a t a a p p e a r s on the 6 0 0 0 0 0 s e r i e s o f c a r d s . I f the 
prob lem type i s n o t s y n t h e s i s ( i t e m 1 on c%rd 010001 i s n o t 5 ) , a l l o f t h e s e 
c a r d s a r e a u t o m a t i c a l l y d e l e t e d from t h a t c a s e but c a r r y o v e r i n t o the n e x t 
c a s e . T h i s f e a t u r e I s a c o n v e n i e n c e to a l l o w the g e n e r a t i o n of t w o - d i m e n s i o n a l 
t r i a l f u n c t i o n s u s i n g an Input d e c k td i i ch d e s c r i b e s the t h r e e - d i m e n s i o n a l 
s y n t h e s i s prob lem. 

E i t h e r two - d i m e n s i o n a l f l u x s o l u t i o n s or i n d i v i d u a l p l a n e s from a t h r e e -
d i m e n s i o n a l f l u x s o l u t i o n s e r v e a s the " t r i a l f u n c t i o n s " f o r t h r e e - d i m e n s i o n a l 
s y n t h e s i s s o l u t i o n s . These f l u x s o l u t i o n s must have b e e n g e n e r a t e d p r e v i o u s l y 
and s a v e d a s F i l e Manager p o l n t w i s e f l u x f i l e s . A H t r i a l f u n c t i o n s are 
i d e n t i f i e d by [ v e r s i o n number, synonym] p a i r s In a manner I d e n t i c a l to a l l o t h e r 
F i l e Manager f i l e s input o r o u t p u t by the program. When the program s a v e s s u c h 
f i l e s , a l l groups o f p o l n t w i s e f l u x are s a v e d i n one F i l e Hbnager f i l e . 
However, t r i a l f u n c t i o n s f o r i n d i v i d u a l groups c a n be e x t r a c t e d from I n c h f i l e s 
and n o t a l l g r o u p s need be u s e d . 

The f o l l o w i n g i s a summary o f the card Input f o r a s y n t h e s i s prob lem, b o t h 
r e q u i r e d and o p t i o n a l . 

6 0 0 0 0 0 
600001 
6 0 0 0 0 2 
6 0 0 0 0 3 
6 0 0 I 1 0 

6 0 0 1 I I - 600119 
6ZZO01 - 6ZZ009 

660001 - 660999 

s y n t h e s i s r e s i d u a l c o m p u t a t i o n , e d i t 
number o f t r i a l f u n c t i o n s i n e a c h group 
t r i a l f u n c t i o n zone b o u n d a r i e s 
w e i g h t , t r i a l f u n c t i o n p o s i t i o n d e l e t i o n 
t h r e e - d i m e n s i o n a l f l u x f i l e ID 
t r i a l f u n c t i o n s l i c i n g p l a n e s 
t r i a l f u n c t i o n I D ' s , a l l g r o u p s , zone ZZ 
t r i a l f u n c t i o n I D ' s , group g , zone ZZ 
t r i a l f u n c t i o n mapping, group g , z o n e ZZ 
d i f f e r e n c e f u n c t i o n d e f i n i t i o n s 

A more d e t a i l e d d e s c r i p t i o n o f t h i s d a t a i s g i v e n b e l o w . 

S y n t h e s i s R e s i d u a l s 

6 0 0 0 0 0 , RESID 

RESID i s the s y n t h e s i s r e s i d u a l i n d i c a t o r . T h i s c a r d i s used to r e q u e s t , 
the c o m p u t a t i o n and e d i t i n g o f b o t h r e l a t i v e and a b s o l u t e s y n t h e s i s 
r e s i d u a l s f o r e a c h a x i a l p o i n t and g r o u p . The card i s o p t i o n a l and 
may c o n t a i n one f i x e d p o i n t q u a n t i t y , e i t h e r z e r o ( d e f a u l t , no 
r e s i d u a l s ) or one (do r e s i d u a l s ) . 

NOTE 

T h i s o p t i o n a u t o m a t i c a l l y c r e a t e s a s p e c i a l " t e n t " f u n c t i o n 
a s p o s i t i o n one In the t r i a l f u n c t i o n d e s c r i p t i o n but 
d e l e t e s the f u n c t i o n use i n the s p a t i a l c a l c u l a t i o n . 

T h i s c a r d I s d e l e t e d from c a s e to c a s e . 
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Trial Functions per Croup 

emmi, K(1), K(2), . . . , K(GROUPS) 

K(e) i s the number of t r i a l funct ion in group g in each zone. This card 
i s required in a s y n t h e s i s prol>Ieia and there mnst be the same number 
. r I t . n <.> t h l . c . r 4 . . t h . iniid^r . f groups In t l » problem. Each 

£?i,T4o?t.s-:^r^^/«?:iv:ipl"V.':j,-;:!-;iis"i.;r^.3.' 

Tria l Function Zone Boundaries 

600002, BDY<d), BDY(2), 
BDY(i) i s an a x i a l point plane number. This card i s used to s p e c i f y the 

t r i a l funct ion zone boundaries. The card i s required In a s y n t h e s i s 
problem and s p e c i f i e s the zone boundaries by givinfir the highes t 
numbered a x i a l mesh point in a zone. The zone boundary a c t u a l l y 
occurs h a l f ^ y bet ,^en the s p e c i f i e d point and the next higher 
numbered p o i n t . A gross plane may conta in at most one t r i a l 

Trial - Weight Function D e l e t i o n ' 

600003, NOWT, NOTR 
NOWT des ignate s the p o s i t i o n of a funct ion which Is to be used as a t r i a l 

funct ion but not as a , ^ i g h t funct ion . 

" ^ l e i i r j r n c J ^ L ^ b ^ r i : ? : i I Saf^fSnc-?!:;. " to ''e - ' as a 

J J l l o ^ l \ S ? ^ J % r : s L r irm^i^^^^alni^io l^^l !̂  V^^^ i'^tT^ lons^^ ld̂ f̂̂ J all 
groups and a l l zones . 

Three Dimensional Flux F i l e ID 

600I10, V3D. S3D, S2D 
V3D i s the v e r s i o n number of a three dimension f l u x f i l e , some of the 

planes of which are to be used as t r i a l funct ions . Each v e r s i o n 
number must be greater than zero and l e s s than 1000. 

S3D i s the alphanumeric synonym of a three dimension f lux f f i l e o n e ^ f o ^ 
ten charac ter s . 

S2D Is the "synonym" to be used for a l l t r i a l funct ions extracted from 

:fph.si-?tc,oL.ts tl^t^.AlT.rsl"" " " f"•• "■" " " is 
This card input in conjunct ion with the next cards (descr ibed below) nay 
o p t i o n a l l y be used to descr ibe some or a l l of the s y n t h e s i s t r i a l funct ions as 

i?^o?!sr.!J,? :^ r c;rdd̂ ";̂ ii??:i ^riirL^iri:^ AiT^u{ii\\..if\i^i 
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p o l n t w l s e f l u x f i l e to be u s e d f o r t r i a l f u n c t i o n e x t r a c t i o n and the "synonym" 
to be a s s o c i a t e d w i t h s u c h t r i a l f u n c t i o n s . These c a r d s are o p t i o n a l and t h e r e 
may be o n e , two , or t h r e e i t ems p r e s e n t . If e i t h e r or b o t h o f the synonyms a r e 
o m i t t e d o r have a b l a n k v a l u e , the d e f a u l t synonym used i s POINTFLUX. 

S l i c i n g P l a n e s from 3-D F i l e 

6 0 0 I I S , PLANE(l) , VERS( l ) , PLANE(2), VERS(2), . . . 

PLANEd) is the i-th plane to be extracted as a trial function from the 3-D 
file identified on card 6O0IIO. 

VERS(1) is the "version number' to be associated with the trial function 
extracted from axial point PLANE(i). 

For any of 11=01,02,...49 for which card 6O0IIO Is present, these cards specify 
[point plane number, version number] pairs giving the plane numbers to be 
extracted from the 3-D file and associating them with version numbers. These 
version numbers along with the "synonym" S2D (see card 600110) are then used in 
the trial function description. 
The value of S = 1, 2 9 sequentially. 

6ZZO0S, VERSd), S¥N(1), VERS(2), SYN(2), ... 
VERS(i) i s the v e r s i o n number of the t r i a l funct ion In p o s i t i o n 1 for a l l 

groups in zone ZZ. 
SYN(1) i s the synonym of the t r i a l funct ion in p o s i t i o n 1 for a l l groups in 

ZZ. l l i i s value i s alphanumeric, one to ten characters . zone 
These cards s p e c i f y the [ v e r s i o n number, synonym] pairs which are the F i l e 
Ifanager i d e n t i f i c a t i o n s for t r i a l funct ions to be used in a l l groups in zone ZZ. 
Success ive p a i r s def ine i d e n t i f i c a t i o n s for succes s ive t r i a l funct ion p o s i t i o n s 
in zone ZZ. 

Each s u b s e r i e s ZZ i s o p t i o n a l . However, if M i s the maximum number of t r i a l 
funct ions in any group, there must be H pa irs g iven for each zone ZZ which i s 
input. If for some group K(g) i s l e s s than M, only the f i r s t K(g) t r i a l 

S:j:i!'-T.-?-;ir?.»'yr:5-.^;.ri;i.;T«iitToiJ"ii;'jrijr..;iil??.r-tJ''M^; 

The vers ion nuinbers are f ixed po Int and the synonyms are one to ten charac ter 
alphanumeric. If a synonym has a blank va lue , the defaul t synonym used i s 

?!i?tTon^.( 1 ! £ t ^ e ! . ; X r r e ] S ; ? , o T o n ' ^ i r r n « i % o ^ d S [ I l ^ , is%uJi^atcaui 

The value of S = 1, 2 , . . . , 9 s e q u e n t i a l l y . 
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6ZZgOS, VERSd), SYN(l), VERS(2), SYN(2). ... 
VERS(1) i s the vers ion number of the t r i a l funct ion in p o s i t i o n 1 for group 

g In zone ZZ. 

S?jj.?"t;o:?tilo'i.!o^«[i:;"';r?^i;iotu^»?:'i,.-Jo;ifi5J.parint5:~'M! 
Success ive pa ir s def ine i d e n t i f i c a t i o n s for s u c c e s s i v e t r i a l funct ion p o s i t i o n s 
In zone ZZ. Each s u b s e r i e s ZZ i s o p t i o n a l . However, there must be K(g) pa irs 
giveir for group g for each zone ZZ which i s input. These cards , i f present , are 

^\Sk£'\^Ttftl'^th^^ -'̂ '̂ ^ tufie-rJ^fSd 
;rphaTusm:̂ ?c -̂"*ir - . l ^ X r ^ ^r i S n l ' ^ ? ^ ?C d^?aun sj^^ny^^se-rtsr 
KiJIToJ^'d!! * ^ r ^ r r el^;t'o"roS'^lro''nui'boL;d™Iir)'Is*au"^atcall) 
suppl ied by the program. 

Either s e t of cards 6ZZ001 - 6ZZO09 or 6ZZg01 - 6ZZg09 may be omitted and the 
other s e t nsed to complete ly def ine the t r i a l funct ion i d e n t i f i c a t i o n s , or they 
may be used in any combination. In e i t h e r c a s e , each i d e n t i f i e d F i l e Manager 
pointwise f lux f i l e must (1) conta in at l e a s t as many groups as e x i s t in the 

: S t S : i T i r ^ i l ^ l h ^ l ^ J i ^ J l S ^ ^ ^ i ^ ^ l ^ ^ t h e s T ^ r ^ b l ^ i " " " ' dimensions (columns 

The value of S = , . 2 9 s e q u e n t i a l l y . 

T r i a l Function Mapping 

eZZglS, G d ) , G(2) . 

group g. 

These cards s p e c i f y a mapping of the group numbers of the t r i a l funct ions as 
nsed in the s y n t h e s i s problem INTO the group numbers of the t r i a l funct ion 
f luxes ( those from the F i l e Ifanager polntwlse f lux f i l e s ) . For example, the 
t r i a l funct ion used in the second group may be from the f i r s t group in t r i a l 
funct ion p o s i t i o n 1. from the second group in t r i a l funct ion p o s i t i o n 2 , and 

t^:e .*M.l'fr?ioS''f?r '^oZV, i r^i :%nj i^ ?; cjS" :"T:i"*6^ii a« 
These cards are o p t i o n a l . However, there must be K(g) values g iven for group g 
for each zone ZZ idilch i s input. If the data i s miss ing , the group 
correspondence of the t r i a l funct ion f luxes wi th the s y n t h e s i s c a l c u l a t i o n i s 
assumed to be one - to - one. 

The value of S « 1, 2 . . . . . 9 s e q u e n t i a U y . 

• * 
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Difference Function D e e i n i t i o n s 

660SSS, VERSd), SYNd) , VERS(2), SYNC2), VERS(3), SYN(3) 

VERSd) i s the "version number" of a t r i a l funct ion which i s to be created 
as the d i f f e r e n c e of two other funct ions . 

SYNd) i s the "synonym" of a t r i a l funct ion which i s to be created as the 
d i f f e r e n c e of two other funct ions . This value i s alphanumeric, one 
to ten charac ter s . 

VERS(2) i s the v e r s i o n number of the f i r s t t r i a l funct ion used in c r e a t i n g 
the d i f f e r e n c e funct ion . 

SYN(2) i s the synonym of the f i r s t t r i a l funct ion used in c r e a t i n g the 
d i f f e r e n c e funct ion . This value i s alphanumeric, one to ten 
charac ter s . 

VERSO) i s the v e r s i o n number of the second t r i a l funct ion used in c r e a t i n g 
the d i f f erence funct ion . 

SYN(3) i s the synonym of the second t r i a l funct ion used in c r e a t i n g the 
d i f f e r e n c e funct ion . This value i s alphanumeric, one to ten 
c h a r a c t e r s . 

These cards may be nsed to s p e c i f y d i f ference funct ions . The cards are opt ional 
and the SSS may be any of 001 to 999, not n e c e s s a r i l y s e q u e n t i a l . If present , 
each card must conta in three [ v e r s i o n number, synonym] pa irs which are the F i l e 
nbnager i d e n t i f i c a t i o n s for t r i a l func t ions . The third t r i a l funct ion 
i d e n t i f i e d i s to be subtracted from the second to form a d i f ference funct ion . 
This d i f f erence funct ion i s used in a l l required groups as that t r i a l funct ion 

The vers ion numbers are f ixed point and the synonyms are one to ten character 
alphanumeric. If a synonym has a blank va lue , the defaul t synonym used i s 
POINTFLUX. If the [ v e r s i o n number, synonym] pair i s [0,UNITY], a f l a t t r i a l 
funct ion ( 1 . 0 everywhere except 0 .0 on zero f lux boundaries) i s automaatcal ly 
suppl ied by the program. 
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1 5 . 1 . FEEDBACK INPUT PREPARATION: ONE-DIMENSIONAL SEARCH DATA 

To s p e c i f y a one - d i m e n s i o n a l m n l t i - c o n f i g u r a t i o n s e a r c h , the problem 
must be one - d i m e n s i o n a l o f c o u r s e . The mesh s p a c l n g s i n the a r e a which i s 
"moved", t h a t i s , on e i t h e r s i d e o f a movable boundary , must be c o n s t a n t . In 
a d d i t i o n , the c o m p o s i t i o n c o r r e s p o n d e n c e may be to f i n a l f i g u r e or p l a n a r r e g i o n 
but may n o t , i n e i t h e r c a s e , be o n e - t o - o n e . 

One c a r d , c o n t a i n i n g e i t h e r t h r e e or four d a t a i t e m s , i s r e q u i r e d to s e l e c t 
the m u l t i - c o n f i g u r a t i o n c a p a b i l i t y . The card number i s 010051 and the d a t a 
i t e m s I n c l u d e the d e s i r e d e i g e n v a l u e , the d e s i r e d a c c u r a c y o f the c o n v e r g e d 
e i g e n v a l u e , and d a t a wh ich s p e c i f i e s "which way i s up" f o r r e f e r e n c e p u r p o s e s . 
In a d d i t i o n , two o p t i o n a l c a r d s a r e a v a i l a b l e . One o f the c a r d s , numbered 
0 1 0 0 5 2 , can be used to s p e c i f y the i n i t i a l c o n f i g u r a t i o n ; the o t h e r o p t i o n a l 
c a r d , numbered 0 1 0 0 5 3 , c a n be u s e d to l i m i t the s e a r c h i n t h a t the t o t a l number 
o f s e a r c h t r i e s can be s p e c i f i e d a s w e l l a s the maximum number o f p o i n t s t h a t 
c a n be "moved" i n any one s e a r c h t r y . 

A summary o f the c a r d input a v a i l a b l e f o r t h i s s e a r c h Is a s f o l l o w s : 

010051 : s e a r c h s p e c i f i c a t i o n 
0 1 0 0 5 2 : o p t i o n a l i n i t i a l c o n f i g u r a t i o n 
0 1 0 0 5 3 : o p t i o n a l s e a r c h l i m i t a t i o n s 

D e t a i l s o f e a c h o f t h e s e c a r d s i s g i v e n befow. 

One-Dimens iona l S e a r c h S p e e c f i c a t i o n 

0 1 0 0 5 1 , EIG, EPSC, UPDOWN, REFER 

EIC i s the d e s i r e d e i g e n v a l u e . T h i s v a l u e i s f l o a t i n g p o i n t . 
EPSC i s the d e s i r e d " c l o s p n e s s " o f the computed e i g e n v a l u e . T h i s v a l u e 

i s f l o a t i n g p o i n t . The s e a r c h i s t e r m i n a t e d when the computed 
e i g e n v a l u e i s w i t h i n EPSC of the d e s i r e d e i g e n v a l u e EIG. I f EPSC i s 
z e r o , no s e a r c h i s per formed . If EPSC i s n e g a t i v e , the a b s o l u t e 

bfiit : î*s %e-^ir;reijei;;:lur?r^:i°L?ai^ri;, lAdi 
i s immeddate ly a b o r t e d . 

UPDOW i s a n ^ i n d i c a t o r o f ^ h i c h - ^ ^ I ^ ^ ^ ^ . p o f J « ^ - „ o ; / t - T t ? : m " o f " 1 h : 

"^'^^ l i l^S i :?r* ' :n l r :d ir"the pdls lan^^f^rmovIS^^o^l^ries^urrni th^ 
s e a r c h I f ? h i s v a l u e i s m i s s i n g the botTom(serUPDOWN) i s u s e d 
a s t £ ; i e f e r e L r i o L l I t I r ^ e q S t r e d ! ^ t M F E J ^ i s n o n - i l g a H v e 

There may be t h r e e or four v a l u e s on t h i s c a r d . 

I n i t i a l C o n f i g u r a t i o n 

« 1 0 0 5 2 , INITIAL 

INITIAL i s the i n i t i a l c o n f i g u r a t i o n to b e g i n the s e a r c h . The v a l u e o f 
INITIAL must be n o n - n e g a t i v e and uo g r e a t e r than the l a r g e s t 
c o n f i g u r a t i o n s p e c i f i e d ( s e e S e c t i o n 1 0 . 5 ) . 

If t h i s card i s p r e s e n t and a F i l e Manager input g e o m e t r y f i l e Is p r e s e n t , the 
o r i g i n a l ( u n p e r t u r b e d ) g e o m e t r y d e s c r i p t i o n i s used a l o n g w i t h the s p e c i f i e d 
i n i t i a l c o n f i g u r a t i o n number to o b t a i n the a c t u a l input geometry d e s c r i p t i o n . 
I f t h i s c a r d i s not p r e s e n t and a g e o m e t r y f i l e i s n o t i n p u t , c o n f i g u r a t i o n z e r o 
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i s c h o s e n a s the i n i t i a l c o n f i g u r a t i o n . I f t h i s c a r d i s n o t p r e s e n t and a F i l e 
Ifonager input g e o m e t r y f i l e i s p r e s e n t , the a c t u a l i n p u t g e o m e t r y d e s c r i p t i o n i s 
o b t a i n e d by u s i n g the p e r t u r b e d g e o m e t r y from the f i l e a l o n g w i t h the 
c o n f i g u r a t i o n number o b t a i n e d from the f i l e . 

NOTE 

See S e c t i o n 1 0 . 5 on c a u t i o n In the s p e c i f i c a t i o n 
o f " i n i t i a l c o n f i g u r a t i o n * s i n c e t h e r e a r e t h r e e 
s e p a r a t e methods o f p r o v i d i n g s u c h i n p u t d a t a . 

To s p e c i f y m u l t i p l e c o n f i g u r a t i o n s , s e e S e c t i o n 1 0 . 5 . However, i f movable 
b o u n d a r i e s a r e to be p r e s e n t f o r a c o n f i g u r a t i o n , a d d i t i o n a l i n f o r m a t i o n must be 
p r o v i d e d . To s p e c i f y a "movable" boundary , s i m p l y s e t the c o m p o s i t i o n number 
n e g a t i v e . The h i g h e s t numbered p o i n t i n t h a t c o m p o s i t i o n assggnment i s t h e n a 

c"^SJ !t : r : : r i g n S ^ ^ ^ \ l ^ S^rtnlersvap!^^^r?L'^ol^ J^S^rifs^aniJ^t 
b e ^ m o v a b l e " . S l t i p l e movable b o u n d a r i e s c a n be p l a c ^ i n a s i l S l e 
c o n f i g u r a t i o n . 

T h i s card i s o p t i o n a l and i s a l l o w e d to be p r e s e n t o n l y 
c o n f i g u r a t i o n s e a r c h h a s b e e n s p e c i f i e d . 

T h i s c a r d i s d e l e t e d from c a s e to c a s e . 

i f a m u l t i 

S e a r c h L i m i t a t i o n s 

0 1 0 0 5 3 , TRYS. HAXMOV 

TKYS i s t h e maxinnm uuiid>er o f s e a r c h t r i e s t o d o . I f t h i s many t r i e s a r e 
a c t u a l l y p e r f o r m e d , the s e a r c h I s t e r m i n a t e d a s though I t had 
c o n v e r g e d n o r m a l l y . I f t h i s c a r d i s m i s s i n g , the d e f a u l t v a l u e u s e d 

HAXNOV i s the maximum number o f p o i n t s t h a t a movable boundary i s a l l o w e d 

llfaTiT^\l. L-rd Ti"!i: cn:^\:i;idarif t''" - ' " "'"'"^^ t*-
This card i s opt iona l and i s al lowed 
conf igurat ion search has been s p e c i f i e d . 

to be present on ly i f a mnltt -
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1 5 . 2 . FEEDBACK INPUT PREPARATION: TWO-DIMENSIONAL SEARCH DATA 

The two - d i m e n s i o n a l movable f u e l or c o n t r o l rod s e a r c h I s a v a i l a b l e o n l y 
i n two - d i m e n s i o n a l c y l i n d r i c a l (R-Z) g e o m e t r y . The a x i a l mesh (*Z" d i r e c t i o n ) 
must be c o n s t a n t i n the p o s i t i o n s through which the c o n t r o l e l e m e n t I s moved. 

T h i s s e a r c h o p t i o n r e q u i r e s t h a t t h r e e , or p o s s i b l y f o u r , c a r d s be p r e s e n t , 
and a f i f t h d a t a c a r d I s o p t i o n a l . The f i r s t o f the r e q u i r e d c a r d s , numbered 
0 1 0 0 3 1 , c o n t a i n s t h r e e d a t a i t e m s c o x s i s t l n g of the d e s i r e d e i g e n v a l u e , the 
a c c u r a c y d e s i r e d i n the computed e i g e n v a l u e , and the a c c u r a c y o f the computed 
e i g e n v a l u e d u r i n g s e a r c h t r i e s . The s e c o n d r e q u i r e d c a r d , numbered 0 1 0 0 3 2 , 
c o n t a i n s i n f o r m a t i o n w h i c h l i m i t s t h e s e a r c h and p r o v i d e s r e f e r e n c e d a t a . T h i s 
d a t a c o n s i s t s o f the maximum number o f s e a r c h t r i e s , the maximum move o f the 
c o n t r o l e l e m e n t on any s i n g l e s e a r c h t r y , the a x i a l l i m i t s w i t h i n w h i c h the 
c o n t r o l e l e m e n t i s a l l o w e d to move, and a r e f e r e n c e p o i n t . The t h i r d o f the 
r e q u i r e d c a r d s , numbered 0 1 0 0 3 3 , c o n t a i n s a v a r i a b l e number o f d a t a i t ems 
d e s c r i b i n g the r a d i a l and o p t i o n a l l y the a x i a l e x t e n t o f the c o n t r o l e l e m e n t . 
T h i s d a t a c o n s i s t s o f l e f t and r i g h t p a i r s o f r a d i a l (co lumn) p o i n t numbers. 

S&S?iriielie°;:Ire%a ^Vl F f i f S a ^ ^ T J n j i t T o ^ e t ^ M r l J n^rJ;ese:?'^'lJ 
s u c h a f i l e i s p r e s e n t and t h i s c a ^ r C a l s o p r f s e S t , the card d a t a o v e r i i d e s 
the like data from the geometry f i l e 1 ^ data on this card consists of the top 
and b o t t o m d e f i n i t d o n s o f ^ e C o n t r o l e l ^ n t and a o ^ e s s f o r the i n i t i a l ^ r t h 

]>08 i t i o n . 

A summary o f t h e s e c a r d s I s a s f o l l o w s : 

010031 : d e s i r e d e i g e n v a l u e , " c l o s e n e s s " s p e c i f i c a t i o n s 
0 1 0 0 3 2 : s e a r c h l i m i t a t i o n s , r e f e r e n c e p o s i t i o n 
0 1 0 0 3 3 : r a d i a l ( a n d , o p t i o n a l l y the a x i a l ) e x t e n t o f c o n t r o l 
0 1 0 0 3 4 : a x i a l e x t e n t o f c o n t r o l e l e m e n t , w o r t h 
010035 : o p t i o n a l i n i t i a l move 

D e t a i l s o f e a c h o f t h e s e c a r d s i s g i v e n b e l o w . 

Two-Dimens iona l S e a r c h S p e e c f i c a t i o n 

0 1 0 0 3 1 , EIG. EPSC, EPSS 

EIG i s the d e s i r e d e i g e n v a l u e . T h i s v a l u e i s f l o a t i n g p o i n t . 
EPSC i s the d e s i r e d " c l o s e n e s s " o f the c o n f u t e d e i g e n v a l u e to the d e s i r e d 

e i g e n v a l u e . The s e a r c h la t e r m i n a t e d when the coiia>uted e l g e n v a l n e 
i s w i t h i n EPSC of the d e s i r e d e i g e n v a l u e EIG. If EPSC Is z e r o , the 
s e a r c h w i l l t e r m i n a t e when the c o n t r o l e l e m e n t has b e e n moved to the 
d i s c r e t e ( a x i a l ) mesh p o s i t i o n a s s o c i a t e d w i t h the computed 
e i g e n v a l u e c l o s e s t to EIG. T h i s v a l u e i s f l o a t i n g p o i n t . 

EPSS i s the d e s i r e d c o n v e r g e n c e o f the f l u x i t e r a t i o n s b e f o r e a new 
s e a r c h c a l c u l a t i o n i s p e r f o r m e d . T h i s v a l u e i s f l o a t i n g p o i n t . 

S e a r c h L l m i t a t t o n s 

0 1 0 0 3 2 , TRYS, HAffliOV, MINBOT, HAXTOP, REFER 

TRYS i s the maximum nuinber o f s e a r c h t r i e s t o do ( z e r o f o r no s e a r c h ) . 
The s e a r c h w i l l be t e r m i n a t e d a f t e r t h i s many t r i e s , but the program 
w i l l go back t h r o u g h a n o t h e r r e c a l c u l a t i o n o f the f l u x and 
e i g e n v a l u e based on t h e c u r r e n t p o s i t i o n In o r d e r to c o n v e r ^ e the 
s o l u t i o n to the s p e c i f i e d prob lem parameter ( c a r d 0 1 0 0 0 3 , s e e 
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S e c t i o n 9 . 1 ) . The s e a r c h w i l l be t e r m i n a t e d n o r m a l l y a s though I t 
had c o n v e r g e d but w i t h an a p p r o p r i a t e comment. 

MAXHOV i s the maximum number o f ( a x i a l ) p o i n t s t h a t the c o n t r o l e l e m e n t 
w i l l be a l l o w e d to move on a n y s i n g l e s e a r c h t r y . T h i s v a l u e must 
be p o s i t i v e . 

MINBOT i s the minimum a x i a l p o i n t number to wh ich the BOTTOM ( h i g h e s t 
numbered p o i n t in the c o n t r o l e l e m e n t ) w i l l be a l l o w e d to move. 

MAXTOP i s the maximum a x i a l p o i n t number to w h i c h the TOP ( l o w e s t numbered 
p o i n t i n the c o n t r o l e l e m e n t ) w i l l be a l l o w e d to move. 

REFER i s a r e f e r e n c e ( a x i a l ) p o i n t number. The r e f e r e n c e p o s i t i o n i s u s e d 
a s the z e r o p o s i t i o n o f the BOTTOM of the c o n t r o l e l e m e n t . T h i s 
v a l u e i s used to c a l c u l a t e and e d i t the d i s t a n c e s from t h i s 
r e f e r e n c e p o i n t to the BOTTOM of the c o n t r o l e l e m e n t . For e x a m p l e , 
i f the a x i a l mesh increment i s X c e n t i m e t e r s , and i f the c u r r e n t 
p o s i t i o n o f the BOTTOM o f the c o n t r o l e l e m e n t i s ( a x i a l ) p o i n t B, 
t h e n the i n d i c a t e d p o s 1 t o n o f the c o n t r o l e l e m e n t w i l l be 

?rir^;;Si;s) Nf*L r^i t^^iUnVTi'^ti I'-ziiVtr.r'/oUTiii 
i n d i c a t i o n . 

R a d i a l (and A x i a l ) E x t e n t o f C o n t r o l Element 

0 1 0 0 3 3 , L d ) , R d ) . L ( 2 ) , R(2) , 
. . . , O, T ( 2 ) , B ( 2 ) , . . 

0 , T d ) , B d ) , L ( k ) , R ( k ) , L ( k + 1 ) , R(k+1) 

L d ) i s a column number d e s c r i b i n g the l e f t s i d e o f a p o r t i o n o f the 
r a d i a l e x t e n t o f the c o n t r o l e l e m e n t . T h i s number must be 
n o n - n e g a t i v e and l e s s than the column boundary . I f co lumn z e r o i s 
to be the l e f t boundary o f a p o r t i o n o f one o f the c o n t r o l e l e m e n t s , 
the p a i r [ 0 , R ( i ) ] must be the f i r s t p a i r l i s t e d i n the r a d i a l 
d e f i n i t i o n o f t h a t e l e m e n t . 

R d ) i s a column number d e s c r i b i n g the r i g h t s i d e o f a p o r t i o n o f the 
r a d i a l e x t e n t o f the c o n t r o l e l e m e n t . T h i s number must be g r e a t e r 
than L d ) and no g r e a t e r than the column boundary . A s e t o f 
[ L ( i ) , R ( i ) ] p a i r s up to the n e x t z e r o d e f i n e s the r a d i a l e x t e n t o f a 
p o r t i o n o f the c o n t r o l e l e m e n t . 

T ( j ) i s the top o f the J - t h p o r t i o n o f the c o n t r o l e l e m e n t b e i n g d e f i n e d 
b y the i m m e d i a t e l y p r e c e d i n g s e t o f [ L d ) , R d ) ] p a i r s . T h i s i s the 
l o w e s t numbered a x i a l p o i n t i n the c o n t r o l e l e m e n t p o r t i o n . 

B ( j ) i s the b o t t o m o f the J - t h p o r t i o n o f the c o n t r o l e l e m e n t b e i n g 
d e f i n e d by the i m m e d i a t e l y p r e c e d i n g s e t o f [ L ( i ) , R ( i ) ] p a i r s . T h i s 
i s the h i g h e s t numbered a x i a l p o i n t i n the c o n t r o l e l e m e n t p o r t i o n . 

The [ L ( i ) , R ( l ) ] p a i r s a r e s e p a r a t e d from t h e i r a s s o c i a t e d [ T ( j ) , B ( j ) ] p a i r by a 
z e r o . T h i s z e r o and the T ( j ) and B ( J ) may be m i s s i n g i f t h e r e i s o n l y one TOP 
and BOTTOM f o r a l l c o n t r o l e l e m e n t p o r t i o n s . In t h i s c a s e , T d ) and B d ) a r e 
d e f a u l t e d t o TOP and BOTTOM r e s p e c t i v e l y from c a r d 0 1 0 0 3 4 . 

The columns i n c l u d e d i n a l l o f the [ L ( i ) , R ( i ) ] p a i r s must be u n i q u e . That i s , 
none o f the r a d i a l e x t e n t p o r t i o n s c a n o v e r l a p . 

A x i a l E x t e n t o f C o n t r o l E l e m e n t , Worth 

0 1 0 0 3 4 , TOP, BOTTOM, WORTH 

TOP i s the a x i a l p o i n t number w h i c h i s the top o f the c o n t r o l e l e m e n t . 
T h i s i s the l o w e s t numbered a x i a l p o i n t number i n the c o n t r o l 
e l e m e n t . TOP must be l e s s than or e q u a l to T ( j ) f o r a l l j ( s e e c a r d 

BOTTOM i s the a x i a l p o i n t number w h i c h Is the b o t t o m o f the c o n t r o l 
e l e m e n t . T h i s I s the h i g h e s t numbered a x i a l p o i n t number In the 
c o n t r o l e l e m e n t . BOTTOM must be g r e a t e r than or e q u a l to B ( j ) f o r 
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a l l J ( s e e card 0 1 0 0 3 3 ) . 
WORTH i s an e s t i m a t e o f the i n i t i a l v a l u e f o r the change i n e i g e n v a l u e due 

to a one c e n t i m e t e r change in a x i a l p o s i t i o n . The s i g n c o n v e n t i o n 
f o r WORTH i s a s f o l l o w s : i f WORTH i s p o s i t i v e , a move downward 
( t o w a r d s I n c r e a s i n g a x i a l p o i n t number) d e c r e a s e s the e i g e n v a l u e ; 
i f WORTH i s n e g a t i v e , a move downward i n c r e a s e s the e i g e n v a l u e . 
T h i s v a l u e i s f l o a t i n g p o i n t and must not be z e r o . 

I f a two - d i m e n s i o n a l c o n t r o l s e a r c h has b e e n s p e c i f i e d , t h i s card i s r e q u i r e d 
i f a F i l e Manager input g e o m e t r y f i l e i s n o t p r e s e n t . I f s u c h a f i l e i s p r e s e n t 
and t h i s card i s a l s o p r e s e n t , the c a r d d a t a o v e r r i d e s the l i k e d a t a from the 
g e o m e t r y f i l e ; i n t h i s c a s e , the T(J) and B ( j ) d a t a on c a r d 0 1 0 0 3 3 a l s o 
o v e r r i d e s the l i k e d a t a from the g e o m e t r y f i l e . 

T h i s c a r d i s d e l e t e d from c a s e to c a s e . 

I n i t i a l Hove S p e e c f i c a t i o n 

0 1 0 0 3 5 , MOVE, EXACT 

MOVE i s a d e s i r e d I n i t i a l p o s i t i o n . The program w i l l move the b o t t o m o f 
the c o n t r o l e l e m e n t to t h i s p o s i t i o n ( r e l a t i v e to REFER) b e f o r e 
p e r f o r m i n g a s p a t i a l c a l c u l a t i o n . T h i s v a l u e i s f l o a t i n g p o i n t . 

EXACT i s an i n d i c a t i o n o f how p r e c i s e the I n i t i a l move i s r e q u i r e d to b e . 
If EXACT i s n e g a t i v e , no i n i t i a l move i s per formed; i f EXACT i s 
z e r o , a move i s performed s u c h t h a t the bo t tom of the c o n t r o l 
e l e m ; n t i s a t ?he ( a x i a l ) mesh p o i n t n e a r e s t the d e s i r e d p o s i t i o n , 

\U^tl^ri\i^ %rix^:t?r':rthrd?sir^i p^^itiJn^r thf 
s e a r c h I s turned o f f (no s e a r c h i s d o n e ) . 

Note t h a t the p o s i t i o n i n d i c a t e d b y MOVE i s d e s c r i b e d a s a d i s t a n c e from the 
p o i n t REFER to the p o i n t BOTTOM; t h i s d i s t a n c e i s a lways i n CENTIMETERS 

nif:?u:r:u;'^Mis^Usii^:r^fiorts!rT;iu;i'^L-^^e e**̂ ^̂  p°̂ i"^^ ô^ 
The e d i t e d o u t p u t d u r i n g the s e a r c h c o n t a i n s r e f e r e n c e s to " i n c r e m e n t a l " moves . 
An I n c r e m e n t a l move i s s i m p l y a move which i s an e x a c t m u l t i p l e o f the a x i a l 
mesh i n c r e m e n t . Thus , the p r i o r s t a t e m e n t s about " n e a r e s t " mesh Imply a n 
i n c r e m e n t a l move to some a x i a l mesh p o i n t . 

T h i s c a r d i s d e l e t e d from c a s e t o c a s e . 
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1 5 . 3 . FEEDBACK INPUT PREPARATION: THREE-DIMENSIONAL SEARCH DATA 

Two d i f f e r e n t t y p e s o f t h r e e - d i m e n s i o n a l c o n t r o l s e a r c h e s a r e a v a i l a b l e 
i n the program: a t h r e e - d i m e n s i o n a l movable f u e l or c o n t r o l rod s e a r c h , and a 
f a s t rod - s e a r c h a v a i l a b l e i n t h r e e - d i m e n s i o n a l s y n t h e s i s p r o b l e m s . Each o f 
t h e s e s e a r c h e s i s m u t u a l l y e x c l u s i v e and s o the input r e q u i r e d f o r e a c h type o f 
c o n t r o l s e a r c h w i l l be d e s c r i b e d s e p a r a t e l y . 

THREE-DIMENSIONAL MOVABLE FUEL or CONTROL ROD SEARCH 

The t h r e e - d i m e n s i o n a l movable f u e l or c o n t r o l rod s e a r c h i s a v a i l a b l e i n 
b o t h t h r e e - d i m e n s i o n a l e x p l i c i t and s y n t h e s i s p r o b l e n s . The a x i a l ("Z" 
d i r e c t i o n ) mesh, the number o f a x i a l meshes per g r o s s p l a n e , the number o f 
meshes p e r f i n e p l a n e ( i f a n y ) , and the number o f f i n e p l a n e s ( i f any) p e r g p o s s 
p l a n e must be c o n s t a n t i n the p o s i t i o n s t h r o u g h which the c o n t r o l e l e m e n t i s 

T h i s s e a r c h o p t i o n r e q u i r e s t h a t t h r e e , or p o s s i b l y f o u r , c a r d s be p r e s e n t , 
and a f i f t h d a t a card i s o p t i o n a l . The f i r s t o f the r e q u i r e d c a r d s , numbered 
0 1 0 0 3 1 , c o n t a i n s t h r e e d a t a i t e m s c o n s i s t i n g o f the d e s i r e d e i g e n v a l u e , the 
a c c u r a c y d e s i r e d i n the computed e i g e n v a l u e , and the a c c u r a c y o f the computed 
e i g e n v a l u e d u r i n g s e a r c h t r i e s . The s e c o n d r e q u i r e d c a r d , numbered 0 1 0 0 3 2 , 
c o n t a i n s i n f o r m a t i o n which l i m i t s the s e a r c h and p r o v i d e s r e f e r e n c e d a t a . T h i s 
d a t a c o n s i s t s o f the maximum number of s e a r c h t r i e s , the maximum move o f the 
c o n t r o l e l e m e n t on any s i n g l e s e a r c h t r y , the a x i a l l i m i t s w i t h i n w h i c h the 
c o n t r o l e l e m e n t i s a l l o w e d to move, and a r e f e r e n c e p o i n t . The t h i r d o f the 
r e q u i r e d c a r d s , numbered 0 1 0 0 3 3 , c o n t a i n s a v a r i a b l e nnmbe,r o f d a t a i t ems 

firJit!^^ ffistrdrtr'-^ln^l^rorJln^r??^;;! l^^^lre'^r^LS^n ^^e'ri 
(>ATIhe;er correspond to compos i t i o n a r a n d . o p U o S ^ l y ! the a x u l extent o r e a c h 
p ^ U o n of the coStrol element. The fourth c a r r i u i i e r e d 0 0034, is required 
if a File Manager iSput geometry f i l e is not present? If such a f i l e is present 
and this card is also present the card d a t a o ^ r ; i d e s the like datafrom the 
«eome{ry f i l e The data on t h i s card c o M l s t s o f l t o t i p and bottom d I f i n i U o n I 

A summary of these cards i s as f o l l o w s : 

010031 : des ired e igenva lue , "closeness" s p e c i f i c a t i o n s 
010032 : search l i m i t a t i o n s , reference p o s i t i o n 
010033 : transverse planar (and, o p t i o n a l l y the a x i a l ) extent of 

contro l element 
010034 : a x i a l ex tent of contro l element, worth 
010035 : opt ional i n i t i a l move 

D e t a i l s of each of these cards i s g iven below. 

Three-Dlmenslonal Movable Fuel Search S p e e c f i c a t i o n 

010031, EIG, EPSC, EPSS 
EIG i s the des ired e i g e n v a l u e . This value Is f l o a t i n g p o i n t . 

EPSC i s the des ired "c loseness* of the computed e igenvalue to the des ired 
e igenva lue . For t h i s search , on ly zero i s al lowed for t h i s item. 
The search w i l l terminate when the control element has been moved to 
the d i s c r e t e ( a x i a l ) mesh p o s i t i o n a s s o c i a t e d wi th the computed 

:iK.°j;':;o:i°n:»t:oSiJ;r.'^-.;s*^?L";:'';.i.'.!S'pi?:;. " "" 
EPSS i s the des ired convergence of the f lux i t e r a t i o n s before a new 
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search calculation is performed. This value is floating point. 

Search_Li^tations 

010032, TRYS, MAXMOV, MINBOT, MAXTOP, REFER 
TRYS is the maximum number of search tries to do (zero for no search). 

The search will be terminated after this many tries, but the program 
will go back through another recalculation of the flux and 
eigenvalue based on the current position in order to converge the 
solution to the specified problem parameter (card 010003, see 
Section 9.1). The search will be terminated normally as though it 
had converged but with an appropriate comment. 

MAXHOV is the maximum number of (axial) points that the control element 
will be allowed to move on any single search try. This value must 
be at least as large as the number of axial mesh intervals per gross 
plane in the control element. This value must be positive. 

MINBOT i s the minimum a x i a l point number to which the BOTTOM (highest 
numbered point in the control element) will be allowed to move. 
This value must be a gross plane boundary. 

MAXTOP i s the maximum a x i a l point number to which the TOP ( lowest numbered 
point in the contro l element) w i l l be allowed to move. This value 
must e i t h e r be zero or a gross plane boundary. 

REFER i s a reference ( a x i a l ) point number. The reference p o s i t i o n i s used 
as the zero p o s i t i o n of the BOTTOM of the contro l element. This 
value is used to c a l c u l a t e and e d i t the d i s t a n c e s from t h i s 
reference point to the BOTTOM of the control element. For example, 
i f the a x i a l mesh increment i s X cent imeters , and i f the current 
p o s i t i o n of the BOTTOM of the control element i s ( a x i a l ) point B, 

l o c a t i o n of the e lement. Therefore, a l l re ferences to the BOTTOM 
p o s i t i o n in t h i s s e c t i o n re fer to the input value on card 010034 as 

Transverse (and Axial) Extent of Control Element 

010033, R d ) , R(2) , . . . , 0 , T d ) , B d ) , R(k), R(k+1) 0 , T(2) , B(2 ) , . . . 

R d ) i s a f i n a l f igure number or planar reg ion number, whichever 
corresponds to composi t ions . This s e t of R( 1) def ines the 
transverse extent of a port ion of the control element. The R(1) 
wi th in a por t ion (up to the next zero) must be in increas ing order 
of absolute va lue . The f o r m R d ) , - R d + l ) maybe used to s p e c i f y 
numbers R( 1) , R( i ) + 1, R d ) + 2 R d + l ) . 

T( j ) i s the top of the j - t h port ion of the contro l element being defined 
by the immeedately preceding s e t of R( 1) . This i s the lowest 
numbered a x i a l point in the control element port lon . This value 
must be a gross plane boundary. 

B(j) i s the bottom of the J - t h port ion of the centro l element being 
defined by the immeedately preceding s e t of R( i ) . This i s the 
h ighest numbered a x i a l point In the control element portion. This 
value must be a gross plane boundary. 

The R( 1) are separated from the [T(j),B(j)] pairs by a zero. This zero and the 
T(J) and B(J) may be missing if there Is only one TOP and BOTTOM for all control 
element portions. In this case, Td) and B( 1) are defaulted to TOP and BOTTOM 
respectively from card 010034. 
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The R d ) , a s w e l l as a l l t h e n u m b e r s I m p l i e d f rom t h e form R d ) , - R d + 1 ) , mus t 
be u n i q u e . 

A x i a l E x t e n t o f C o n t r o l E l e m e n t , Wooth 

0 1 0 0 3 4 , TOP, BOTTOM, WORTH 

TOP i s t h e a x i a l p o i n t number w h i c h i s t h e t o p o f t h e c o n t r o l e l e m e n t . 
T h i s i s t h e l o w e s t numbered a x i a l p o i n t number i n t h e c o n t r o l 
e l e m e n t . TOP must be l e s s t h a n o r e q u a l t o T ( j ) f o r a l l j ( s e e c a r d 
0 1 0 0 3 3 ) . I n a d d i t i o n , TOP must be e i t h e r z e r o o r a g r o s s p l a n e 

BOTTOM i r ^ h r i i i a l p o i n t number w h i c h i s t h e b o t t o m o f t h e c o n t r o l 
e l e m e n t . T h i s i s t h e h i g h e s t numbered a x i a l p o i n t number i n t h r 

WORTH ?r:i%%^emate of the ^ S l i i l S r i x t a i ^ o ^ ^ t l lS^^^^k^sUr^I^J^^t t ln 

IZJi^r iLrlaitii^-xlar JJS ^ ^ s i l t ^ t^l ^ ^ 

^rsfuî IrftHHigCî rllf^^:/̂ ^^^^^ 
I f a t h r e e - d i m e n s i o n a l c o n t r o l s e a r c h h a s b e e n s p e c i f i e d , t h i s c a r d i s 
r e q u i r e d i f a F i l e Manager i n p u t g e o m e t r y f i l e i s n o t p r e s e n t . I f s u c h a f i l e 
i s p r e s e n t and t h i s c a r d i s a l s o p r e s e n t , t h e c a r d d a t a o v e r r i d e s t h e l i k e d a t a 
f rom t h e g e o m e t r y f i l e ; i n t h i s c a s e , t h e T ( j ) and B ( j ) d a t a o n c a r d 0 1 0 0 3 3 
a l s o o v e r r i d e s t h e l i k e d a t a f rom t h e g e o m e t r y f i l e . 
T h i s c a r d i s d e l e t e d f rom c a s e t o c a s e . 

I n i t i a l Move S p e e c f i c a t i o n 

0 1 0 0 3 5 , MOVE, EXACT 

HOVE I s a d e s i r e d i n i t i a l p o s i t i o n . The p r o g r a m w i l l move t h e BOTTOM o f 
t h e c o n t r o l e l e m e n t t o t h i s p o s i t i o n ( r e l a t i v e t o REFER) b e f o r e 
p e r f o r m i n g a s p a t i a l c a l c u l a t i o n . T h i s v a l u e i s f l o a t i n g p o i n t . 

EXACT i s a n i n d i c a t i o n of how p r e c i s e t h e i n i t i a l move i s r e q u i r e d t o b e . 
I f EXACT i s n e g a t i v e , no I n i t i a l move i s p e r f o r m e d ; i f EXACT i s 

e t e ^ n t T i l t i t h r g j l s r J l a n e t o u n S r y i e l r e i t ^ h ^ d l s ' i r ^ S ^ o l u l I n ! 
Note t h a t t h e p o s i t i o n i n d i c a t e d b y MOVE i s d e s c r i b e d a s a d i s t a n c e f rom t h e 
p o i n t REFER t o t h e p o i n t BOTTOM; t h i s d i s t a n c e i s a l w a y s i n CiENTIMETERS 
r e g a r d l e s s o f t h e i n p u t u n i t s of t h e g e o m e t r y , and c a n be e i t h e r p o s i t i v e o r 
n e g a t i v e ; a l s o , MAXMOV i s I g n o r e d f o r t h i s I n i t i a l move. 

The e d i t e d o u t p u t d u r i n g t h e s e a r c h c o n t a i n s r e f e r e n c e s t o " i n c r e m e n t a l * m o v e s . 
An I n c r e m e n t a l move i s s i m p l y a move w h i c h i s a n e x a c t m u l t i p l e of t h e a x i a l 
h e i g h t o f a g r o s s p l a n e . T h u s , t h e p r i o r s t a t e m e n t s a b o u t " n e a r e s t " mesh i m p l y 
a n i n c r e m e n t a l move t o some mesh p o i n t w h i c h i s a g r o s s p l a n e b o u n d a r y . 

T h i s c a r d i s d e l e t e d f rom c a s e t o c a s e . 
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The t h r e e - d i m e n s i o n a l f a s t r o d - s e a r c h i s a v a i l a b l e o n l y f o r t h r e e -
d i m e n s i o n a l s y n t h e s i s p r o b l e m s . The a x i a l ("Z" d i r e c t i o n ) mesh, the number o f 
a x i a l meshes per g r o s s p l a n e , the number o f meshes per f i n e p l a n e ( i f a n y ) , and 

; ? l i t? lS^ thr l igh "Mchp ! r iontL% tV.LlTiVZl.l]- - t be c - * ^ " * " *^ 

and r ^ ^ f i - h - J a t r i l l ^ d l s - ^ p t t o i ^ ! t^^Iefir^t-rll;i '^re^qSi;erc;srd5: ^^l^e^d 
; c S S i c y ' = o S : i [ r l d t * ^ r ? h r c o m ; S t e r n i l n ^ f u e ? ^ n r t h e ' l l c u l L y % ' r ? ^ ' c l ; p u J ^ 
e igenvalue during search t r i e s . The second required card, numbered 010032, 

d l?r^o^nsi i?i^T!^rma t lm iml^^^lrt?l s%^lrlJ t r t e s T I ^ ^ s m a r x f ^ r L J l ' ^ f ^ ^ 1 
contro l element on any s i n g l e search try . the a x i a l l imi t s within which the 
contro l element i s allowed to move, and a reference po int . The third of the 

Cs^^;^rbtng'^thf;rani^i^i%i;ir^;drprii^:uy%hr:^iaM%x?^^:f''5hr*ioiJiri 
!:^TI£:;er c^iresjl*d^ ^ITot^'oU^litTLil^pliZ^lVy: tL^ix? l l llfe^n? i r t h i 
^ S a ^ i i l i i r g : ; m e t J ^ f i ; r i s \ o t " p J ; s e n ? " * * r f ' s u ? i T ? h e i t s ' ; r ^ l s l n ? and^ t i l l 

S;o;̂ Ht-1H ,̂r=1uHrif̂ ^ 
Ht:rHiiil-:?tHHrihLtH^^ e 

the 

A summary of these cards i s as fo l lows: 

010031 : des ired e igenva lue , "closeness" s p e c i f i c a t i o n s 
010032 : search l i m i t a t i o n s , reference p o s i t i o n 
010033 : transverse planar (and, o p t i o n a l l y the a x i a l ) extent of 

control element 
010034 : a x i a l extent of contro l element, worth 
010035 : opt ional i n i t i a l move 

D e t a i l s of each of these cards i s g iven below. 

Three-Dlmenslonal Fast Rod Search S p e c c f i c a t i o n 

010031, EIG, EPSC, EPSS 

EIG i s the des ired e igenva lue . This value i s f l o a t i n g po int . 
EPSC i s the des ired "closeness" of the computed e igenvalue to the des ired 

e i g e n v a l u e . The search i s terminated when the computed eigenvalue 

; L ' ' ^ : j ^ ^ h ^ : f ? i ' ' L * i t n ; t i ^ ^ f n e : g r c i i r r o f J i e m i i t ^ S i i e n - r v : r t ; 
it.ii^ruV\\:r/A' To%o':'\ii''\.:ii:v:itl rrJhi^^iasrrrJhJ 
nearest gross plane boundary. This value Is f l o a t i n g point and must 
be non-zero. 
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S e a r c h L i m i t a t i o n s 

0 1 0 0 3 2 , TRYS, MAXHOV, MINBOT, HAXTOP, REFER 

TRYS i s the maximum number o f s e a r c h t r i e s to do ( z e r o f o r no s e a r c h ) . 
The s e a r c h w i l l be t e r m i n a t e d a f t e r t h i s many t r i e s , b u t the program 
w i l l go back t h r o u g h a n o t h e r r e c a l c u l a t i o n o f the f l u x and 
e i g e n v a l u e based on the c u r r e n t p o s i t i o n i n o r d e r to c o n v e r g e the 
s o l u t i o n to the s p e c i f i e d p r o b l e m parameter ( c a r d 0 1 0 0 0 3 , s e e 

? i r r o S v e ; g i i b u t ^ t t r r ^ p ^ i : i r r a t r c - i : i i t ^ n ' ^ " - " y as t^ '̂̂ ^^ it 
MAXHOV i s t h e maximum number o f ( a x i a l ) p o i n t s t h a t t h e c c o t r r o e l e m e n t 

w i l l be a l l o w e d to move on any s i n g l e s e a r c h t r y . T h i s v a l u e must 
be a t l e a s t a s l a r g e a s the number o f a x i a l mesh i n t e r v a l s p e r g r o s s 
p l a n e i n the c o n t r o l e l e m e n t . T h i s v a l u e must be p o s i t i v e . 

HINBOT i s the minimum a x i a l p o i n t number to w h i c h the BOTTOH ( h i g h e s t 
numbered p o i n t i n the c o n t r o l e l e m e n t ) w i l l be a l l o w e d to move. 
T h i s v a l u e must be a g r o s s p l a n e boundary . S i n c e t h i s number must 
be p o s i t i v e , the s i g n o f HINBOT Is u s e d to i n d i c a t e where the rod 
v s . non-rod i n t e r f a c e i s l o c a t e d : i f HINBOT i s p o s i t i v e , the 
i n t e r a c e s i s assumed to be a t the a x i a l p o i n t s p e c i f i e d a s TOP; i f 
HINBOT i s n e g a t i v e , the i n t e r f a c e i s assumed to be a t the a x i a l 
p o i n t s p e c i f i e d a s BOTTOH. In e i t h e r c a s e , the magni tude o f HINBOT 
i s used m the s e a r c h l o g i c . 

HAXTOP i s the maximum a x i a l p o i n t number to wh ich the TOP ( l o w e s t numbered 
p o i n t i n the c o n t r o l e l e m e n t ) w i l l be a l l o w e d to move. T h i s v a l u e 
must e i t h e r be z e r o or a g r o s s p l a n e boundary . 

REFER i s a r e f e r e n c e ( a x i a l ) p o i n t number. The r e f e r e n c e p o s i t i o n i s u s e d 
a s the z e r o p o s i t i o n o f the BOTTOM of the c o n t r o l e l e m e n t . T h i s 
v a l u e i s used to c a l c u l a t e and e d i t the d i s t a n c e s from t h i s 
r e f e r e n c e p o i n t to the BOTTOH of the c o n t r o l e l e m e n t . For e x a m p l e , 
i f the a x i a l mesh Increment i s X c e n t i m e t e r s , and If the c u r r e n t 
p o s i t i o n o f the BOTTOM o f the c o n t r o l e l e m e n t i s ( a x i a l ) p o i n t B, 
t h e n the i n d i c a t e d p o s i t o n o f the c o n t r o l e l e m e n t w i l l be 

^riS^sss:;s) Vrt. tK ii'^'^iiJt'Ti'^: i"ci;i^i;?ie"iiiini; 
i n d i c a t i o n . 

T r a n s v e r s e (and A x i a l ) E x t e n t o f C o n t r o l Element 

0 1 0 0 3 3 , R d ) , R ( 2 ) , . . . , 0 , T d ) , B d ) 

R d ) i s a f i n a l f i g u r e number o r p l a n a r r e g i o n number, >di ichever 
c o r r e s p o n d s to c o m p o s i t i o n s . T h i s s e t o f R( 1) d e f i n e s the 
t r a n s v e r s e e x t e n t o f the c o n t r o l e l e m e n t . The R(1) must be i n 
i n c r e a s i n g o r d e r o f a b s o l u t e v a l u e . The f o r m R d ) , - R d + 1 ) m a y b e 
used to s p e c i f y numbers R( 1 ) , R ( l ) + 1 , R ( i ) + 2 , . . . , R ( d + 1 ) . 

T d ) i s the t o p o f the c o n t r o l e l e m e n t . T h i s i s the l o w e s t numbered 
a x i a l p o i n t i n the c o n t r o l e l e m e n t . T h i s v a l u e must e i t h e r be z e r o 
or a g r o s s p l a n e boundary . 

B d ) i s the b o t t o m o f the c o n t r o l e l e m e n t . T h i s i s the h i g h e s t numbered 
a x i a l p o i n t i n the c o n t r o l e l e m e n t . T h i s v a l u e must be a g^oss 
p l a n e boundary . 

The R d ) a r e s e p a r a t e d from the [ T ( 1 ) , B ( 1 ) ] p a i r by a z e r o . T h i s z e r o and T d ) 
and B d ) may be m i s s i n g . In t h i s c a s e , T d ) and B d ) are d e f a u l t e d to TOP and 
BOTTOM r e s p e c t i v e l y from c a r d 0 1 0 0 3 4 . 
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A x i a l E x t e n t o f C o n t r o l E l e m e n t , Worth 

0 1 0 0 3 4 . TOP, BOTTOH, WORTH 

TOP i s the a x i a l p o i n t number i ^ l c h i s the top o f the c o n t r o l e l e m e n t . 
T h i s Is the l o w e s t numbered a x i a l p o i n t number In the c o n t r o l 
e l e m e n t . TOP must be equa l to T d ) I f i t i s s u p p l i e d ( s e e c a r d 
0 1 0 0 3 3 ) . In a d d i t i o n , TOP must be e i t h e r z e r o or a g r o s s p l a n e 

BOTTOH i r t h r L i a l p o i n t number w h i c h i s the b o t t o m of the c o n t r o l 
e l e m e n t . T h i s Is the h i g h e s t numbered a x i a l p o i n t number i n the 

( l i r '*Lir^ lTl433 r^?n ' ^ l ld? t i i r lBSlTSi i^^n i5 b̂  aIsgroll^Sll^S 
boundary . 

WORTH i s an e s t i m a t e o f the I n i t i a l v a l u e f o r the change i n e i g e n v a l u e due 
to a one c e n t i m e t e r change in a x i a l p o s i t i o n . The s l g ^ c o n v e n t i o n 
f o r WORTH i s a s f o l l o w s : i f WORTH i s p o s i t i v e , a move downward 
( t o w a r d s i n c r e a s i n g a x i a l p o i n t number) d e c r e a s e s the e i g e n v a l u e ; 
i f WORTH i s n e g a t i v e , a move downward i n c r e a s e s the e i g e n v a l u e . 
T h i s v a l u e I s f l o a t i n g p o i n t and most n o t be z e r o . 

I f a t h r e e - d i m e n s i o n a l control s e a r c h h a s b e e n s p e c i f i e d , t h i s card i s 
r e q u i r e d I f a F i l e Mbnager input g e o m e t r y f i l e i s not p r e s e n t . If s u c h a f i l e 
I s p r e s e n t and t h i s card i s a l s o p r e s e n t , the card d a t a o v e r r i d e s the l i k e d a t a 
from the g e o m e t r y f i l e ; i n t h i s c a s e , the T(J) and B(J) d a t a on card 0 1 0 0 3 3 
a l s o o v e r r i d e s the l i k e d a t a from the g e o m e t r y f i l e . 

T h i s c a r d i s d e l e t e d from c a s e to c a s e . 

I n i t i a l Move S p e e c f i c a t i o n 

0 1 0 0 3 5 , HOVE, EXACT 

HOVE i s a d e s i r e d i n i t i a l p o s i t i o n . The program w i l l move the BOTTOH of 
the c o n t r o l e l e m e n t to t h i s p o s i t i o n ( r e l a t i v e to REFER) b e f o r e 
p e r f o r m i n g a s p a t i a l c a l c u l a t i o n . T h i s v a l u e i s f l o a t i n g p o i n t . 

EXACT i s an i n d i c a t i o n o f how p r e c i s e the i n i t i a l move i s r e q u i r e d to b e . 
If EXACT i s n e g a t i v e , no i n i t i a l move i s per formed; i f £XA(7r i s 
z e r o , a move i s per formed s u c h t h a t the b o t t o m o f the c o n t r o l 
e l e m e n t i s a t the g r o s s p l a n e boundary n e a r e s t the d e s i r e d p o s i t i o n . 
If EXACT i s p o s i t i v e , a move i s performed s u c h t h a t the bo t tom o f 
the c o n t r o l e l e m e n t i s e x a c t l y a t the d e s i r e d p o s i t i o n and the 
s e a r c h i s turned o f f (no s e a r c h I s d o n e ) . 

Note t h a t the p o s i t i o n I n d i c a t e d b y HOVE i s d e s c r i b e d a s a d i s t a n c e from the 
p o i n t REFER to the p o i n t BOTTOH; t h i s d i s t a n c e i s a l w a y s i n CENTIMETERS 
r e g a r d l e s s o f the input u n i t s o f the g e o m e t r y , and c a n be e l t h e * p o s i t i v e or 
n e g a t i v e ; a l s o , HAXMOV i s Ignored f o r t h i s i n i t i a l move. 

The e d i t e d o u t p u t d u r i n g the s e a r c h c o n t a i n s r e f e r e n c e s to ' i n c r e m e n t a l * moves . 
An I n c r e m e n t a l move i s s i m p l y a move w h i c h i s an e x a c t m u l t i p l e o f the a x i a l 
h e i g h t o f a g r o s s p l a n e . Thus , t h e p r i o r s t a t e m e n t s about " n e a r e s t * mesh imply 
an I n c r e m e n t a l move to some mesh p o i n t vdiich i s a gross p l a n e boundary . 

T h i s c a r d i s d e l e t e d from c a s e to c a s e . 
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1 5 . 4 . FEEDBACK INPUT PREPARATION: POISON SEARCH DATA 

The p o i s o n s e a r c h i s s e l e c t e d b y i n c l u d i n g one c a r d , numbered 0 1 0 0 3 1 , 
c o n t a i n i n g s i x d a t a i t e m s . The d a t a o n t h i s c a r d I n c l u d e s a s p e c i f i c a t i o n o f 
the d e s i r e d e i g e n v a l u e , the a c c u r a c y r e q u i r e d i n the computed e i g e n v a l u e , a 
g u e s s f o r the i n i t i a l wor th due to a f r a c t i o n a l change in the s p e c i f i e d 
c o n c e n t r a t i o n , the maximum number o f s e a r c h t r i e s , and the i d e n t i f i c a t i o n o f the 
c o n t r o l n u c l i d e . 

S i n c e t h i s s e a r c h a t t e m p t s to v a r y the r e a c t i v i t y by f r a c t i o n a l l y a d j u s t i n g the 
c o n c e n t r a t i o n of a s p e c i f i e d n u c l i d e , the prob lem must be d e p l e t a b l e . However, 
any g e o m e t r y type or d i m e n s i o n a l i t y may u t i l i z e t h i s s e a r c h . One important 
r e s t r i c t i o n Is t h a t the prob lem g e o m e t r y may not c o n t a i n m u l t i p l e 
c o n f I g u r a t i o n s . 

D e t a i l s o f the c a r d input f o r t h i s s e a r c h a r e g i v e n b e l o w . 

P o i s o n S e a r c h S p e e c f i c a t i o n 

0 1 0 0 3 1 , EIG, EPSC, EPSS, WORTH. TRYS, ID 

EIG i s the d e s i r e d e i g e n v a l u e . T h i s v a l u e i s f l o a t i n g p o i n t . 
EPSC i s the d e s i r e d " c l o s e n e s s " o f the computed e i g e n v a l u e to the d e s i r e d 

e i g e n v a l u e . The s e a r c h i s t e r m i n a t e d when the computed e i g e n v a l u e 
i s w i t h i n EPSC of the d e s i r e d e i g e n v a l u e EIG. T h i s v a l u e i s 
f l o a t i n g p o i n t . 

EPSS i s the d e s i r e d c o n v e r g e n c e o f the f l u x i t e r a t i o n s b e f o r e a new 
p o i s o n c a l c u l a t i o n i s p e r f o r m e d . T h i s v a l u e i s f l o a t i n g p o i n t . 

WORTH I s the i n i t i a l g u e s s f o r a w o r t h v a l u e . T h i s q u a n t i t y s h o u l d be an 
I n i t i a l e s t i m a t e of the change i n e i g e n v a l u e t h a t w i l l be o b t a i n e d 
by a u n i t change in f r a c t i o n v a l u e . l ^ i s v a l u e Is f l o a t i n g p o i n t 

TRYS i s the maximum number o f p o i s o n s e a r c h t r i e s to do ( z e r o f o r no 
s e a r c h ) . The p o i s o n s e a r c h w i l l be t e r m i n a t e d a f t e r t h i s many 
t r i e s , but the program w i l l go back t h r o u g h a n o t h e r r e c a l c u l a t i o n o f 
c r o s s s e c t i o n s and f l u x based on the l a s t p o i s o n c a l c u l a t i o n . The 
s e a r c h w i l l t h e n be t e r m i n a t e d n o r m a l l y a s though i t had c o n v e r g e d 
b u t w i t h an a p p r o p r i a t e comment. 

I"^ \i I'Tj^^Tj/ViTLiliiii'To :Lit ?siliJiiSriigirvi?i:""^^ is 
The program u s e s an i n i t i a l f r a c t i o n v a l u e o f 1 .0 to b e g i n the s e a r c h . The 
l a t e s t WORTH v a l u e computed i s u s e d i n the "next" s e a r c h t r y and the l a s t s u c h 
v a l u e i s s a v e d i n a g e o m e t r y f i l e If s u c h a F i l e Ifonager o u t p u t f i l e i s w r i t t e n . 
I f a F i l e Hanager input g e o m e t r y f i l e i s p r e s e n t , the v a l u e o f the WORTH from 
t h a t f i l e i s u s e d and the c a r d input v a l u e o f the WORTH i s i g n o r e d u n l e s s a 
" s l i c e " prob lem ( s e e c a r d 0 1 0 0 0 0 , S e c t i o n 9 . 1 ) i s b e i n g run i n w h i c h c a s e the 
c a r d input v a l u e o f the WORTH i s a l w a y s n s e d . 
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1 5 . 5 . FEEDBACK INPUT PREPARATION: THERHAL FEEDBACK DATA 

The thermal f e e d b a c k o p t i o n I s a v a i l a b l e in any d e p l e t a b l e problem which 
e x h i b i t s the a x i a l d i m e n s i o n e x p l i c i t l y . The a l l o w a b l e g e o m e t r i e s a r e thus one 
- d i m e n s i o n a l s l a b , two - d i m e n s i o n a l c y l i n d r i c a l , and any t h r e e - d i m e n s i o n a l 
p r o b l e m ( e x p l i c i t or s y n t h e s i s ) . The " c o n c e n t r a t i o n s " o f p s e u d o - n u c 1 i d e s 
r e p r e s e n t i n g moderator d e n s i t y , moderator t e m p e r a t u r e , and f u e l t emperature i n 
e a c h g r o s s b l o c k a r e updated e v e r y f e e d b a c k t r y u n t i l the change i n one o f the 
c o n c e n t r a t i o n s from one t r y to the n e x t i s l e s s than some input s p e c i f i e d v a l u e 
or the s p e c i f i e d maximum number of f e e d b a c k c a l c u l a t i o n s has b e e n c o m p l e t e d . If 
( . . 1 r o d ^ L d . h r l . k . , . c . l o . l . t l o „ . r . k . l „ d o . . . t h . - . . . ^ . . . r l , , . ^ - o t 

?T?;ii;>T:i^".j-c^r;id"f..!'^.d"Si"™.d'."t;..r;;r'S..:r:i";K ?n? 
.';:J?Mh*L'i,^^;Jl;r•?5^:.^i.:li■iItlUtu;fJ^^5:s^^™■^:d'—'"*-

The presence of one card, numbered 010036, s p e c i f i e s the thermal feedback 
opt ion in the program and requires that a l l other thermal input data be present . 
The s p e c i f i c a t i o n card conta ins nine Items including the numeric nucl ide 
i d e n t i f i c a t i o n s for the "nuclide" which i s to be converged, the "nuclides" 
represent ing moderator d e n s i t y , moderator temperature, fuel temperature. and 

roi'':vr.i\^irj.iZ'.^a%:ilis^^s 
c a l c u l a t i o n s are d e s i r e d , an opt ional three addi t iona l pseudo-nuc1ide numeric 
i d e n t i f i c a t i o n s represent ing the maximum fue l c e n t e r l i n e temperature over 
l i f e i i m e , the clad inner radius , and the clad s t r e s s must be Included. 

If the card s e l e c t i n g thermal feedback i s present , most of the remaining 
Input data described in t h i s s e c t i o n must be present . If the card s e l e c t i n g 
thermal feedback i s present and s p e c i f i e s that fuel rod clad shrinkage 
c a l c u l a t i o n s are to be done, a l l of the remaining input data described in th i s 
s e c t i o n must be present . Some of the data i s in "expansion" format. For 
example, the d e s c r i p t i o n might include the statement that c e r t a i n cards conta in 
t r i p l e t s of data in expansion format by composit ion. This i s simply a shorthand 

c ' l n L c i t i v r ^ l m p l S t ^ r okfge l lr* l t?l*ms?l? till ZVls^"' ^^ ' ^ ' — l 
V d ) , C d ) , V(2) , G(2), . . . 

where V(1) stands for a vector of some a r b i t r a r y ( f i xed) length, and C(1) i s a 
value of the space over which the expansion Is to be done (composi t ions , for 
example). The C d ) must be s t r i c t l y increas ing in order, and the las t such 
value must be equal to the l arges t p o s s i b l e value of the expansion space . For 
example, suppose a t r i p l e t of f l o a t i n g point values i s to be input in expansion 
format by composit ion and that the maximum composition number i s twenty. Then 
the input data: 

1.0, 2 . 0 , 3 . 0 , 5, - 1 . 0 , - 2 . 0 , - 3 . 0 , 20 

would imply the fo l lowing: the f i r s t parameter In the t r i p l e t would have a 
value of 1.0 in composit ions 1 through 5 and the value - 1 . 0 in compositions 6 
through 20; s i m i l a r l y , the second parameter in the t r i p l e t would have a value 
of 2 . 0 in composit ions 1 through 5 and the value - 2 . 0 in compositions 6 through 

?.'co^^L{\Toll^1 Itol^L'l ^ : r?h r ;aluet^3 . r lS^ lL^s l? i^ns^6%S: :u^h 2^. 3.0 
Card s e r i e s 50 i s used for a l l thermal data. Equivalence symbols for t h i s 

data are given in Tables 15 .5 .1 - 1 5 . 5 . 2 which show the r e l a t i o n s h i p between the 
names used in t h i s d e s c r i p t i o n and those used in Reference 14. These tab les 
a l s o conta in sample values for some of the parameters assoc ia ted with a 
p a r t i c u l a r vapor f r a c t i o n c o r r e l a t i o n suggested in Reference 14. B r i e f l y , 
thermal data c o n s i s t s of the fo l l owing . 

Cards 500001 - 500009 are used to supply s i x t e e n miscel laneous thermal 
parameters. If fue l rod clad shrinkage c a l c u l a t i o n s are being done, fourteen 
addi t iona l misce l laneous parameters must be included. 
Cards 500011 - 500014 conta in from one to s i x polynomial c o e f f i c i e n t s on each 
card. Each s e t of c o e f f i c i e n t s i s used to evaluate a d i f f e r e n t c o r r e l a t i o n 
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Cards 510001 - 510099 conta in t r i p l e t s of data in expansion format by track. In 

tKNJii?i;E .;:!.«tSlo':K:i::.''l.d"ts,i?.JS : : :^^.?„":;"'"'" a » - " " " in 

SS:.i?r.: - ?i««:L,.-:a!:pl:r'si":-oL.i-:j.j?.resr j : ; .i?r.LuS? 
^;*sit"i;or.i-;Lts'K.r!':s,.L'-^!°rda;:;,L%*?',.j'sr;:^,fJ's::K 
area for flow in the a x i a l d i rec t ion . ' 
Cards 530001 - 530099 conta in qu intuple t s of data in expansion format by 
composit ion. In each quintuplet are the fue l c ladding out s ide r a d i u s , the c lad 
ins ide r a d i u s , the fuel element out s ide rad ius , the fuel element ins ide rad ius , 
and a fuel type Indicator . 

Cards 540001 - 540099 conta in pa ir s of data In expansion format by composstion. 

i:.dL"iJ.cJ?iLda:eta£^i:ii:r"^:i;ifJt:^iirt;t:;pi?it;sjl?i{?f}:J'?.:r«'2? 
c o n d u c t i v i t y . 
Cards 550}%1 - 550X99 conta in reference data In expansion format by compoostion. 
The value of X in the card number determines the type of re ference data: X = 1 
i s hydrogen d e n s i t y , X = 2 i s moderator temperature, and X = 3 i s fuel 
temperature. 

Cards 56RBX1 - 56RRX9 def ine an i n t e r p o l a t i n g table numbered RR for gap 
conductance. The value of X in the card number determines which of the 

IIr*ti:^%:ioSr^Tndei;din!s '^rdlW flilS^ulltldlTil^ilsi^^lidfi'^^S isX Ih! 
depeillntvarT^ble (^^ c^^ductance). 
Cards 57TrXl - 57Tn{9 def ine an i n t e r p o l a t i n g table numbered TT for fuel meat 

^?f:j!ij'ir..^'l? ?.'"! . iSJ fi;..tSde^-:J,.?'S;?.J!r??is!stSi:?.?ir.*?? 

Cards 580001 - 580099 are op t iona l and conta in composit ion dependent parameters 

Carda 580101 - 580199 are opt iona l and conta in composit ion dependent parameters 

Cards 580201 - 580299 are opt iona l and conta in compooitlon dependent parameters 

A summary of the card input for thermal feedback i s as f o l l o w s : 

010036 

SlOOol - 510099 
5200ol - 520099 
5ieoel - 530099 
540Oel - 540099 
55Olol - 550199 
550201 - 550299 
SSMol - 5 5 0 ^ 9 

5Sllol = 580299 

thermal feedback s p e c i f i c a t i o n 
misce l laneous thernal parameters 
polynomial c o e f f i c i e n t s for c o r r e l a t i o n s 
f low f r a c t i o n , mixing. In le t temperature by track 
homogenlzation data by composstion 
fue l element data by composit ion 
table assignment data by compoostion 
reference hydrogen d e n s i t y by compoostion 
reference moderator temperatnre by compoostion 
re ference fuel temperature by COIIQ>OS s1 ion 
gap conductance Interpo la t ing table RR 

fr^:rt;:.rjJ;;sii:i:'',i:iejJ3l;ii?,ir-?iL^d... 

D e t a i l s of each of these cards i s g iven below. 
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010036. TRYS, IDCOVG, IDHHO. IDTM. IDTF, IDFISS. EDIT. EPSC, EPSS, IDT3, IDRl. 
IDSIG 

TRYS is the maximum number of thermal feedback iterations. If this value 
is zero, feedback is not done and only a single spatial calculation 
is done. Thermal feedback will be discontinued after this many 
iterations, but the program will g^ back through another 
recalculation of cross sections and flux based on the last thermal 
calculation. 

IDCOVG is the numeric identification of the pseudo-nuc1ide to converge. 
This ID must be one of IDRHO, IDTM, or IDTF and determines which of 
moderator density, moderator teiiq>erature, or fuel temperature Is to 
be measured for feedback convergence. 

IDRHO is the numeric identification of the concentration representing 
moderator density. 

IDTH is the numeric Identification of the concentration representing 
moderator temperature. 

IDTF is the numeric identification of the concentration representing fuel 
temperature. 

IDFISS is the numeric identification of the fission counter (fisslons/cc) 
nuc1ide. 

EDIT is an edit indicator. A value of zero will produce no editing; a 
value of 1 will produce an edit of thermal results by edit set, 
plane grouping, and axial edit. 

EPSC is the desired maximum relative error in the concentration of the 
IDCOVG "nuc1ide". The feedback process is converged when the 
maximum relative change in that concentration over all space (ĝ ross 
blocks) from one feedback try to the next Is less than EPSC. This 
value is floating point. 

EPSS is the desired convergence of the flux iterations before a new 
thermal feedback calculation is performed. This value is floating 
po int. 

The following three values are optional and are present if and only If fuel rod 
clad shrinkage calculations are to be done. 

IDT3 is the numeric identification of the concentration representing the 
maximum fuel centerline temperature over lifetime. 

IDRl is the numeric identification of the concentration representing the 
clad inner radius. 

IDSIG is the numeric identification of the concentration representing the 
clad stress. 

If editing Is requested for this feedback calculation, it is done for every 
feedback try. The edit "limiting* associated with the average concentration 
edits as well as the axial edit limitations are applicable to this feedback 
editing (see card 011000 in Section 12.2). 

SOOOOS, P, fw, fm, Wt, kl, K, DELTAl, DELTA2. ALPHA. BETA, n, m, GAMMA, KVF, B. 
LAMBDA, ALPHFG, ALPHT. Dl, DELTA. DELTAt. E. El. E2. E3. E4. E5, KAP. 
RT. Trel 
P is the system pressure in psia. This value must be between 14.504 
and 3190. 

fw Is the fraction of fission energy deposited in the fuel region 
fm is the fraction of fission energy deposited In the fuel meat and 

clad. 
Wt is the total flow rate per unit area; this is per unit homogenlzed 

The units of'thiis quantity are lb/hr-ft»»2. 
area as seen in the geometry input. This value must not be zero. 
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NOTE 

kl Is the thermal c o n d u c t i v i t y of the c lad in Btu /hr- f t degrees F. 
K Is a c o e f f i c i e n t In the Di t tus -Boe1ter equat ion. 

DELTAl Is a c o e f f i c i e n t In the vapor f r a c t i o n c o r r e l a t i o n . 
DELTA2 Is a c o e f f i c i e n t In the vapor f r a c t i o n c o r r e l a t i o n , 
ALPHA Is the exponent of the Prandtl number in the vapor f r a c t i o n 

BETA Is the exponent of thermal c o n d u c t i v i t y in the vapor f r a c t i o n 

n i s the exponent appearing in the c o r r e l a t i o n for bubble layer 
' t h i C "ICTIf̂  s s 

m is the exponent appearing in the c o r r e l a t i o n for s l i p r a t i o . 
GAHHA i s the second pass i n l e t enthalpy m u l l i p l i e r , 

KVF i s the c o e f f i c i e n t for the D i t t u s - B o e l t e r f i lm c o e f f i c i e n t in the 
vapor f r a c t i o n c a l c u l a t i o n . 

B i s the c o e f f i c i e n t in the Eddy d i f f u s i v i t y f i t . 
LAHBDA i s the exponent in the Eddy d i f f u s i v i t y f i t . 

The fo l lowing fourteen values are present i f and only i f fue l rod c lad shrinkage 
c a l c u l a t i o n s are to be done. 

ALPHFG i s the number of noble gas atoms per f i s s i o n . 
ALPHT Is the number of ternary Helium atoms per f i s s i o n . 

Dl Is the m u l t i p l i e r of the group-one f lux . 
DELTA i s the constant used to d i s t i n g u i s h large gap from small gap, in 

inches . This value must not be z e r o . 

value must be s t r i c t l y p o s i t i v e . 
E1-E5 are parameters used in the c a l c u l a t i o n of g^s c o n d u c t i v i t y in the 

gap. The value of E3 must be s t r i c t l y greater than the value of E4. 
KAP Is the energy ( I n BTU) re l eased per f i s s i o n . 

,v."T i: :ŝ  s.':y;rJ."i"r.iLi-^-'r.o'i;:r?r?:'!r ^."iVi,„^. 
F. 

Al l values are f l o a t i n g p o i n t . 
The S = 1, 2 9 s e q u e n t i a l l y . Use as many cards in t h i s sequence 
d e s i r e d . 

Polynomial C o o e f i c i e n t s 

60OO1S, X(0) , X d ) , . . . , X(5) 

""'1) iiitirStirsTi-ihrtiJ^rifs iV^.^T.ri\^ii'iiron7^f''^^ " 
a. e l p r f s : i o ' ; s ? l r i ' T h e t * ^ l u n l u i n T f ' ^ I T l t i a ^ p l I r l ^ ' T n s t h e n v a j S 

f r a c t i o n c a l c u l a t i o n ; 
b . For S = 2 , s p e c i f y the b(n) polynomial c o e f f i c i e n t s in the 

c o r r e l a t i o n for s l i p r a t i o ; 
c . For S = 3 , s p e c i f y the c(n) polynomial c o e f f i c i e n t s in the vapor 

f r a c t i o n c a l c u l a t i o n ; 
d. For S = 4 , s p e c i f y the d(n) polynomial c o e f f i c i e n t s in the 

c o r r e l a t i o n for s l i p r a t i o . 
For each S = 1, 2 , 3 , and 4, a l l of the s p e c i f i e d polynomial 
c o e f f i c i e n t va lues are f l o a t i n g p o i n t . 

as 



From 1 to 6 polynomial coefficients are supplied on EACH card so that up to a fifth degree polynomial can be specified. Trailing coefficients which are omitted are assumed to be zero. 

5100SS, F, w/wref. Tin, T(l), 

F i s the f r a c t i o n of t o t a l f low in each track. This value i s f l o a t i n g 
p o i n t . Recal l that the t o t a l f low per unit area Wt i s known from 
the misce l laneous thermal input data (cards 50000S). This track 
data s p e c i f i e s a f r a c t i o n of that flow for a s e t of tracks . The 
program then m u l t i p l i e s t h i s f r a c t i o n times the transverse area ( the 
problem geometry area, not n e c e s s a r i l y the flow area) of the track 
times Wt to obta in the actual flow rate in each track. 
If F i s zero for a track, the moderator temperature in that track i s 
s e t equal to the transverse planar average moderator temperature at 

^HLHt î̂ iin îiS^ 
f r - \ h r p r | - b l i r i% s iLi r tni?a :S ll^l^^l ^^ t̂ ^ ^ — 

"'^"'^f ^is*'"v^Tie*'' ls"Moatt^°5olnt ^^^l^xrbSleSl'mlxini'ls^ot'ini^^r?; 
l̂ D anr3-D «elmetries l l l re fore for t h o s e ^ o L t r i l l this ^ l u e 
must be z e r l ^ o r 111 t r i l k s In I d d l u l l ^ t ^ n g i l not a l ^ w l d 

5lun l l?yf ' "n "f l - n y l f l l l i c i r ^ o b l e m ? * ^ tSe*le '^tra l^\ / : i i?"^ 

''in llil^ i " S i ' t I T S r i i r ^ a l l e i r T t r a r e . u s e l ^ l l cTlsllfvitrackl vl?£ 

e*;thllpy);p"lld T^n^ 0 ? r im^lesctSrl^lck is%n^thrsec?ld%ail!et 
T d ) i s a track number. The data on these cards c o n s i s t s of t r i p l e t s of 

f l o a t i n g point values in expansion format by track. A track has 
d i f f e r e n t meanings depending on the d imens ional i ty of the problem. 
In one dimension, there i s on ly one track. In two d imei s ions , 
columns de f in ing v e r t i c a l boundaries of gross blocks are track 
boundaries (rectangular blocking performed automat ica l ly by the 
program in R-Z geometry guarantees t t o t a l l tracks run through the 

lrot J rb i r rk i ^ t l ^ g l l L iTanI rlJrlL^Jl l i le i ;acL" rne\tlTVllT.. gross blocks in a gross plane represent the tracks in that plane. 
The geometry treatment In the program i s such that these planar 
blocks are the same s i z e for every gross planea In other wordsk the 

commumiiation between tracks i s allowed in 3-D. 

The T d ) in a 2-D problem can on ly be those column numbers which are v e r t i c a l 
I n t e r f a c e s . 

The T d ) in a 3-D problem can o n l y be f i n a l f igures or planar r e g i o n s , whichever 
correspond to compoostions. 

The T d ) must be g iven in s t r i c t l y increas ing order and the l a s t must be the 
larges t track number d In 1-D, column boundary in 2-D, maximum figure or reg ion 
in 3-D) in the problem. 

The SS = 01 , 02 99 s e q u e n t i a l l y . 
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S200SS, Ah, Af, Vc, Vf, Ay, Iz, C d ) , 
Ah, Af, Vc, Vf, Ay, Iz, C(2) , . . . 

Ah i s the heat transfer area per un i t nuclear des ign volume in u n i t s of 
Inverse f e e t . This value i s f l o a t i n g point and mnst be p o s i t i v e . 

Af i s the f low area In the a x i a l d i r e c t i o n per uni t nucle^i- des ign 
area . This value i s f l o a t i n g p o i n t . 

Vc i s the volume of coolant per unit nuclear des ign volume. This value 
i s f l o a t i n g point and must not be z e r o . 

Vf i s the volume of fuel meat per uni t nuclear des ign volume. This 
value i s f l o a t i n g p o i n t . 

Ay i s the flow area in the transverse d i r e c t i o n per un i t nuclear des ign 
area . This value i s f l o a t i n g p o i n t . 

Iz i s the wetted perimeter per unit nuclear des ign area for f low in the 
a x i a l d i r e c t i o n in u n i t s of inverse f e e t . This value i s f l o a t i n g 
point and must be p o s i t i v e . 

C d ) i s a composit ion number. The data on these cards c o n s i s t s of 
s e x t n p l e t s of f l o a t i n g point values in expansion format by 
composit ion. 

The C d ) must be g iven in s t r i c t l y increas ing order and the l a s t must be the 
largest composit ion number in the problem. 

The SS - 0 1 . 02 99 s e q u e n t i a l l y . 

Fuel Element Data by Con^osit ion 

530OSS, r s , r l , r 2 , r 3 , f f . C d ) 
r s , r l , r 2 . r 3 , ff , C(2>, . . . 

r s i s the fue l c ladding out s ide radius or ha l f th ickness In Inches. 
This value i s f l o a t i n g p o i n t , 

r l i s the c lad ins ide radius In inches . This value i s f l o a t i n g point 
and must be l e s s than r s . 

r2 i s the fue l element out s ide radius in inches . This value i s 
f l o a t i n g point and must be l e s s than or equal to r l . 

r3 i s the fue l element Inside radius in inches . This value i s f l o a t i n g 
point and must be l e s s than r2 as we l l as non-negat ive , 

ff i s a fue l s t ruc ture indicator as f o l l o w s : ff negat lve implies no 
f u e l ; ff = O implies rod f u e l ; and f f p o s i t i v e impl ies p la t e f u e l . 

C d ) la a composit ion number. The data on these cards c o n s i s t s of 
quintupl-ets of data [ four f l o a t i n g point values and one integer 
va lue ] in expansion format by compoostion. 

The C d ) must be g iven In s t r i c t l y increas ing order and the l a s t mnst be the 
l a r g e s t coii«>osltIon number in the problem. 

The SS = 0 1 . 0 2 . . . . . 9 9 s e q u e n t i a l l y . 

Table Assignment Data by Coim>o.ltion 

5400SS, RR, TT, C d ) . 
RR. TT. C(2 ) . . . . 
RR is a table number IndentIfylng an interpolating table for gap 

condnc tance. 
TT is a table number indent Ifying an Interpolating table for fuel meat 

condnc 11vi ty. 
Cd) Is a composition number. The data on these cards consists of pairs 
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o f i n t e g e r s i n e x p a n s i o n format b y c o m p o s s t i o n . 

The C d ) must be g i v e n i n s t r i c t l y I n c r e a s i n g o r d e r and the l a s t must be the 
l a r g e s t c o m p o s i t i o n number in the p r o b l e m . 

The SS - 0 1 , 0 2 99 s e q u e n t t a l l y . 

R e f e r e n c e Data b y C o m p o s i t i o n 

5 5 0 } ^ ^ , R E F d ) . C d ) . REF(2 ) , C ( 2 ) , . . . 

REFd) is a reference value for composition C(1) . This value is floating 
point. The data being specified is determined by the value of X in 
the card number as follows: 
a. For X = 1, specify hydrogen density; 
b. For X = 2, specify.moderator temperature (degrees F); 
c. For X = 3, specify fuel temperature (degrees F). 

C(1) is a composition number. The data on these cards consists of 
floating point values In expansion format by composition. 

The Gd) must be given in strictly increasing order and the last must be the 
largest COiiqMSit ion number in the problem. 
The SS = 01, 02, ... ,99 sequentially. 

56RBXS, VARd), VAR(2), ... 
VARd) i s the i - t h value for tfae X-th var iab le in the gap conductance 

i n t e r p o l a t i n g tab le numbered RR. Two s e t . of independent var iable 
va lues and the s e t of dependent var iable v a l u e , are each g iven 
s e p a r a t e l y and the value of X determines idilch s e t of var iab le 
va lues i s being s p e c i f i e d as fo l lows: 

a. For X = 1. s p e c i f y the f i r s t s e t of Independent var iable v a l u e s , 
heat f l u x in u n i t , of Btu /hr - f t»»2 . These values are f l o a t i n g 

b. Flr"x ="2."Specify**'the lecond ^ s e t ' o f '^i idependent var iable 
v a l u e . . f i . . l o n s / c c times 10*»-2O. These f i s s i o n s / c c values 
r e l a t e to the c a l c u l a t e d f i . . i o n s / c c values AS MODIFIED by the 
s p e c i f i e d (on c a r d . 5200SS) volume of fue l meat per unit nuclear 

HiJ*^ 1^. ^^liJr 1̂ 1 "firttni* j i i i i " iT s:it''Se'*ioJtii 
( e i t h e r up or down). 

c . For X - 3 , s p e c i f y the dependent var iable v a l u e s , gap 
conductance in u n i t s of Btu/ l ir - f t**2 degrees F. These values 
are f l o a t i n g point and are as.umed to be in the fo l lowing order: 
for the f i r s t heat f l u x va lue , g ive the gap conductance values 
corresponding to each of the s p e c i f i e d f i s s l o n s / c c values) then 
for the next heat f l u x va lue , g ive the gap conductance va lues 
corresponding to each of the s p e c i f i e d f i s s i o n s / c c va lues ; and 
so f o r t h . 

For each RR « 0 1 , 02 99 s e q u e n t i a l l y : for each X « 1. 2 , and 3 . the S = 
1. 2 9 s e q u e n t i a l l y . 

iilcSaJlll StJectlyd al*"a"S5ltllSll?'llinhrt^gJ"lld tgl^atlirISIII ĝ ^ 
conductance t a b l e s i s not used. However, a t l e a . t one such table muat be 
present even though i t i s not nsed. 
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57Tr}®, VARd), VAR(2), ... 
VARd) i s the i - t h value for the X-th var iab le in the fue l meat 

c o n d u c t i v i t y i n t e r p o l a t i n g table numbered TT. Two s e t s of 
independent var iab le values and the s e t of dependent var iable values 

- i i r i J ^Tiisstsp^niii^^iJi^Sdii-iotL^f * '̂-i"^s -""h setof 
a. For X = 1, s p e c i f y the f i r s t s e t of Independent var iable v a l u e s . 

fuel temperature in degrees F. These values are f l o a t i n g p o i n t . 
there must be at l e a s t two such values g iven for each table TF 

b. i^rx'i^J: "peciiy^Jsr riion^ iir^Jf(einJi^eiLit 'tr^kbie 
; : i rtrto^i^r-^u tat : rf iss i rnr / !?-va iSryASD iF?i^ '^ \r 't^ 
s p e c i f i e d (on cards 520OSS) volume of fuel meat per unit nuclear 
iiii^^ ^?ie^ ^^i*?r 1̂1 Ti^TtU'' luii^'lir siitcL% Ĵ?ii 
( e i t h e r up or down). 

c . For X = 3 , s p e c i f y the dependent var iab le v a l u e s , fuel meat 
nIaMn rpoTnt i ln r lr l i L S m l i ^ ^ ^ ' L d i r e t h ^ . f S t l t l ^ ^ ' I r d l r t 
c l n d u c t l v i t y ' ^ l u e r ^ o r l e s ^ l l d t n g Tll'^l^ch^'o? tEl s p i c i f 111 
f i s s i o n s / c c v a l u e s , then for the next fuel temperature va lue , 

firsjJiiJTii ni*iii i5ir^iirsr^"id ii-rr?^'*^"'^ to ea'=*' of 
For each TT = 01 , 02 99 s e q u e n t i a l l y : for each X = 1, 2 , and 3 , the S = 
1, 2 9 s e q u e n t i a l l y . 

Compoostion Dependent Fuel Rod Clad Shrinkage Data 

580OSS, BETA0, BETAl, BETA2, Al, R, C d ) , 
BETA0, BETAl, BETA2, Al, R, C(2) , . . . 

BETA0-BETA2 are parameters In the c a l c u l a t i o n of the thermal expansion of f u e l . 
Al i s a parameter In the express ion for the c a l c u l a t i o n of c lad s t r a i n . 

This value must be s t r i c t l y p o s i t i v e . 
R i s a parameter descr ib ing the f u e l - c l a d I n t e r a c t i o n . 

C d ) i s a composit ion number. The data on these cards c o n s i s t s of 
quintuple t s of f l o a t i n g point values in expansion format by 

The C d ) must be g iven in s t r i c t l y increas ing order and the l a s t must be the 
larges t composit ion number in the problem. 

The SS = 01 , 02 99 s e q u e n t i a l l y . 

This data i s present i f and only i f fue l rod c lad shrinkage c a l c u l a t i o n s are to 
be done. 
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Composition Dependent Fuel Rod Clad Shrinkage Data 

5801SS. Bl, B2, B3, CI, C2, C3, C(1), 
Bl, B2, B3, CI, C2, C3, G(2), ... 

? l : ? S i ; : | ^ I r l l ^ l l r l I I JSl I S r I l l l l I f i r JSl I l l l l l l J l l I i f IZlilT'i^s 
re l e a s e . 

C d ) i s a composit ion number. The data on these cards c o n s i s t s of 
s e x t u p l e t s of f l o a t i n g point values in expansion format by 
compositIon. 

The C d ) must be g iven in s t r i c t l y Increasing order and the l a s t must be the 
larges t composit ion number in the problem. 

The SS = 01 , 02 , . . . , 9 9 s e q u e n t i a l l y . 

This data i s present If and on ly i f fuel rod clad shrinkage c a l c u l a t i o n s are to 
be done. 

Compoostion Dependent Fuel Rod Clad Shrinkage Data 

58e2SS, Ar/Aw, A4, Cg, Cs, Pg, VR, C d ) , 
Ar/Aw, A4, Cg, Cs, Pg, VR. C(2) , . . . 

Ar/Aw i s the r a t i o of rod area to water area. 
A4 i s a parameter in the express ion for the c a l c u l a t i o n of c lad s t r a i n . 

This value must be s t r i c t l y p o s i t i v e . , 
Cg Is a parameter in t h e . c a l c u l a t i o n of gap thermal c o n d u c t i v i t y . This 

value must not be z e r o . 
Cs i s a parameter in the c a l c u l a t i o n of gap thermal conducc iv i ty . 
Pg Is the pressure of gas In the gap ( p s l a ) . This value must be 

VRts '" lL ' 'Lj !roJ^L^;o lSme' ' I?*gap '*p1"uptenum to the volume of the 
f u e l . 

C d ) i s a composit ion number. The data on these cards c o n s i s t s of 
s e x t u p l e t s of f l o a t i n g point values in expansion format by 
composit ion. 

The C d ) must be g iven in s t r i c t l y increas ing order and the l a s t must be the 
larges t composit ion number In the problem. 

The SS 3 e i , 02 , . . . , 9 9 s e q u e n t i a l l y . 

This data Is present i f and on ly i f fue l rod clad shrinkage c a l c u l a t i o n s are to 
be done. 
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TABLE 18 .5 .1 

Name 

P 

fw 

£m 

Wt 

k l 

K 

DELTA 1 

DELTA2 

AlfHA 

BETA 

n 

m 

GAMIA 

KVF 

B 

lAMBDA 

AlPHFG 

AlPHT 

Dl 

DELTA 

DELIAt 

E 

E1-E5 

KAP 

RT 

Tre l 

a(n) 

b(n) 

c(n) 

d(n) 

Quantity 

P 
f w 
m 

h° 
K 
ft. 

a 
B 
n 

m 

V 

B 

X 

^ G 
04, 
1 

u 
At 

E 

K 

h: 
rel 

1.0 

1.0 

1.0 

1.0 

2.0 

1.0 

.03 

.0 

1 .07 , .0 , . 0 , . . . 

.0003333,,0,.0,. . , 

.0,.0,... 
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TABLE 18.8.2 

Nawc Ouantttv 

F F 
w/wref _w 

«ref 
Tin ^in 
Ah \ 
Af ^f 
Vc V 

c Vf ^f 
Ay 
Iz 

A 
y 

I 
z rs r 
8 r l ' l 

r2 '2 
r3 ' 3 
BETA0-BETA3 «o-S 
Al ^ 
R R 

B1-B3 » i - ^ 
C1-C3 
Ar/Aw Ar/Aw 

A4 \ 
Cg 
Cs 

C 
g 

c 
8 Pg 

VR 

P 
g 
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15.6. FEEDBACK INPUT PREPARATION: XENON FEEDBACK DATA 
Xenon feedback may be performed for any geometry type and dimensionality 

but the problem must be depletable. The xenon'and iodine concentrations In each 
gross block are updated every feedback try until the cfaangre in xenon 
concentration from one try to the next is less than some Input specified value. 

The xenon feedback option Is selected by the use of a singrle card, numbered 
010037, containing seven data items. These items Include the maximum number of 
feedbacks tries, the identification of the xenon and iodine nuclides, an edit 
indicator, an extrapolation factor, and two "closeness" criteria. Details of 
the data on this card are given below. 

Xenon Feedback Specification 

010037, TRYS, ID(Xe), ID(I), EDIT, THETA, EPSC, EPSS 
TRYS is the maximum number of xenon feedback tries to do (zero for no 

feedback). The feedback will be terminated after this many tries, 
but the program will go back through another recalculation of cross 
sections and flux based on the last xenon feedback calculation. The 
search will then be terminated normally as though it had converged 
but with an appropriate comment. 

ID(Xe) is the numeric identification of the xenon nuclide. 
ID(I) is the numeric identification of the iodine nuclide. 
EDIT Is an edit indicator. A value of zero will produce no editing; a 

value of 1 will produce average iodine and xenon results by edit 
set, plane grouping, and axial edit. 

TBETA is an extrapolation factor. This floating point number must have a 
value between 0.0 and 1.0 inclusive. The concentration of xenon is 
extrapolated from one feedback try to the n e x t b y setting the 
effective xenon concentration to be a fraction THETAof the xenon 
computed directly from the flux plus a fraction 1.0-THETA of the 
xenon from the previous feedback try. 

EPSC Is the desired maximum relative error in the xenon concentration. 
The feedback process is converged when the maximum relative change 
in the xenon concentration over all space (gross blocks) from one 
feedback try to the next Is less than EPSC. This value is floating 
po int. 

EPSS is the desired convergence of the flux Iterations before a new xenon 
feedback calculation is performed. This value is floating point. 

If editing is requested for this feedback calculation. It is done for every 
feedback try. The edit "limiting" associated with the average concentration 
edits as well as the axial edit limitations are applicable to this feedback 
editing (see card 011000 In Section 12.2). 
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This section describes card input which does not fall into any other 
particular category. Host of these cards are optional. 

The following is a summary of the miscellaneous data described in this 
section. 

000000 
000001 - 000018 

000100 
000200 
001000 
002000 
010900 

010901 - 010999 
017000 

017XX1 - 017XX9 
018XX1 - 018XX9 
019XX1 - 0I9XX9 
O4g001 - O4g099 
062001 - 062999 

card d e l e t i o n data 

input check 
printed output page reduct ion 
defau l t f u e l - s h u f f l i n g indicator or gross to f ine 
concentrat ion f i l e expansion indicator 
f u e l - s h u f f l i n g data 
block reduct ion e d i t request 
each XX a new block 

for mi i[: mi ii^ :iis :ll nii::^: iiz tint 
ItZlUllTsl J!anf'de"?iSit ions 

D e t a i l s of each of these cards f o l l o w s . 

Card D e l e t i o n 

000000, C ( l ) , + -C(2) , +-C(3) , . . . 
C(i) is the number of a câ rd to be deleted from the Input data. The form 

C(l), -C(t+1) implies all cards C(1) , G(i)+1, C(i)+2, ... , C(i+1). 
This card is used to delete other cards from consideration as input to the 
current case. The form of the data Is a list of card numbers In any order 
except that a negative card number implies that the entire list of cards from 
the previous card number through that card number is to be deleted. For 

o de 
form could be used: %:X iSn1.'X'andi example, to delete cards numbered 1, 3, 5, 10, 11, 12, and 20 , the following 

20, 10 , -12 , 1 1 3 . 5 

replacement i s done. 

a f f e c t the d e l e t i o n proces s . 

"ThB cards are de le ted from the "e f f ec t ive card input* for the current case ( s e e 
s e c t i o n 8 . 3 ) . 
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I t e r a t i o n S t r a t e g y O v e r r i d e Data 

000OXX, PARAM 

PARAM Is a s i n g l e parameter w h i c h c a n be o p t i o n a l l y Input to o v e r r i d e the 
b u i l t - i n i t e r a t i o n s t r a t e g y p a r a m e t e r s in t h e program. The meaning 
o f the d a t a depends on XX i n the c a r d number a s f o l l o w s ! 

a. For XX 3 0 1 , a guess for the i n i t i a l es t imate of SIGMA, the 
second mode to f i r s t mode e igenvalue r a t i o , may be input. This 
value i s f l o a t i n g point and Is defaul ted to zero so that a 
c a l c u l a t e d value w i l l be used for the i n i t i a l e s t i m a t e . 

b. For XX = 02 , a value for the inner i t e r a t i o n error reduct ion 
c r i t e r i o n may be input. This value Is f l o a t i n g p o i n t and i s 
defaul ted to 0 .15 in two - dimensional problems. 0 .1 in three -

Jr^le^rind'^one-^f of IS l se i ^ l i e l ^ i r ^ l e if t^~'hl'rllily 
condi t ions are symmetry ( c e l l problem). im y 

c . For XX = 03 , a value for the m u l t i p l i c a t i v e fac tor for use in 
the "maximum f lux to t e s t " may be input. This value i s f l o a t i n g 

d. F o r ' ' k " * o 4 ! J^I : i i e*J f tzeJ ;®2Sy be Input to Indicate that the 

edrt:d,'ora*4:iue':rrto"lnStcate t ^ t i ; ? i ane^dlts i ^ 0 ^ o {: 
be done. This value Is integer and i s defaul ted to zero . 

e . For XX - 05 , a value may be input to indicate the maximum number 
of outer i t e r a t i o n s to be done. If the problem has not 
converged in t h i s many outer i t e r a t i o n s , the program terminates 
the i t e r a t i o n process normally as though i t had converged. This 
value Is integer and i s defaul ted to an i n f i n i t e l y large va lue . 

f. For XX = 06, a value of zero may be input to ind icate that a 
one-point s igmaatota l coupl ing Is to be used In the two -
dimensional quadr i la tera l geometry I t e r a t i o n , or a value of 1 to 
indicate that a n ine -po in t coupl ing Is to be used. This value 
Is Integer and i s defaul ted to z e r o . 

g. For XX = 07, a value may be input to Indicate ^ I c h outer 
i t e r a t i o n to begin (2hebyshev e x t r a p o l a t i o n i f a l l of the 
internal measures indicate that such e x t r a p o l a t i o n Is d e s i r a b l e . 
This value i s Integer and i s defaul ted to 4 u n l e s s a non-zero 
SIGMA i s Input In which case It Is defaul ted to 2 . 

h. For XX = 08 , a value may be input to s e t the I n i t i a l Chebyshev 
c y c l e number. If t h i s number i s non-zero, the program w i l l 
remove c e r t a i n l imi t r e s t r i c t i o n s on SIGMA that e x i s t In e a r l y 

zerJ '^r . sT i^n-zerr i lGMr*?: Inpif efnr tStci* tliT^lf \l 
defaui toa to o* 
For XX = 09 , a value may be input %diich s p e c i f i e s the c r i t e r i o n 

pjegi;^*^i^'»e:i;e"rsbfi:aiiSri:?^iaa:reT:"s:fi:ltii^^ 
For XX = 10, a value may be input yihleh. s p e c i f i e s the c r i t e r i o n 
on the "EPS." quant i ty before Chebyshev a c c e l e r a t i o n i s allowed 
to begin . This value i s f l o a t i n g point and i s defaul ted to 0 . 2 . 
For XX = 11, a value may be input which s p e c i f i e s the minimum 
degree of a Chebyshev polynomial to be appl ied before the rate 
of convergence of the a c c e l e r a t i o n i s examined to determine 
whether to r e - e s t i m a t e SIGMA and begin a new c y c l e . This value 
i s integer and i s defaul ted to 1. 
For XX = 12, a value maybe input to s p e c i f y the convergence 
c r i t e r i o n for the OMEGA i t e r a t i o n s . This value Is f l o a t i n g 
point and Is de fau l ted to 0.O1 
For XX = 13, a value may be Input to s p e c i f y the number of inner 
I t e r a t i o n s per pass to do In the OMEGA i t e r a t i o n s . This value 
1s integfer an̂ d i s defaul ted to tt. 
For XX = 14, a value may be input to s p e c i f y the number of 
passes to make in the OMEGA i teraaioon i i nach hro^p. This 
value i s Integer and Is defaul ted to 4 in two - dimensional 

Forbia"^ I t aov2lue ojrzer^ 1 1 ^ " ^^S^it**toMnS[1;af that the 

1. 

J . 

k. 

1. 
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OMEGA i t e r a t i o n r e s u l t s are to be e d i t e d , or a value of 1 to 
ind icate that such an e d i t i s not to be done. This value is 
integer and i s defaul ted to z e r o . 

p . For XX = 16, a value of the f i n a l e igenvalue ( f i n a l in the sense 
of being a f t e r any feedbacks, searches , and sub-cases ) expected 
may be input. If t h i s value Is non-zero and the e p s i l o n 
c r i t e r i o n on card 17 is a l s o non-zero, the program w i l l abort i f 

'^id^ToLe'''^^Ts'''%aAi ? r f iSt in^^^ i^J a ^ ' ? : d^^iiiLd*?: 
q. For XX = 17, a v a l u e o f the e p s i l o n c r i t e r i o n on the f i n a l 

e i g e n v a l u e e x p e c t e d may be i n p u t . If t h i s v a l u e i s n o n - z e r o and 
the e p s i l o n c r i t e r i o n on c a r d 17 i s a l s o n o n - z e r o , the program 
w i n a b o r t i f the f i n a l e i g e n v a l u e i s not the e x p e c t e d v a l u e 
w i t h i n the c r i t e r i o n . T h i s v a l u e i s f l o a t i n g p o i n t and i s 
d e f a u l t e d to z e r o . 

r . For XX = 18 , a v a l u e o f z e r o may be input to i n d i c a t e t h a t a 
f i n a l s p a t i a l i s to be performed a f t e r the t e r m i n a t i o n o f xenon 
a n d / o r thermal f e e d b a c k , or a v a l u e o f 1 to i n d i c a t e t h a t no 
f i n a l s p a t i a l Is to be performed a f t e r the t e r m i n a t i o n of t h e s e 
f e e d b a c k s . T h i s v a l u e i s a n i n t e g e r and i s d e f a u l t e d to 0 . 

Except f o r I tems p , q and r , t h e s e p a r a m e t e r s a p p l y o n l y to e x p l i c i t s o l u t i o n s 
and a r e Ignored ( n o e r r o r ) i n s y n t h e s i s p r o b l e m s . 

The mode ( l n t e g e r or f l o a t i n g p o i n t ) o f t h e s e q u a n t i t i e s I s n o t c h e c k e d by 
program. Any parameter v a l u e w h i c h I s input a s n e g a t i v e or z e r o i s i g n o r e d . 

the 

WARNING 

These i t e r a t i o n s t r a e g r y o v e r r i d e p a r a m e t e r s 
s h o u l d be u s e d w i t h ex treme c a u t i o n and o n l y a f t e r 
c o n s u l t a t i o n w i t h a c o g n i z a n t programmer or 
a n a l y s t . The d e f a u l t v a l u e s p r o v i d e an "optimfum" 
i t e r a t i o n s t r a e g r y f o r a wide r a n g e o f problems 
and a r e b a s e d on many y e a r s o f program u s e . A 

JJ-ire^rSaorimiSr^arriieerrn^^e^rnce*?! "^^ 

During searches and feedbacks, these override parameters are va l id only during 
the f i r s t s p a t i a l c a l c u l a t i o n . Later s p a t i a l c a l c u l a t i o n s in the same case or 
sub-case modify some of the parameters to r e f l e c t measurements a lready acquired 
from e a r l i e r c a l c u l a t i o n s . 

Geometry Bi t -Packing Override 

%MtM, F, R, G, T, H 

F Is the number of b i t s to use for packing the f i n a l f igure number 
( d e f a u l t i s 10) . 

R i s the number of b i t s to use for packing the planar reg ion number 
( d e f a u l t i s 10) . 

C Is the number of b i t s to use for packing the channel number (de fau l t 
Is 3 0 ) . 

T Is the number of b i t s to use for packing the track number (de fau l t 
Is 7 ) . 

H i s the number of b i t s to use for packing the hexagonal 
transformation number ( d e f a u l t i s 3 ) . 

These va lues are in tegers and must be p o s i t i v e . The data i s opt ional and from 
one to f iv« va lues may be supp l i ed . The va lues must sum to a value no greater 
than the nnnber of b i t s In a word ( 6 0 ) . 

This card should not be used without c o n s u l t a t i o n with the cognizant programmer. 
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Disk Allocation and Restart Override 

000200, MANY, NORESTART 
MANY is the initial number of tracks per disk to allocate. This number 

is defaulted by the program to an adequate value and the prggram 
will acquire additional tracks if necessary so that the user Is not 
normally concerned with this value. 

NORESTART can be used to override automatic restarts that normally occur after 
a machine error has been detected. If this value is zero, no 
automatic restart will be done; any other value (default value Is 
1) will cause the normal behaviour which implies a restart attempt. 

This card is optional and one or two values may be present. The first input 
quantity (MANY) cau be used to force the program to run entirely without disks, 
force the use of disks, or let the program decide (which is the normal 
condition). If this value is zero (default), the program attempts to make a 
conservative estimate of the total storage required and will run the problem 
with or without disks depending on the result of this estimate. If this value 
is positive, the program will force the use of disks and. in addition, if this 
value is positive and equal to 1 modulo 100, then disk checksumming is 
performed. If this value is negative, the program will run the problem without 
using disks. 
This card should not be used without consultation with the cognizant programmer. 

Input Check 

001000. DATA 
DATA is any kind of input. Just to indicate the presence of this card. 

There may be any number of items on this card, and the type of data 
may be integer, floating point, or alphanumeric. 

If this card is present, whether in error or not and no matter what it contains, 
the path indicated on card 010000 is ignored and set to 7 (input check all 
cases, no filing). This allows an input check of other data on card 010000 
without changing that card to obtain the input check. 

Printed Output Page Reduction 

002000. EMPTY, FULL 
EMPTY is the number of lines that can already be printed on a page before 

a page eject will be done for a new type or collection of output. 
This item defaults to zero. 

FULL is the number of lines remaining on a page for which no new set (of 
the same type) of output will begin if the entire set will not fit. 
This item defaults to one-half of a page. 

This card can be used to compact the printed output without reducing the amount 
of data printed. 
The program always does a page eject at the beginning of a case and for picture 
edits and mesh edits. For all other editing, page ejects are done only at the 
beginning of a new type of edit (for example, from flux weighted macroscopic 
data to depletion data) and then only if a page is not already "empty". An 
"empty" page is determined by the number of lines actually existing on the 
current page versus the input item EMPTY. If the number of lines already 
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p r i n t e d on a page i s l e s s than or e q u a l to EMPTY, a page e j e c t i s not performed 
b u t , i n s t e a d , an e n t i r e l i n e o f s l a s h e s ( / ) i s o u t p u t to s e p a r a t e the two t y p e s 
o f e d i t . 

Wi th in an e d i t t y p e , t h e r e may be many s e t s o f 
w e i g h t e d m a c r o s c o p i c d a t a , the power f r a c t i o n s 
r a t e s a r e g r o u p e d , e t c . The program d e t e r m i n e s 
w i l l be p r i n t e d i n the n e x t s e t and i f i t 
r e m a i n i n g on the c u r r e n t p a g e , two b l a n k l i n e s 
If the d a t a w i l l n o t f i t on the c u r r e n t p a g e , 
input v a l u e FULL. If t h e r e a r e more than FULL 
p a g e , a page e j e c t i s not performed but 
f o l l o w e d by the d a t a . 

d a t a . For example , in the f l u x 
a r e grouped , then the a b s o r p t i o n 
how many l i n e s of n o n - z e r o d a t a 
i s l e s s than the number o f l i n e s 

are ou tput f o l l o w e d by the d a t a . 
however , the program examines the 

l ^ r ^ ^ i l i : ^ lTne*":re%"u^;utt 

The most compact form o f o u t p u t o c c u r s when EMPTY i s s e t to a v a l u e l a r g e r than 
the number of l i n e s on a page ( s a y 100) and FULL i s s e t to z e r o . 

F u e l - S h u f f l i n g D e f a u l t or Gross to F i n e E x p a n s i o n 

0 1 0 9 0 0 . DEF 

DEF i s e i t h e r the d e f a u l t f u e l - s h u f f I I n g I n d i c a t o r or a r e q u e s t f o r the 
g r o s s t o f i n e b l o c k c o n c e n t r a t i o n e x p a n s i o n o p t i o n . 
If DEF i s - 1 . g r o s s to f i n e b l o c k c o n c e n t r a t i o n e x p a n s i o n i s 
i n d i c a t e d . In t h i s c a s e the prob lem must be f i n e b l o c k e d and an 
i n p u t F i l e Manager c o n c e n t r a t i o n f i l e must be g r o s s b l o c k e d o n l y . 
O t h e r w i s e , DEF i s the d e f a u l t i n d i c a t o r o f the type o f 
t r a n s f o r m a t i o n to per form f o r f i n a l f i g u r e s in the c u r r e n t prob lem 
g e o m e t r y w h i c h a r e not e x p l i c i t l y t rans formed v i a the d a t a on c a r d s 
0 1 0 9 S S . A DEF v a l u e o f z e r o I m p l i e s t h a t s u c h f i n a l f i g u r e s are to 
r e c e i v e z e r o v a l u e s f o r c o n c e n t r a t i o n s ; a DEF v a l u e of one i m p l i e s 
t h a t s u c h f i n a l f i g u r e s are to r e c e i v e c o n c e n t r a t i o n s from 
l i k e - n u m b e r e d f i n a l f i g u r e s in the g e o m e t r y a s s o c i a t e d w i t h the 
input c o n c e n t r a t i o n f i l e ( i . e . t h e y are to be t rans formed 

T h i s c a r d i s o p t i o n a l and , i f m i s s i n g , a DEF v a l u e of 
t r a n s f o r m a t i o n f o r m i s s i n g f i g u r e s ) i s assumed. 

( o n e - t o - o n e 

F u e l - S h u f f l i n g Data 

0109SS , OLDFIG(1), 0LDBIAS(1) , NEWFIG(l), NEWBIAS(1), 
0LDFIG(2) , 0LDBIAS(2) , N E W I G ( 2 ) . NEWBIAS(2), . . . 

OLDFIG(1) i s a f i n a l f i g u r e number in the input F i l e Minager g e o m e t r y f i l e 
a s s o c i a t e d w i t h the input F i l e Manager c o n c e n t r a t i o n f i l e , 

OLDBIAS(i) i s the c h a n n e l b i a s nnmber used i n OLDFIG(i) i n the input F i l e 
Manager g e o m e t r y f i l e a s s o c i a t e d w i t h the Input F i l e Manager 
c o n c e n t r a t i o n f i l e . 

NEWFIG(i) i s the f i n a l f i g u r e number i n the c u r r e n t problem g e o m e t r y t h a t i s 
to be a s s g p n e d the g r o s S b l o c k c o n c e n t r a t i o n s a s s o c i a t e d w i t h 
OLDFIG(i) i n the input f i l e s . 

NEWBIAS(i) i s the c h a n n e l b i a s number used i n NEWFIGd) in the c u r r e n t prob lem 
g e o m e t r y t h a t i s u s e d to d e t e r m i n e the o r d e r of the f i n e b l o c k 
c o n c e n t r a t i o n s t h a t a r e to be mapped from OLDFIG(i) to NEWIG( ( ) . 

T h i s d a t a c o n s i s t s o f q u a d r u p l e t s o f d a t a mapping b o t h the g r o s s b l o c k s and 
f i n e b l o c k s from a p r e v i o u s g e o m e t r y i n t o the c u r r e n t g e o m e t r y . 

the 

Not a l l o f the f i n a l f i g u r e s wh ich e x i s t in the c u r r e n t g e o m e t r y need be l i s t e d 
( a s NEWFFGd)) and i n t h i s c a s e the d e f a u l t c o n d i t i o n d e s c r i b e d on c a r d 010900 
d e t e r m i n e s whether z e r o v a l u e s a r e s t o r e d or a o n e - t o - o n e t r a n s f o r m a t i o n i s 
d o n e . In a d d i t i o n , not a l l o f the f i n a l f i g u r e s i n the o l d g e o m e t r y need be 

one 
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used. However, duplicate values of NEWFIG(1) are not allowed since an 
ill-defined transformation would result. The order of the mapping is arbitrary. 
The concentrations in each gross or fine block are obtained from the appropriate 
block in the old concentration file or the concentrations may be set to zero. 
If the value of 0LDF1G( i) is zero, then all of the concentrations in each gross 
block and in each fine block contained in final figure NEWF1G(1) are set to 
zero. In this case, the OLDBIAS(1) and NEVBIAS(i) values are meaningless and 
can be any value. 
Both an input concentration File Onager file and an associated geometry input 
File Manager file must be provided when this expansion data is present. 
This capability cannot be used for one - dimensional problems or cylindrical 
geometry problems. 
The SS = 1, 2 99 sequentially. 

Block Reduction Editing 

017000, EDIT 
EDIT is an edit indicator. If EDIT is zero, uo editing is done; if EDIT 

is 1, an edit of the transverse and/or axial block reduction data is 
performed during input processing. 

This card is deleted from case to case. 

Transverse Block Reduction 

01XXXS, F(l), +-F(2) 0 , R(l), +-R(2), ... 
F ( i ) i s a f i n a l f igure number. The form F ( 1 ) , -F(1+1) implies f i n a l 

f igure numbers F ( i ) , F ( i ) + 1 , F ( i ) + 2 F ( i + 1 ) . The F ( i ) must be 
s t r i c t l y increas ing in absolute va lue . there may not be two 
consecut ive negat ive numbers, and the f i r s t number must be p o s i t i v e . 

The l i s t of f i n a l f igure numbers must be separated from the l i s t of planar 
reg ion numbers by a zero . 

The meaning of th i s data v a r i e s wi th the subser i e s number XXX which i s divided 
into four ranges as f o l l o w s : 

XXX a 700 - 799 : Each XXX i s a new gross block. 

XXX s 800 - 899 : For each XXX, each f igure with a l l reg ions i s a new gross 
block. 

XXX s 900 - 999 : For each XXX, each reg ion with a l l f igures i s a new gross 
block. 

Each new gross block def ined must e x i s t ; i . e . the area of the new block cannot 
be zero . 

An old gross block can become part of AT MOST one new block. 

Not a l l old blocks need be def ined i f they are to be t rans la ted one - to -one . 

The f i r s t f i n a l f igure l i s t e d and the f i r s t planar reg ion l i s t e d In the 
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definition of the new block are the final figure and planar region assigned to 
the new block. 
The transverse block reduction can be requested independent of axial block 
redact ion. 
Any of the subseries may be omitted. In any given range X00 - X99, the 
subseries number must be X0O, KU1, ... , X99 sequentially. 
The S = 1, 2, ... , 9 sequentially for each XXX. 

Fixed::jo^ce^lues 

04g0SS, S(l), C(l), S(2), C(2), ... 
S(1) i s a source value for group g in compositions C( l -1 )+1 through C ( i ) . 

This i s a f l o a t i n g point va lue . 
C(1) i s a composit ion number. This data c o n s i s t s of a f l o a t i n g point 

value of the source i n expansion format by composit ion. The C(1) 
must be s t r i c t l y increas ing In order and the l a s t such value must be 
equal to the maximum composit ion number. 

This data must be present If the "problem type" i s f ixed source and must not be 
present o therwise . 

For each gronp g, the SS - 01 , 02 , . . . , 9 9 s e q u e n t i a l l y . 

Axial Block-Plane Reduction 

062SSS, Z ( l ) , Z(2) , . . . 

cont iruous old gross p lanes . 

other problem l . p i t data . i c h . . . ; > t l > . . l . t r l . l f . » c t l . » z . . . b . iu> l>r l . . , p i . . . 

The a x i a l block reduct ion can be requested Independent of transverse block 
rednct ion . 

If planar reg ion / plane dependent area d i s t o r t i o n fac tors (area r a t i o s ) are 
present , t h i s reduct ion w i l l a x i a l l y average such f a c t o r s . 

The SSS = 001, 002 999 s e q u e n t i a l l y . 
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17.1. OUTPUT EDITING: INPUT PROCESSING OUTPUT 
The program output always begins with a one page edit of USER NOTICES. 

These notices describe the latest changes or additions to the program. If the 
prog^ram is executed with no card input data, a special edit is printed. This 
special edit consists of ALL past user notices and an input CHECKLIST which 
includes a brief description of every possible input card. 

For every case of input, the following are always edited during input 
process ingS 
(a) CARDFILE cards in the order they are encountered; 
(b) Card data from card files in the order they are processed; 
(c) Card input data for the current case; 
(d) A one page summary of important problem parameters; and, 
(e) In synthesis cases, the trial function descriptions. 
If sub-cases are being executed, (a) through (e) are edited only in the parent 
case but a short summary edit of important problem parameters at the beginning 
of each sub-case is always included. 

All other editing of Input data which can occur during input processing 
(except. of course. error commenting) is optional. T^re are five major 
sections of optional input editing which can be requested: 
1. Geometry data. 
2. Concentration data, 
3. Harmony input data. 
4. Integration edit definitions, and 
5. (Geometry pictures. 
These edits, as well as all other optional edits in the program, are defaulted 
"off"; that Is, they are not done unless specifically requested. In addition, 
such edit requests are deleted from case to case and thus must be requested 
explicitly in each case if desired. 

1. Geometry Data 

During input processing but before the actual grid generation, the geometry 
data is optionally edited. If fine blocking is being done, the list of planar 
regions to be fine blocked is edited. Basic figure data is edited giving the 
identification of the figure and the mesh spacIngs assigned to that figure. If 
fine blocking Is being done, the channel and track data (if any) for that basic 
figure and for each auxiliary figure is also edited. For rectangular, 
cylindrical, and spherical geometries only, the accumulated column and row 
intervals are edited. For three dimensional problems, the axial mesh intervals 
and accumulated mesh intervals are edited. Final figure or compound figure data 
is also edited under this option. 

The area of each of the planar regions for the entire problem is edited 
after the grid has been generated. Composition correspondences are edited for 
plane zero and for each plane in which the correspondences change. 

For quadrilateral geometry, a separate input edit option cau be utilized to 
obtain the calculation and editing of grid distortion Indicators. This data 
includes maximum, minimum, and average values of various distances, angles, 
ratios of lengths, and ratios of angles. This data is for the solution figure 
only and may be printer - plotted as well as printed. If the data is printer -
plotted. a histogram of percentages of values between the minimum and maximum 
are shown. 
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2 . C o n c e n t r a t i o n Data 

The card input c o n c e n t r a t i o n s by c o m p o s i t i o n a r e e d i t e d under input o p t i o n . 
The data i s p r i n t e d i n c o l u m n s , e i g h t n u c l i d e s ( c o l u m n s ) a t a t i m e . L i n e s o f 
data which are i d e n t i c a l l y z e r o a r e o m i t t e d . 

3 . Harmony Input Data 

N u c l i d e i d e n t i f i c a t i o n s are e d i t e d d u r i n g input p r o c e s s i n g and g i v e f o r 
e a c h n u c l i d e a numeric ID, the a s s o c i a t e d a l p h a n u m e r i c ID, and an i n d i c a t i o n o f 
whether the n u c l i d e i s f i n e b l o c k d e p l e t a b l e . 

The e d i t o f t a b l e s e t d a t a d u r i n g input p r o c e s s i n g i s a compromise b e t w e e n 
p r i n t i n g e v e r y number i n e a c h t a b l e to be u s e d by the program i n e a c h 
c o m p o s i t i o n and p r i n t i n g a l i s t o f the t a b l e s e t I D ' s b y c o m p o s i t i o n . For 
s i m p l e t a b l e s e t u s a g e , the l a t t e r i s p r o b a b l y s u f f i c i e n t . When the t a b l e s e t 
o v e r l a y input i s used or when t a b l e s e t s are t a k e n from an input t a b l e s e t F i l e 

Each t a b l e s e t r e f e r e n c e d by the a s s i g n m e n t or o v e r l a y input d a t a i s 
i d e n t i f i e d b y l i s t i n g the numeric and a l p h a n u m e r i c ID ' s a s s i g n e d to them. Note 
that t h i s i s the o n l y usage o f the a lphanumer ic ID. Then f o r e a c h c o m p o o i t i o n , 
e a c h t a b l e to be used i s d e s c r i b e d b y g i v i n g the t a b l e s e t ID i n w h i c h I t was 
o r i g i n a l l y s p e c i f i e d or d e f i n e d , the i d e n t i f i c a t i o n o f the q u a n t i t y r e p r e s e n t e d 
by the t a b l e , and the t a b l e number a s s i g n e d b y the program. T h i s t a b l e number 

i^r^^'l^t^^lr^n^r^^lo^' ^InbetSe iniJeJttf i^^tY^: ^? t^^qu^S^lfyJ^ itf 
columns of numbers are l i s t e d for. group, n u c l i d e , type, order of i n t e r p o l a t i o n , 
and area d i s t o r t i o n f a c t o r . Depending on the type of t a b l e , some of the columns 
are l e f t blank because the data i s not appropriate . If the area d i s t o r t i o n 
factors are input by planar reg ion and gross p lane , that data i s ed i t ed 
separate ly . 

A s p e c i a l short form of e d i t i s a v a i l a b l e which provides only the numeric 
table s e t ID and area d i s t o r t i o n factor by composit ion (or by planar reg ion for 
the f i r s t plane o n l y ) , as wel l as numeric and alphanumeric nucl ide ID's and 
numeric and alphanumeric table s e t ID's . 

4 . Integrat ion Edit D e e i n i t i o n s 

The expanded e d i t s e t d e f i n i t i o n s may be ed i t ed under input opt ion . This 
ed i t includes the l i s t of f i n a l f igures wi th a s s o c i a t e d planar regions that 
c o n s t i t u t e an e d i t s e t . For e d i t s e t s c o n s i s t i n g of a s i n g l e f i n a l f igure and a 
s i n g l e planar reg ion , s u c c e s s i v e e d i t s e t s are ed i t ed on the same l i n e , four per 
l i n e . For both f i n a l f igure numbers and planar reg ion numbers, the form N. -H 
implies the numbers N, N+1, N+2, . . . , M. 

5. Geometry P ic tures 

Geometry p i c ture e d i t s and p l o t s are described in S e c t i o n 10.6 and t h i s 
s e c t i o n w i l l not repeat that d e s c r i p t i o n . Rather, t h i s s e c t i o n includes three 
sample p ic ture e d i t s for rectangular , hexagonal, and quadr i la tera l g e o n ^ t r i e s . 
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RECTANGULAR PICTURE 
000 002 004 006 008 010 
»04 04 04 04 04 04«O5 05 05 05 05* 
»03«09 09 09*08 08*05 05 05 05 05* 

®®̂  Lo!L. . . «oLo «o!:So!^r^?*^T*^1':^ 
*O3*09 09 09*08 08*02*01 Ol Ol 01* 
*03«O9 09 09*08 08*02*01 01 01 01* 

004 * **************** * * 
*03*07 07 07*06 06*02*01 Ol 01 01* 
*O3*09 09 09*08 08*02*01 01 01 01* 

006 * * * * * * 
*03*O9 09 09*08 0^02*01 Ol 01 Ol* 
*03*O9 09 09*08 08*02*01 01 01 01* 008 * * * * * * *03*O9 09 09*08 08*02*01 01 01 01* * * * * * * 
*03*O9 09 09*08 08*02*01 01 01 01* 

010 * * * * * * 
*03*O9 09 09*08 98*02*01 01 01 Ol* 
*03*O9 09 09*08 08*02*01 01 01 01* 012 * **************** * * 

HEXAGONAL PICTUBE 
004 005 006 007 008 
000 000 000 000 000 * * * * * * * * * * * * * 000 
* 01 01 01 01 * 

003 * 01 01 01 01 01* 
000 * » * » * * 001 

* 01 01 01 01 01 * 
002 * 01 01 01 01 01 01* 
000 * * * * * * * 002 

» 01 01 01 01 01 01 * 
001 » 01 01 01 01 01 01 01* 
000 * * * * * » » * * * » * » » 003 

* 01 01 01 » 02 02 02* 01 * 
000 * 01 01 01 01* 02 02 * 01 01* 
000 * * * * * * * * * 004 

* 01 01 01 01 * 02 02* 01 01 * * 01 01 01 01* 02 * 01 01 01* 0 0 1 * » » ' * * * » * * 068 
» 01 01 01 01 * 02* 01 01 01 * * 01 01 01 01* * 01 01 01 01* 002 * * * * * * * * * * * « * * » « * * * * * 006 

» 03 * 01 * 03 * 01* 008 006 007 008 
* 03* 01* 03* * 003 006 006 006 006 

003 * * » * 006 
* 03 * 01* 03* 
» 03* * 03 * 002 

004 * * * 006 
* 03 03* 
* 03 * 001 

008 i « 006 
* 03* 
* * 000 

006 * 006 
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(QUADRILATERAL PICTURE 
(000) (001) (002) (003) (004) (005) (000)+ + ^ +- +- +(000) I I I 001 001 I 007 007 007 

,e01)i + I- - -+- - -+- - -+(001) I IX 0031 I 001 001 I X I 004 004 
te02)+I - -+- - -+*^" ""l + +(002) 1002 X 005 XI I I X X I 008 I 004 004 IX 005 X 0021 I (003)+ + + + + +(003) I I I I 002 002 I 008 I 006 006 
(004)+---+---+ + + +(004) 

I 008 008 008 I 006 006 I I (005)+ + + + + +(005) (000) (001) (002) (003) (004) (005) 
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1 7 . 2 . OUTPUT EDITING: MACROSCOPIC DATA OUTPUT 

Under I n p u t o p t i o n , vo lume - w e g h t e d a v e r a g e m a c r o s c o p i c d a t a n a y b e 
o b t a i n e d f o r e a c h g r o u p . F o r a n y m a c r o s c o p i c p a r a m e t e r , t h e a v e r a g e v a l u e i s 
c a l c u l a t e d b y i n t e g r a t i n g t h e p a r a m e t e r o v e r t h e vo lume of t h e e d i t r e g i o n and 
t h e n d i v i d i n g b y t h e e d i t r e g i o n v o l u m e . A l l m a c r o s c o p i c p a r a m e t e r s l i s t e d In 
t a b l e 1 1 . 5 . 1 a r e e d i t e d . N o t e t h a t t h e b u c k l i n g i s c a l c u l a t e d f rom a t o t a l 
c r o s s s e c t i o n and h e n c e may n o t m a t c h e x a c t l y t h e i n p u t v a l u e . Note a l s o t h a t 
t h e ' f i s s i o n c r o s s s e c t i o n i s r e p l a c e d b y t h e I n p u t s o u r c e i n a f i x e d s o u r c e 
p r o b l e m . 

T h i s d a t a i s e d i t e d b y e d i t s e t and p l a n e g r o u p i n g . The e d i t " l i m i t i n g * 
a s s o c i a t e d w i t h t h e vo lume - w e i g h t e d e d i t s i s a p p l i c a b l e t o t h i s e d i t i n g ( s e e 
c a r d 0 1 1 0 0 0 i n S e c t i o n 1 2 . 2 ) . 

Any e d i t s e t f o r i d i i c h a l l o f t h e a v e r a g e v a l u e s a r e i d e n t i c a l l y z 
t p r i n t e d and o f c o u r s e t h e d i v i s i o n b y a z e r o volume i s n o t p e r f o r m e d . 
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1 7 . 3 . OUTPUT EDITING: ITERATION OUTPUT 

T h i s s e c t i o n d e s c r i b e s the p a r a m e t e r s e d i t e d d u r i n g the s p a t i a l c a l c u l a t i o n 
f o r e x p l i c i t f l u x s o l u t i o n s . Host o f t h e s e q u a n t i t i e s a r e d i s c u s s e d i n d e t a i l 
i n R e f e r e n c e 4 . 

The omega c a l c u l a t i o n e d i t s the q u a n t i t i e s RHO, OMEGA, SIGMA, and DELTA f o r 
e a c h p a s s i n e a c h g r o u p . T h i s omega i t e r a t i o n e d i t I s o p t i o n a l but i s d e f a u l t e d 
to do an e d i t u n l e s s s p e c i f i c a l l y r e q u e s t e d o t h e r w i s e . The number o f p a s s e s 
performed depends upon the p r o b l e m s i z e , the s t o r a g e a v a i l a b l e , and the r a t e o f 
c o n v e r g e n c e o f the c a l c u l a t i o n . RHO i s an e s t i m a t e o f the l a r g e s t e i g e n v a l u e o f 
the inner i t e r a t i o n m a t r i x , OMEGA i s a n o v e r r e l a x a t i o n parameter c a l c u l a t e d from 

T^t':'"' ^%^''r.itV\rtT^\i'Tf f̂ î 'T^cLnsJgl̂ t ^̂ ĝen̂ lur̂ f i^rtii^r 
i t e r a t i o n m a t r i x d i v i d e d by RHO, DELTA i s the f a c f o r b y ' ^ w h i c h the i n i t i a l 

iriir̂ îtheî erfoMowTSĝ ŝ ii \: z':rA^ro\riii L^Vr'iT I:^V'^i^^'^rd'^ 
r e q u i r e d to a c h i e v e t h i s r e s i d u a l r e d u c t i o n . 

A summary o f the i n n e r i t e r a t i o n r e s u l t s i n e a c h group i s g i v e n f o r e a c h 
o u t e r i t e r a t i o n . T h i s i n c l u d e s the t o t a l number o f inner i t e r a t i o n s p e r f o r m e d , 
v a l u e s o f R(1) and DELTA, and the number of p a s s e s t h r o u g h the mesh r e q u i r e d to 
per form the inner i t e r a t i o n s ( i f g r e a t e r than o n e ) , where R ( l ) i s the i n i t i a l 

Thti^-liner ??e':^tlon''''^i;a'=lr llTil^Tr^lVll d Ĵ̂ ullê d tTiTll^d^V-^T.is 
s p e c i f i c a l l y r e q u e s t e d o t h e r w i s e . 

The omega and i n n e r i t e r a t i o n ( o u t e r I t e r a t i o n i n 1-D) r e s u l t s a r e e d i t e d 
d u r i n g s e a r c h e s and f e e d b a c k s f o r the f i r s t s p a t i a l c a l c u l a t i o n o n l y . 
T h e r e a f t e r , t h e s e e d i t s a r e a u t o m a t i c a l l y "turned o f f " b y the program. 

The o u t e r i t e r a t i o n r e s u l t s e d i t e d are S I G / I , SK^/O, MAX, HIN, GAMMA, 
PT/AV, RATIO, EPS. and LAMBDA. S I G / I and S I G / 0 a r e e s t i m a t e s o f the c o n v e r g e n c e 
r a t e a s measured by the inner and the o u t e r i t e r a t i o n s r e s p e c t i v e l y . HAX and 
HIN a r e the l a r g e s t and s m a l l e s t p o i n t w i s e f l u x r a t i o s b e t w e e n the c u r r e n t and 
p r e v i o u s i t e r a t i o n , e a c h m u l t i p l i e d b y LAMBDA. GAMMA i s a n o r m a l i z i n g fafetor 
( w h i c h a p p r o a c h e s u n i t y ) , and PT/AV i s an e s t i m a t e o f the l a r g e s t p o i n t f l u x 
e r r o r d i v i d e d by the a v e r a g e f l u x e r r o r . RATIO i s an e s t i m a t e o f the 
c o n v e r g e n c e r a t e o b t a i n e d d u r i n g a Chebyshev e x t r a p o l a t i o n c y c l e d i v i d e d by the 
p r e d i c t e d r a t e , and the q u a n t i t y i n p a r e n t h e s e s f o l l o w i n g RATIO i s the d e g r e e o f 
t h e C h e b y s h e v ' p o l y n o m i a l b e i n g ' ' a p p l i e d ( z e r o f o r power i t e r a t i o n s ) . EPS*is the 
a b s o l u t e v a l u e o f the l a r g e s t d e v i a t i o n o f the p o i n t w i s e f l u x r a t i o from u n i t y , 
and the q u a n t i t y i n p a r e n t h e s e s f o l l o w i n g EPS i s the o u t e r i t e r a t i o n number. 
I n c I d e n t i a l l y , the o u t e r i t e r a t i o n number i s s e t n e g a t i v e If a n e g a t i v e f l u x 
v a l u e i s d e t e c t e d a t any p o i n t f o r w h i c h the f i s s i o n s o u r c e i s n o n - z e r o . LAMBDA 

l̂ iJ^ /̂eef^Jor^^JLn^^gkflrc^ îcuî t^d :r\z J^oYtEr :f:ol:?ft5a^iestJf 
siurr-s:^ir:ei*;i idi ^?-aM*nL^re";f£ '^ ' ^ ' ' - *̂ ^ ^ ^ ^ 

M u l t i p l e o u t e r i t e r a t i o n s a r e performed i n f i x e d s o u r c e and one i t e r a t i o n 
p r o b l e m s , but the i n p u t or f i s s i o n s o u r c e i s not a l t e r e d b e t w e e n i t e r a t i o n s . 
LAMBDA i s s e t to u n i t y i n f i x e d s o u r c e problems and a p p r o a c h e s u n i t y i n boundary 
v a l u e p r o b l e m s . The REACTIVITY(PERCENTAGE), d e f i n e d a s : 

1 0 0 ( L - 1 ) / L 

where L s t a n d s f o r the e i g e n v a l u e LAMBDA, and DOMINANCE, which i s an e s t i m a t e o f 
the r a t i o o f the s e c o n d l a r g e s t to the l a r g e s t e i g e n v a l u e , a r e e d i t e d f o l l o w i n g 
the l a s t o u t e r I t e r a t i o n . In s l o w l y c o n v e r g e n t p r o b l e m s , the m e s s a g e : 

INPUT EPS. CRITERION CHANGED 

Is i n c l u d e d In the o u t p u t to s i g n a l t h a t I n e q u a l i t y 2 . 2 . 1 has b e e n a l t e r e d to 
a s s u r e a d e q u a t e c o n v e r g e n c e . Under o p e r a t o r c o n t r o l the c u r r e n t o u t e r i t e r a t i o n 
number, the e s t i m a t e d f i n a l i t e r a t i o n number, and the v a l u e o f LAMBDA may be 
m o n i t o r e d a t the d i s p l a y c o n s o l e . T h i s c o n s o l e message i s o f the form: 

LAHBDA(12 OF 34) - 123456+01 
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1 7 . 4 . OUTPUT EDITING: INTEGRATION EDIT OUTPUT 

A l l of the e d i t q u a n t i t i e s d e s c r i b e d i n t h i s s e c t i o n a r e i n t e g r a t e d o v e r 
e d i t s e t s p a c e and t h e n p r i n t e d b y e d i t s e t and p l a n e g r o u p i n g . Any l i n e o f 
o u t p u t which c o n t a i n s I d e n t i c a l l y z e r o d a t a Is n o t p r i n t e d . In a d d i t i o n , t h e 
a v e r a g e power and the a v e r a g e f l u x by group may be p r i n t e d b y e d i t s e t and a x i a l 
e d i t . In t h i s e d i t form, any e d i t s e t w h i c h c o n t a i n s I d e n t i c a l l y z e r o d a t a i s 
n o t p r i n t e d . I f the c a l c u l a t i o n o f any q u a n t i t y d e s c r i b e d i n t h i s s e c t i o n would 
i n v o l v e a d i v i s i o n b y z e r o , t h a t d i v i s i o n i s n o t done and the r e s u l t i s s e t to 

A f t e r the s p a t i a l c a l c u l a t i o n , a s i n g l e l i n e c o n t a i n i n g FNORH, PNORH, and 
the POWER VOLUHE i s p r i n t e d . These v a l u e s are d e f i n e d b y E q u a t i o n s 1 7 . 4 . 1 -
1 7 . 4 . 3 w i t h the i n t e g r a l s t a k e n o n l y o v e r the f u e l e d p o r t i o n of the prob lem. 
The f u e l e d p o r t i o n of the p r o b l e m i s d e f i n e d to be t h a t volume made up o f g r o s s 
b l o c k s f o r w h i c h kappa s igma f i s s i o n i s n o n - z e r o in some g r o u p . I f the 
denominator i s z e r o i n E q u a t i o n 1 7 . 4 . 2 , PNORH i s s e t e q u a l to 1 . 0 f o r t h i s e d i t . 
If a power l e v e l i s n o t s u p p l i e d i n the input ( i . e . i f the problem i s n o t 
d e p l e t a b l e ) , FNORM i s s e t e q u a l to PNORH. I f the denominator i s z e r o i n 
E q u a t i o n 1 7 . 4 . 1 or i f FNORH i s z e r o , FNORH Is s e t e q u a l to PNORH f o r t h i s e d i t . 

The f i r s t s e t o f i n t e g r a t i o n e d i t s i n c l u d e s the volume and the i n t e g r a t e d 
and a v e r a g e d f l u x f o r e a c h g r o u p . The i n t e g r a t e d and a v e r a g e d t o t a l thermal 

The s e c o n d s e t o f i n t e g r a t i o n e d i t s c o n s i s t s of the t o t a l power c o n t r i b u t e d 
b y the r e g i o n b e i n g i n t e g r a t e d t o g e t h e r w i t h the r e l a t i v e power d e n s i t y , w h i c h 
i s the f r a c t i o n of the t o t a l power c o n t r i b u t e d by the r e g i o n d i v i d e d by the 
f r a c t i o n o f the f u e l volume p r e s e n t i n the e d i t s e t ( I . e . the denominator i s 
the e d i t s e t volume d i v i d e d b y the t o t a l f u e l v o l u m e ) . The f r a c t i o n o f the e d i t 
s e t power c o n t r i b u t e d b y L c h g^oup I s a l s o e d i t e d , a s i s the t o t a l thermal 
f r a c t i o n i n a t w o - t h e r m a l - g r o u p prob lem. 

The t h i r d s e t o f I n t e g r a t i o n e d i t s c o n s i s t s of the f r a c t i o n of the t o t a l 
a b s o r p t i o n c o n t r i b u t e d by the r e g i o n b e i n g i n t e g r a t e d t o g e t h e r w i t h the f r a c t i o n 
o f the t o t a l a b s o r p t i o n and the f r a c t i o n of the r e g i o n a b s o r p t i o n c o n t r i b u t e d by 
e a c h g r o u p . In a t w o - t h e r m a l - g r o u p problem t h e s e f r a c t i o n s are a l s o e d i t e d f o r 
the t o t a l thermal a b s o r p t i o n . 

The f o u r t h s e t o f i n t e g r a t i o n e d i t s c o n s i s t s o f the group - independent 
b u c k l i n g , K - i n f i n i t y by group and the sum o v e r g r o u p s , and K - e f f e c t l v e b y group 
and the sum o v e r g r o u p s . The group - independent b u c k l i n g i s o b t a i n e d by 
e l i m i n a t i n g the f l u x and s o l v i n g f o r B**2 i n the s e t o f E q u a t i o n s 1 7 . 4 . 4 u s i n g 
the d e f i n i t i o n s In E q u a t i o n s 1 7 . 4 . 5 - 1 7 . 4 . 6 . In p a r t i c u l a r . E q u a t i o n 1 7 . 4 . 6 
g i v e s the d e f i n i t i o n o f the f l u x - w e i g h t e d a v e r a g e v a l u e f o r any m a c r o s c o p i c 
p a r a m e t e r . S u c h p a r a m e t e r s a r e the b a s i c i n t e g r a t e d d a t a used f o r I I l 
c a l c u l a t e d q u a n t i t i e s e d i t e d In t h i s s e c t i o n . If t h e r e are two thermal g r o u p s , 

i^ ls:Lini:LE'»s;irii'.jqia^iin:*'^^?!!^^'^ ^rjiiTtiiiVoi irii^.Vis-'is 
contrlbut ion^of group^gijon^the^^total^^cr^ 

the ^ o u p - dependent aAd g?oup - independent b u c k l l i g a l l require knowledge of 
the s f ^ c e in tegra l? S l S c e ^ t e l n t e g r a l o f t L i n p u t ^ o u r c e i s no a ^ U a b f e in 
f i x e d - ^ ^ c e proble i^ t t o s e c^ IcSlaf Ions are bypassed In such p r o b l e ^ Except 
for t h f ^ o n n - dep^dent buckOn^ t h ^ ^ c a l c u l a t i o n s are a^.o b^asS^d In aSv 
reg ion i S ^ ^ i c h the s o ^ c e integ^f 1 i™^^^®**"**""*'*■ * ' * ****' bypassed in any 

The f i f t h and f i n a l s e t of in t egra t ion e d i t s c o n s i s t s of the f lux -
weighted macroscopic parameters. In a l l but a pair of thermal groups the 
q u a n t i t i e s ed i t ed are theses l i s t e d In 17 .4 .13 - 17 .4 .14 us ing the d e f i n i t i o n In 
Equation 17 .4 .15 . In a f],xed source problem, the e d i t of nu sigma f i s s i o n i s 
replaced by Equation 17.4.16.^ The q u a n t i t i e s edi ted In the f i r s t group of a 
thermal pair are l i s t e d in 17 .4 .17 and in the second group of a thermal pair the, 

j r ^ s j " n « ' 4 r t i '':;^iii-if iinail;Jii?ed^irEeq^fioC-^!J!^3i= ri-̂ J!*^ W o S * ; 
!ts^lt:s:oi.-iJ^Jrp*L%fTq;i?io-^7f:n9 t h m - ^ - — - b- - - i -
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17.8. OUTPUT EDITING: ISOTOPIC EDIT OUTPUT 

This sect ion contains a descr ip t ion of the nuclide data edited over 
integrat ion volumes consis t ing of edi t se t s with plane groupings and axia l 
e d i t s . Heshwise and blockwlse nuclide ed i t ing is described in Sections 17.7 and 
17.8. All of the ed i t ing described In th is sect ion is performed In the 
depletion segment of the program and is performed only if that segment Is 
executed; i t Is not performed If the depletion path specified is the no -
deplete path. 

Depletion edi t ing is preceded by a descr ip t ion of the deplet ion performed. 
This includes the time a t the beginning and end of the deplet ion in te rva l , the 
power level , the thermal flux renormallzation in te rva l , and the number of such 
In terva ls . The sub interval length for cross sect ion and chain re-evaluat ion and 
the number of subintervals is given for each composition. In addi t ion. If fine 
blocking is being done, the nuclides to be fine block depleted are edi ted . 

Defined col lec t ions of nuclide react ion ra t e s and concentrations as well as 
combinations of constants and col lec t ions are edited by value - name pa i r s . 
This data Is always integrated over a l l problem space and is computed a t the 
beginning of the depletion in te rva l . 

Power f ract ions , absorption r a t e s , and f iss ion ra t e s are edited at the 
beginning of the depletion In terval . Values are edited by group and summed over 
groups for each nuclide requested. The power fract ion in group g for nuclide i 
is given by Equation 17.5.1 where the sum over J represents a sum over ONLY 
those nuclides J for which a power fract ion edi t was requested. 

Similarly, the absorption r a t e s are given by Equation 17.5.2 and the 
f iss ion ra t e s are given by Equation 17.5.3 i^ere the flux used in these 
integrals is normalized by FNORH (Equation 17.4.1) . If the depletion time 
Interval is zero and FNORH is zero, then FNORH = 1.0 is used so that nonzero 
react ion ra te ed i t s may be obtained. 

In a two - thermal - group problem, the epithermal and thermal group 
absorption cross sect ions used are those shown in Equations 17.5.4. 

Average nuclide concentrations and loadings are edited a t the end of the 
depletion Interval for each nuclide requested. The average concentration for 
nuclide 1 is given by Equation 17.5.8. Loadlngs In kilograms may also be 
edi ted. The loading for nuclide 1 Is given by Equation 17.5.6 where A is the 
Avogadro constant and W is the atomic weight of the nucl ide. 

Lines of data wdilch are iden t i ca l ly zero are not pr in ted . Since nuclide 
concentrations and loading data are printed in columnar form, an en t i re column 
of zero values Is also not printed for that type of data . 
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1 7 . 6 . OUTPUT EDITING: POINTWISE OUTPUT 

B e f o r e e d i t i n g , p o i n t w i s e f l u x v a l u e s a r e n o r m a l i z e d b y FNORH ( E q u a t i o n 
1 7 . 4 . 1 ) and p o i n t w i s e and p a r t i t i o n power v a l u e s a r e n o r m a l i z e d by PNOHM 
( E q u a t i o n 1 7 . 4 . 2 ) . F l n z v a l u e s a r e p r i n t e d i n f l o a t i n g - p o i n t format w i t h a 
s i x - d i g i t f r a c t i o n . Power v a l u e s a r e a l s o p r i n t e d i n t h i s format u n l e s s a 
r e l a t i v e maximum e d i t i s r e q u e s t e d . In t h i s c a s e a l l p o i n t w i s e power e d i t i n g i s 
done u s i n g t h e f i x e d - p o i n t format x . x x w h i c h p r o v i d e s a h i g h e r d e n s i t y o f 

ioin?r*^i"su^p^i:Jer!r*un!:; ti: fntw.'^^.iTo^Tr .z'^sh^t "''•' - '''^l 
A p a r t i t i o n power value i s c a l c u l a t e d for each mesh f igure at a point us ing 

the GROSS BL0(3C f i s s i o n cross s e c t i o n (kappa sigma f i s s i o n ) values for the mesh 
f igure and the group f lux values at the p o i n t . P a r t i t i o n power i s ed i ted on ly 
for those p o i n t s a t which any two nonzero values d i f f e r by more than 5». 
Pointwise average power i s c a l c u l a t e d as the numerical average of the nonzero 
p a r t i t i o n power va lues at a point and pointwise peak power i s the larges t of 
these va lues . 

A r e l a t i v e maximum e d i t may be obtained in conjunct ion wi th e i t h e r 
pointwise average or pointwise peak power. A point i s considered a r e l a t i v e 
maximum if i t s power value exceeds the va lues at a l l of i t s p o s s i b l e neighbors , 
where neighbors are determined in the d i f f e r e n c e equation sense ( s e e S e c t i o n 
2 . 4 ) . The e d i t i s performed by p r i n t i n g the pointwise values a second time, 
with the power s e t to zero at each point for which the power i s nonzero but i s 
not a r e l a t i v e maximum and blank e l sewhere . 
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1 7 . 7 . OUTPUT EDITING: HESHWISE OUTPUT 

The a v e r a g e power and a l l n u c l i d e c o n c e n t r a t i o n s e x i s t f o r e a c h g r o s s b l o c k 
i n the problem; i f the p r o b l e m i n c l u d e s f i n e b l o c k i n g , the power and a s u b s e t 
o f the c o n c e n t r a t i o n s e x i s t f o r e a c h f i n e b l o c k . Any o f t h i s d a t a may be e d i t e d 
f o r e a c h mesh e l e m e n t I n non - q u a d r i l a t e r a l g e o m e t r y p r o b l e m s . S i n c e , In 
g e n e r a l , a b l o c k i s l a r g e r than a s i n g l e mesh e l e m e n t , t h i s e d i t smears the d a t a 
In to the a p p r o p r i a t e mesh e l e m e n t s s o t h a t the d a t a can be p r i n t e d i n a r e g u l a r 

?^r-^ri^'n:ionS^rroSreJ:%'^ii;rr?;p:Tfsm:ih"':St!dits and, in *̂ ^ ^^'^s^ -̂ f 
The f i r s t type of mesh e d i t s imply pr in t s a value for each mesh element. 

In hexagonal geometry, there are two tr iangular mesh elements for each s e t of 
point columns and these t r i a n g l e s are or iented in a f ixed pattern for the 
port ion of the chevron to the l e f t of the main diagonal and a d i f f e r e n t but 
aga in f ixed pat tern to the r i g h t of the main diagonal . The pr in t ing of the 
4 l . . . 1 . lft.., .0 . b o . ,l£ . p w . p r l . . . . r l . w ! . l . r « . h . I . L « l . r f . « t . t i . . . 

Another type of mesh e d i t , c a l l e d a d i s p l a y e d i t , i s very compact s ince i t 
does not pr int a value for each mesh element but Instead pr in t s a s i n g l e 
character for each mesh element. This character represents a "range" of values 
between a maximum and minimum. A table i s included with each item ed i ted g i v i n g 
the characters and the a s s o c i a t e d ranges . Each item ed i ted may be ed i ted over a 
separate e d i t reg ion . 

A third type of e d i t i s a v a i l a b l e for one - dimensional problems. The 
q u a n t i t i e s may be pr in ter - p l o t t e d as wel l as pr in ted . This data i s printed in 
columnar form. 
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17 .8 . OUTPUT EDITING: BLOCKVISE OUTPUT 

The average power and a l l nucl ide concentrat ions e x i s t for each gross b lock 
in the problem; i f the problem includes f ine b locking , the power and a subset 
of the concentrat ions e x i s t for each f ine b lock. This block data may be ed i t ed 
d i r e c t l y . Such an e d i t i s much more compact than a mesh e d i t s ince there i s no 
expansion of the data over a l l mesh elements a s s o c i a t e d with a block and there 
i s no imposed mesh grid s t r u c t u r e . However, s i n c e block i d e n t i f i c a t i o n by block 
number i s d i f f i c u l t to decipher, t h i s type of e d i t u t i l i z e s a user def ined 

i d e n t i f y the data of i n t e r e s t . 

These types of e d i t are c a l l e d HIERABGHICAL e d i t s because the user de f ines 
an ordered s e t of s t r u c t u r e s and th i s s e t represents a hierarchy of l e v e l s of 
s t r u c t u r e s . The user c r e a t e s t h i s s t ruc ture by de f in ing d i s j o i n t f i e l d s in the 
e x i s t i n s geometry l a b e l s ( f i n a l f igure and planar reg ion or channel and t r a c k ) . 
Each f i e l d i s defined as a s e t of contiguous decimal d i g i t s in the geometry 
l a b e l s . A name i s ass igned to each s e t of d i g i t s ; that i s , to each f i e l d . 

of the data pr in ted . To s e l e c t an e d i t , a p a r t i c u l a r value of each f i e l d Is 
s e l e c t e d , from the f i r s t (h ighes t ) l e v e l down to the l a s t s p e c i f i c l e v e l 
des i red . The program w i l l then obta in the data a s s o c i a t e d with the s p e c i f i e d 
f i e l d values and pr int ALL sub- s t ruc tures Included. 

For example, the user might def ine three f i e l d s in a channel label and name 
these f i e l d s "CLUSTER", "SUB-ASSEHB", and "ELEMENT''; the e n t i r e track label 
might be named "TRACK*. These four labe l s might represent s t ruc tures c a l l e d 
c l u s t e r , sub-assembly, e lement, and track r e s p e c t i v e l y . Then an e d i t request 
might be to pr iut data for a par t i cu lar quant i ty such as f ine block power, say , 
for c l u s t e r 17. The program would then find c l u s t e r 17 and pr int a l l f ine block 
power data in that c l u s t e r , iden t i fy ing the various p i ece s wi th appropriate 
labe l s "SUB-ASSEMB" number, "ELEMENT" number, and "TRACK" number. Al l 
sub-assemblies in c l u s t e r 17 would be pr inted in numerical order, a l l elements 
in each sub-assembly would be printed i n numerical order, and a l l tracks in each 
element would be pr inted in numerical order. Further, in t h i s same example, 
perhaps only data for sub-assembly 23 in c l u s t e r 8 i s des i red . The program 
would then scan the data for sub-assembly 23 in c l u s t e r 8 and pr int a l l data in 

igLW^^-^^is:; liesiL'ri^fltJ^deiirrd f^r^Lr^^^^taTisr^air '^fii^'iw 
"TRACKS" in numerical order. 

ttnltiple h i e r a r c h i e s may be defined in the same problem. In the example 
g iven , the order of the d e f i n i t i o n s of "SUB-ASSEMB" and "CLUSTER" might be 
Interchanged, wi th the r e s u l t that these two f i e l d s would be interchanged in the 
hierarchy. This would then a l low, for example, the s p e c i f i c a t i o n of 
sub-assembly 14 and the program would pr int the r e s u l t s for every c l u s t e r vdilch 
contained sub-assembly 14 In numerical order of c l u s t e r , then for each such 
c l u s t e r , would pr int the r e s u l t s for each element in numerical order of e lement, 
and f i n a l l y for each such element would pr int the r e s u l t s for each track in 
numerical order of track. 

For each quant i ty e d i t e d , the maximum and minimum values and t h e i r 
"location" ( g i v e n by def ined labe l s as noted prev ious ly ) are pr in ted . In the 
•can for maximum and minimum v a l u e s , zero va lues are ignored. An opt ion e x i s t s 
to scan a def ined s t ruc ture and print o n l y such maximum and minimum values and 
th e i r l o c a t i o n . 

Of course , t h i s e d i t system depends on the user to include some s t ruc ture 
In the various geometry l a b e l s . In the example, d i g i t s 3 and 4 in a channel 
label might always represent the c l u s t e r number; d i g i t s 6 and 7 might always 
represent the sub-assembly number; d i g i t 1 might always represent the element 
number. For such a s t r u c t u r e , element 3 in sub-assembly 19 in c l u s t e r 12 would 
have a channel label of 1901203. The track label in t h i s exaii«>le contained o n l y 
a s i n g l e f i e l d so It could conta in track numbers in any order convenient for 
proper i d e n t i f i c a t i o n of r e s u l t s . 
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BLOCKWISE OUTPUT 

In t h e s e e d i t s , s u b - s t r u c t u r e s w h i c h c o n t a i n n o t h i n g b u t z e r o d a t a v a l u e s 
a r e n o t p r i n t e d . At t h e l o w e s t l e v e l , d a t a v a l u e s a r e p r i n t e d a c r o s s a l i n e and 
l e a d i n g z e r o v a l u e s a r e s k i p p e d . 

The l a b e l s u s e d i n i d e n t i f y i n g t h e o u t p u t a r e a b b r e v i a t e d t o t h e f i r s t n 
c h a r a c t e r s o f t h e i n p u t l a b l e s where n i s t h e number o f d i g i t s i n t h e f i e l d . 
The d a t a v a l u e s may be o p t i o n a l l y p r i n t e d i n a v e r y c o m p a c t f i x e d p o i n t fo rm 
x , x x o r i n a more g e n e r a l f l o a t i n g p o i n t fo rm. The f o l l o w i n g e x a m p l e s h o w s - t h e 
g e n e r a l fo rm o f t h i s t y p e of o u t p u t f o r a q u a n t i t y whose s t r u c t u r e i s g i v e n b y 
t h e s a m p l e names and f i e l d w i d t h s a s d e s c r i b e d p r e v i o u s l y . The d a t a v a l u e s In 
t h i s e x a m p l e a r e i n t h e f i x e d p o i n t f o r m a t . The example r e p r e s e n t s a l l of t h e 
f i n e b l o c k power d a t a i n s u b - a s s e m b l y 2 3 w i t h i n c l u s t e r 8 o r d e r e d b y e l e m e n t and 
t h e n b y t r a c k . 

E TRA 
1 1. . 
2 6 . . 

4 I..: 

FINE BLOCK POVER 
CLUSTER 8/ SUB-ASSEMB 23/ 
ELEMENT E/ TRACK TRA/ 
1.05 .91 .81 .81 .89 
1.07 .89 .78 .79 .91 
1.03 .98 .87 .76 
1.05 1.01 .95 1.08 1.24 

,94 .98 ,94 .85 

1.41 1.37 

MINIMUM 

E TRA 
3 10. 

FINE BLOCK POWER 
CLUSTER 8/ SUB-ASSEMB 23/ 
ELEMENT E/ TRACK TRA/ 
.76 

MAXIMUM FINE BLOCK POWER 
CLUSTHER 8/ SUB-ASSEMB 23/ 
ELEMENT E/ TRACK TRA/ 

E TRA 
4 9... 1.41 



FDO-8 REFERENCE MANUAL 17.9 (5/78) Page 1 
17. OUTPUT EDITING 9. CONTROL SEARCH OUTPUT 

17.9. OUTPUT EDITING: CONTROL SEARCH OUTPUT 
The program output during a control search consists of one set of results 

for each search "try"; that is, one set of results for each spatial 
calculation. The type of results obtained depend on which one of four different 
control searches is being performed* (1) one - dimensional multi -
configuration search; (2) poison search; (3) two - dimensional or three -
dioiensional movable fuel or control rod search; and (4) three - dimensional 
synthesis fast rod search. 

In the first type of control search (one - dimensional multi -
configuration search), the following items are printed for each search try. 

(a) Number of outer iterations, eigenvalue, reactivity (percentage), and 
dominance. 

(b) Current configuration number. 
(c) Point number. 
(d) Height (Inches). 
! n i£an*'h^1ghtno?.calculated worth. 

In a d d i t i o n , some warning comments may appear. If the des ired e igenvalue i s not 
obta inable , or i f a change in p o s i t i o n or conf igurat ion produces an i n c o n s i s t e n t 
r e a c t i v i t y change, these f a c t s are pr inted . Items (c) through ( f ) do not appear 
If the current conf igura t ion has no s p e c i f i e d movable boundary. Otherwise, item 
<e) i s the movable boundary nearest the bottom of the core where bottom Is 
o p t i o n a l I y point zero or the l a s t point in the problem; item (d) Is the 
41ntance ( i n inches) of the point (descr ibed above, item ( c ) ) from a s p e c i f i e d 
reference p o i n t . Items (e ) and ( f ) are not pr inted for the f i r s t t ry in a g iven 
eenfIgurat ion , but ( e ) represent s the change in e igenvalue (per inch) due to a 

r:Ld^n^^beTforTL^s'Td^^^7;t%tpL^Lifs"^?rte!gh?•^?d^^^ 
::rv̂ rg:i:%hr̂ *itTon :iv.-.. t^^i^nir^i.^^nz^y^^ i^^ ^: 
the current conf igurat ion i s printed with movable boundaries ( i f any) indicated 
by a negat ive composit ion number. 

In the second type of contro l search (po ison s e a r c h ) , the fo l lowing items 
are printed for each search try . 

(g) Number of outer i t e r a t i o n s , e i genva lue , r e a c t i v i t y (percentage ) , and 

(h) C ^ r ^ r f r a c t i o n va lue . 

I t e a ( i ) , the worth of the contro l element, represents the change In e igenvalue 

try. 
(k) Number of outer i t e r a t i o n s , e igenva lue , r e a c t i v i t y (percentage ) , and 

(1) C ^ r ^ r c i n t r o l posit ion, 

B Hd?tH^ln^iii!nt:Ue:eJli^ i"-"̂ ^ "̂ ^ '̂ '̂̂ "e'*, 
{ T . : " i : i r ' m : v r - g ^ T : i X l d T p ' ' J o r " f L : r g e n ; e S^oth^r-^elbaci:^!l th^d^^iriJ 
r e n c t i v i t y cannot be obtained; the maximum number of search t r i e s has been 
• snented; when sieeh spec Ings have become "too small" during f ine mesh moving; 
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In the f o u r t h type o f c o n t r o l ( t h r e e - d i m e n s i o n a l s y n t h e s i s f a s t rod 
s e a r c h ) , the i t ems e d i t e d a r e e x a c t l y t h o s e d e s c r i b e d f o r the t h i r d type above 
w i t h f i n e mesh moy^ing ( two - d i m e n s i o n a l movable f u e l or c o n t r o l rod s e a r c h ) 
w i t h a few a d d i t i o n a l comments . These a d d i t i o n a l comments a r e warning^ o f 
u n u s u a l c o n d i t i o n s and i n c l u d e the f a c t t h a t e x a c t ( f i n e mesh) moving cannot 
take p l a c e b e c a u s e t h e r e a r e no " f r e e " mesh p o i n t s i n t e r i o r to a b l o c k p l a n e , 
and the f a c t t h a t a z o n e boundary h a s been moved i n o r d e r t o a l l o w a p a r t i c u l a r 
f i n e mesh move. 
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1 7 . 1 0 . OUTPUT EDITING: THERMAL FEEDBACK OUTPUT 

At the end o f the c a l c u l a t i o n o f f u e l and moderator t e m p e r a t u r e s and 
moderator d e n s i t y d u r i n g e a c h f e e d b a c k t r y , t h e maximum r e l a t i v e e r r o r o f the 
c o n v e r g e n c e p a r a m e t e r i s e d i t e d . A l s o the t o t a l f l o w i s e d i t e d a t t h e end o f 
the f i r s t f e e d b a c k t r y . The maximum o f the e r r o r Is t a k e n over e v e r y g r o s s 
b l o c k . The d e f i n i t i o n o f the e r r o r o f the c o n v e r g e n c e parameter i s t h e r e l a t i v e 
change in the parameter from the p r e v i o u s f e e d b a c k t r y . T h i s parameter i s n o t 
the c o n c e n t r a t i o n r e p r e s e n t a t i o n o f the t e m p e r a t u r e s or d e n s i t y , but i s d e f i n e d 
a s f o l l o w s : 

(1) For fuel temperature, the square root of the c a l c u l a t e d fue l 
temperature ( i n degrees Raukine) i s t e s t e d ; 

(2) For moderator temperature, the c a l c u l a t e d moderator temperature ( i n 
degrees Fahrenheit) Is t e s t e d ; and 

(3) For moderator d e n s i t y , the c a l c u l a t e d hydrogen number d e n s i t y i s 

If e d i t i n g i s requested for th i s feedback c a l c u l a t i o n , i t i s done for every 
feedback try . The e d i t "l imit ing" a s s o c i a t e d ^ i t h the average concentrat ion 
e d i t s as wel l as the a x i a l e d i t l i m i t a t i o n s are appl i cab le to t h i s feedback 
e d i t i n g ( s e e card 011000 in S e c t i o n 1 2 . 2 ) . 

The pseudo nucl ide concentrat ions represent ing thermal feedback 
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EttDATIONS 17.10.1 

Tuel temperature 
(deg. P) JVj^dv 

Moderator temperature 
(d«g. F) 

Moderator density . 
(fractional change) 

- ̂ -° d\ 

J dv 
17.10.1 

Vapor 
(voluM fraction) 

■f« ̂ C ̂^ 

• c 

Heat flux 
(Hiu/hour - ft^) J A^ dv 

■ 
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1 7 . 1 1 . OUTPUT EDITING: XENON FEEDBACK OUTPUT 

At t h e end of t h e c a l c u l a t i o n o f e q u i l i b r i u m c o n c e n t r a t i o n s o f i o d i n e and 
x e n o n d u r i n g e a c h f e e d b a c k t r y , t h e maximum r e l a t i v e e r r o r o f t h e x e n o n i s 
p r i n t e d . T h i s e r r o r i s d e f i n e d to be t h e r e l a t i v e c h a n g e i n c o n c e n t r a t i o n f rom 
t h e p r e v i o u s f e e d b a c k t r y w i t h t h e maximum t a k e n o v e r e v e r y g r o s s b l o c k 
c o n t a i n i n g t h e s e i s o t o p e s . 

Under i n p u t o p t i o n , i n t e g r a t i o n s a r e p e r f o r m e d t o o b t a i n vo lume w e i g h t e d 
a v e r a g e s f o r t h e e q u i l i b r i u m c o n c e n t r a t i o n s o f i o d i n e and x e n o n . T h e s e two 
c o n c e n t r a t i o n s a s w e l l a s t h e volume a r e t h e n p r i n t e d f o r e a c h e d i t s e t b y p l a n e 
g r o u p i n g and a x i a l e d i t . 

I f e d i t i n g i s r e q u e s t e d f o r t h i s f e e d b a c k c a l c u l a t i o n , i t i s done f o r e v e r y 
f e e d b a c k t r y . The e d i t " l i m i t i n g " a s s o c i a t e d w i t h t h e a v e r a g e c o n c e n t r a t i o n 
e d i t s a s w e l l a s t h e a x i a l e d i t l i m i t a t i o n s a r e a p p l i c a b l e t o t h i s f e e d b a c k 
e d i t i n g ( s e e c a r d 0 1 1 0 0 0 i n S e c t i o n 1 2 . 2 ) . 
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COMPUTER PROGRAM ABSTRACT 
1. Program Name and Title: 

PDQr8 ... A One, Two, and Three Dimensional Neutron Diffusion - Depletion 
Program. 

2 . Computer and Languagees): 

CDC-6600 / CDC-7600, FORTRAN. COMPASS equiva lents of a few key subroutines 
are Included. 

3 . Problem Solved: 

The PDft-8 program (Reference a) i s designed to so lve the neutron d i f f u s i o n -
d e p l e t i o n problem in one, two, or three dimensions on the CDC-6600 rnrnH 
CDC-7600 computers. Very large problems can be accommodated. The three 
dimensional s p a t i a l c a l c u l a t i o n may be e i t h e r e x p l i c i t or discontInuonn 
t r i a l funct ion s y n t h e s i s . Up to f ive lethargy groups are permitted. Tlie 
fa s t group treatment may be s i m p l i f i e d P ( 3 ) , and the thermal neutrons may be 
represented by a s i n g l e group or a pair of overlapping groups. Adjoint , 

iLTni c^?c^i;tioLi^rbrp;rij;i:ir^ ?ie^1r^^?^r;iiis:^?^j'^tim^"'d^p:sJ:iT 
representa t ion of c L s s S e c t i o n v a r i a t l L fnd genera l ized d e ^ e t i o S c t o T i 
iiX'.ir^s'^^inv'': i\ni biot4"d:i!e-tf:r?or'*i%tec?i?iriXerof ?L* 
sphi i l t i : i , S x a g f : : r * ' a n d r ^ r J * % e i e r i f % u a d r f l X i a ? ge^^l^t ' i^tJh 
iLlil^l 'ornVrlrii^rtLLgeir^^Tl ''ii^e^^i^Si^e'^anJ ien^i^efIrac^^ki'*:?; 

4 . Method of S o l u t i o n : 

For the e x p l i c i t s p a t i a l s o l u t i o n , d i f f erence equations are obtained at each 
point by i n t e g r a t i n g the d i f f e r e n t i a l equations over an appropriate mesh 
element. The r e s u l t i n g equations are three -po in t , f i v e - p o i n t , s e v e n - p o i n t . 

d?iens?^na7''^;i:gonarannhrJrSi::S;ioi:^ itT^Tr^Zl, r rw : - " fTi :^ lo^ 
s ^ l t e r r i r n ! l y " s % n * ^ L s ' : ^ S l i : ? t i n ^ H S r l i m e n s ^ n r S ^ eT.^'lT TS 
s i n g l e - l i n e cyTl ic c L b y s h e v s e m i - i t e r a t i v e method in two'dimTnsions. and*K 

^ %^u?:es*?! ira l o L s u a r r s a l ^ e l ^ a t e i ' ^ y ' ^ e ' ^ f ^ ' S L b ^ s i S ^ ' L i r ^ ^ ^ 
appl ied to the group f l u x e s . The s y n t h e s i s L l u t i o n u t i l i z e s the ^ x i a l l y 
d iscont inuous t r i a l funct ion formulation and s o l v e s the i t e r a t i v e problem by 
use of the Weilandt method. The feedback c a n a b i l i t i e s are imolemented bv util izinr a sStelT of time-dependent c?oss section andT g^eralizeJ 
d e p l e t i o n c h a i n s . 

5 . R e s t r i c t i o n s on the Complexity of the Problem: 

The t o t a l number of groups Is l imited to f i v e , although s i x equations may be 

lllriL iLetnmi?i^Le''?mp:Ld!'' H:::t;r,*ii r g i r a l M r ^ i L ' ^ r ^ L c l " } 
groups and po int s in an e x p l i c i t s o l u t i o n i s l imited to roughly ten m i l l i o n 

J:;a*itti'^i^!rti:^l^f t:iir;hir?7mui?:^:ui n i t f tii'̂ p:̂ ^̂ ^ 
i^.Zt''\r%L''ro'^.rrn^tr : f g^J^s^s^L^^r^hi Jziy:r isT^o^i: 
^te-l6S^'ts•=^ruJtrni*?ii?i^TtrsJ:'^er!iS;?;It;^. *•" -̂̂ -̂'̂ "'̂  ^' ***• 

6. Re la t ionsh ip to Other Programs: 

Cross s e c t i o n s ( " t a b l e s e t s * ) may be input on cards and/or may be obtained 
from a F i l e Manager (Reference b) input f i l e . Input card data may be merged 
with card data from one or more F i l e Manager input f i l e s . The program v i l l 
a l s o accept input F i l e ^l^nager f i l e , conta in ing po intwl .e f lux , b lock 

g::^?rr f iS^efT'X-^^qiin^ fiTpr^^a!^:!!/pr:^arisFiTf «a"s:ie ":i?;:{ 
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files containing pointwise flux, block concentrations, partition power, 
various edit integrals, geometry, gross block power, block flux, synthesis 
mixing coefficients, synthesis integrals, fine block power, and 
quadrilateral geometry figures. 

7. Typical Running Time: 
The program can so lve two dimensional problems a t the ra te of about one 
m i l l i o n group-poInts per hour and three dimensional problems at the rate of 
about one-half to three-quarters of a m i l l i o n group-points per hour. These 
r a t e s are for the CDC-7600; the CDC-6600 i s about o n e - f i f t h the speed of 
the CDC-7600. The s y n t h e s i s s p a t i a l s o l u t i o n time i s dependent on the 
number of t r i a l funct ions used and the number of gross b locks . The ac tua l 

5S^''J^the"«L'^f ^ n t r o l ' ' : i l r c t e s t o r t ? L d b a ^ r o r d u r i o o f h e * ^ o « J 1 e l ^ 
the d e p l e t i o n formulat ion. 

8 . References: 

(a) C. J. P f e i f e r , C. J. S p i t z , TDtt-S Reference Ifanual", WAPD-TM-1266 
(1978) . 

(b) W. R. Gadweel, Edi tor , "Reference Manual - Bett i s Programming 
Environment", WAPD-TM-1181 (1974) . 

(c ) L. L. Lynn, "A D i g i t a l Computer Program for Nuclear Reactor Design Water 
Propert ies" , WAPD-TM-680 ( 1 9 6 7 ) . 

9 . Dnnsual Features of the Program! 

Except for the group f l u x s p a t i a l c a l c u l a t i o n , both e x p l i c i t and s y n t h e s i s 
s o l u t i o n s u t i l i z e the same input, c a l c u l a t l o n a l , and e d i t port ions of the 
program so that c o n s i s t e n t comparisons of the two methods can be e a s i l y 

10. S ta tus : 

In production u s e . 

11. Ifachine Requirements: 

The central memory size should be at least 65K, the program will utilize up 
to 10O0K of extended core memory, and will utilize up to four disks 
transferring in parallel. 

12. Operating System: 

SCOPE 3 . 3 (CDC-6600) / SCOPE 1,1 (CDC-7600) 

13. Other Programming, R e s t r i c t i o n s , or Operating Information: 

The required software environment Is descr ibed In Reference b . It inc lndes 
rout ines for program loading, f r e e - f i e Id input convers ion and p r o c e s s i n g , 
s torage and r e t r i e v a l of "permanent" F i l e Kinager f i l e s . s c r a t c h 

*?SSii^^I?r;ith-*rheTjob::^1^:UST;g :fher^iS^4^;bs.^iie fi^FllelSlagrr 
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APPENDIX B: PROGRAMMING DETAILS 

T h i s s e c t i o n i s p r i m a r i l y i n t e n d e d a s a g u i d e f o r main tenance or 
i m p l e m e n t a t i o n o f the program by the c o g n i s a n t programmer. The hardware and 
s o f t w a r e env i ronment i s d e s c r i b e d i n R e f e r e n c e 1. D e s c r i p t i o n s o f a l l 
e n v i r o n m e n t a l s u b r o u t i n e s ment ioned b e l o w are found In t h a t r e f e r e n c e . 

The p a r t i c u l a r i m p l e m e n t a t i o n o f the program d e s c r i b e d i n t h i s s e c t i o n i s 
on a CDC-7600 u s i n g the SCOPE 1.1 o p e r a t i n g s y s t e m and on a CDC-6600 u s i n g the 
SCOPE 3 . 3 o p e r a t i n g s y s t e m . 

Programming Language 

The program i s w r i t t e n a l m o s t e n t i r e l y i n FORTRAN and an a t t e m p t has b e e n 
made to adhere to the ANSI d e f i n i t i o n o f s t a n d a r d FORTRAN. The e x c e p t i o n s to 
t h i s i n c l u d e a few o c c u r e n c e s o f ENCODE/DECODE binary-BCD c o n v e r s i o n s t a t e m e n t s , 
a few masking AND/OR s t a t e m e n t s , and a few o c t a l c o n s t a n t s . A l s o n o n - s t a n d a r d 

S i n g l e p r e c i s i o n r e a l v a r i a b l e s are used throughout the program. On b o t h 
the CDC-7600 and CDC-6600 e a c h r e a l v a r i a b l e o c c u p i e s one f l o a t i n g - p o i n t format 

B i t m a n i p u l a t i o n i s performed v i a the e n v i r o n m e n t a l r o u t i n e s PACK and 
UNPACK. PACK s t o r e s s e v e r a l p o s i t i v e i n t e g e r d a t a i tems i n t o a s i n g l e 6 0 - b i t 
word a c c o r d i n g to a p r e s c r t b e d b i t p a t t e r n . UNPACK performs the r e v e r s e 
o p e r a t i o n . Groups of f l o a i n g g - p o i n t format words are compressed i n t o packed 
words ( two v a l u e s per word) v i a the u t i l i t y r o u t i n e SQOZ. The r e v e r s e o f t h i s 
o p e r a t i o n Is performed by UNSQOZ. SQOZ i s used o n l y to reduce the s i z e o f 
o u t p u t F i l e Manager f i l e s . 

A l t h o u g h FORTRAN i s p r e d o m i n a n t l y u s e d , the program a l s o I n c l u d e s s e v e r a l 
COMPASS language (CDC-6600/7600 Assembly Language) s u b r o u t i n e s . In g e n e r a l 
t h e s e r o u t i n e s a r e d e s i g n e d to i s s u e i n s t r u c t i o n s to the a r i t h m e t i c p r o c e s s o r i n 
an o p t i m a l f a s h i o n ( b a s e d on the t i m i n g r u l e s o f the CDC-7600) r e s u l t i n g i n 
e f f i c i e n t o p e r a t i o n for h e a v i l y used c o m p u t a t i o n a l l o o p s . L e s s e f f i c i e n t 
FORTRAN v e r s i o n s a r e p r o v i d e d f o r a l l but one o f t h e s e COMPASS s u b r o u t i n e s . The 

random a c c e s s s t o r a g e a l l o c a t i o n s u b r o u t i n e s GET and PUT b y i n s t e a d c a l l i n g 
r o u t i n e s TEG and TUP. GETPUT i s found i n the ( 0 , 0 ) o v e r l a y . 

The r e m a i n i n g COMPASS r o u t i n e s are a s f o l l o w s : 

MMOVER i n o v e r l a y ( 0 , 0 ) Is a s p e c i a l purpose s t o r a g e t r a n s f e r r o u t i n e . 
FINDER i n o v e r l a y ( 0 , 0 ) i s a s e a r c h used i n e d i t i n g . 
SCAN i n o v e r l a y ( 1 , 2 1 ) i s a s e a r c h used in d e f i n i n g f i n e b l o c k s . 
EXPGEO i n o v e r l a y ( 7 , 0 ) expands the h e x a g o n a l g e o m e t r y f i l e u s e d in 

s y n t h e s i s f l u x i n t e g r a t i o n s ; used to reduce the s i z e o f the 
g e o m e t r y f i l e b e i n g r e a d and thus r e d u c e I/O t i m e . 

MULTI i n o v e r l a y ( 7 , 0 ) i s a c o m p u t a t i o n a l l o o p used f o r the a c c u m u l a t i o n 
o f macro w e i g h t e d f l u x i n t e g r a l s i n the s y n t h e s i s c a l c u l a t i o n . 

CONVEC, SUMVEC, SUMPRD, PBDIFH, SCPLNG, HEXSUM, HXINT2, PRDIFT, PRDVEC, 
QUINTl, aUINT2, QUDSMl, ftUDSM2, UNPKR4, MULTtt. MULTN, COMBNtt, SUMSQ, 
PRDVCT, DIFVEC in o v e r l a y ( 7 , 1 ) a r e c o m p u t a t i o n a l l o o p s used in 
c a l c u l a t i n g s y n t h e s i s f l u x i n t e g r a l s . 

WCPLNG, WSUBST, WRESID, >m£LAX, SCPROD i n o v e r l a y ( 1 5 , 0 ) a r e c o m p u t a t i o n a l 
l o o p s used i n the omega c a l c u l a t i o n . 

CPLINC, SUBST, RESID, RELAX i n o v e r l a y ( 1 7 , 0 ) are c o m p u t a t i o n a l l o o p s used 
i n the e x p l i c i t s p a t i a l c a l c u l a t i o n . 

c o . v c T , t v c ™ p y , u » c c ^ , . o „ . , . , i . ^ , . , „ . ^ c o . „ . , . . i o „ l looP. us.a in 
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S t o r a g e A l l o c a t i o n 

The program u s e s the FTB-4 ( R e f e r e n c e 1) s e t o f s u b r o u t i n e s and 
f o r s t o r a g e a l l o c a t i o n and s c r a t c h d i s k I /O. 

f u n c t i o n s 

FTB d y n a m i c a l l y a l l o c a t e s a l l l e v e l s o f s t o r a g e to vdi lch the program has 
a c c e s s . In g e n e r a l , the program a s s u m e s a c c e s s t o t h r e e l e v e l s o f s t o r a g e : 

1. CENTRAL i s the s t o r a g e d i r e c t l y a c c e s s i b l e b y the a r i t h m e t i c p r o c e s s o r . 

2 . RANDOM i s a h i g h s p e e d r a n d o m r a c c e s s s t o r e e s s e n t i a l l y s e r v i n g to 

d e t e r m i n e d b y the c o n t e n t s o f the l a b e l l e d common b l o c k RANDOM which i s 
s e t by the program i n the s u b r o u t i n e START i n the ( 0 , 0 ) o v e r l a y . T h i s 
u n i t i s s e t to SCM or LCM on the 7600 ( C e n t r a l or ECS on the 6 6 0 0 ) , 

e f f i c l e n c y ) . 

NOTE 

3 . DISK i s a v e r y l a r g e a u x i l i a r y s t o r e . There are assumed to be four 
l o g i c a l ( s c r a t c h ) d i s k s a v a i l a b l e to the program. These d i s k s a r e read 
and w r i t t e n u s i n g a s p e c i a l d r i v e r . The u n i t s u s e d on the 7 6 0 0 c o n t a i n 
a maximum o f 40 m i l l i o n words ; on the 6 6 0 0 the maximum i s 4 m i l l i o n 
w o r d s . The need f o r t h e s e s c r a t c h d i s k s I s e l i m i n a t e d i n two i n s t a n c e s . 
F i r s t , the program, b a s e d o n the c o n t r o l p a r a m e t e r s o f the prob lem, 
e s t i m a t e s i t s s t o r a g e n e e d s . I f t h i s e s t i m a t e i s l e s s than the 
a v a i l a b l e amount o f random s t o r e , t h e n the random u n i t w i l l be used i n 

?i"*^be'*fm:]i "'I? d S n T n i t : ; s fnsrJ;i tch TH Ty'^J.^Tt .tsplcilTllpTt 
used.raSom'iS i l a c r i f i h i ^ s c S a t c r d l s ^ rSarSu s rof^ ' i i l a c J i ^ ^ L e l s 
of the program. 

A " f i l e " i n the FTB s e n s e r e f e r s to an a l l o c a t i o n o f s t o r a g e on a n y o f 
t h e s e l e v e l s . The u n i t on w h i c h the f i l e i s to r e s i d e i s s p e c i f i e d b y the 
c a l l i n g program; a d d i t i o n a l l y , the c a l l i n g program must d e s c i b e the p r e c i s e 
l o g i c a l s t r u c t u r e o f the f i l e and s u p p l y a n u m e r i c a l i d e n t i f i e r ( ID) i n advance 
o f w r i t i n g the f i l e . When no l o n g e r n e e d e d , f i l e s may be d e l e t e d b y the c a l l i n g 
program ( f r e e i n g the s t o r a g e ) . 

The f r e e s t o r a g e i n c e n t r a l memory made a v a i l a b l e to FTB i s a c o n t i g u o u s 
a r r a y ( r e f e r r e d to a s the FTB a r r a y ) e x t e n d i n g from the b e g i n n i n g o f b l a n k 
common to the l a s t a v a i l a b l e c e n t r a l memory l o c a t i o n . FTB a l l o c a t e s c o n t i g u o u s 
s u b s e t s o f t h i s a r r a y . F i l e s a r e a l l o c a t e d b o t h forward ( f r o m b l a n k common 
o r i g i n ) and backward ( f r o m the end o f b l a n k common) i n the FTB a r r a y . Permanent 
f i l e s ( m a i n l y f i l e s w h i c h w i l l r emain i n c e n t r a l memory f o r the d u r a t i o n o f the 
problem) are a l l o c a t e d i n the h i g h e r niunbered memory l o c a t i o n s (backward i n the 
common a r r a y ) ; temporary f i l e s are a l l o c a t e d n e a r e r b l a n k common o r i g i n . 
Permanent and temporary f i l e s a r e d i s c r i m i n a t e d i n t h i s manner a s i t i s the 
r e s p o n s i b i l i t y o f the program ( r a t h e r than the a l l o c a t o r ) to k e e p the a v a i l a b l e 

i i l d l ^ r ' t g : ^^texl'^'or.prlSryf^a^l llToZlll pitllJllll\u^\/\riZiaiill 
be low. 
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The a v a i l a b l e s t o r a g e in t h e random u n i t i s a l s o a l l o c a t e d i n c o n t i g u o u s 
s u b s e t s . A l l of the LCVl ( o r ECS) to vdilch the program h a s a c c e s s i s made 
a v a i l a b l e to FTB. S h o u l d t h i s be s m a l l e r than the a v a i l a b l e amount o f c e n t r a l 
( a t the b e g i n n i n g o f the p r o b l e m ) , the c e n t r a l FTB a r r a y w i l l be u s e d as the 
random u n i t a s w e l l a s i t s normal u s e and LCM ( o r ECS) w i l l n o t be u s e d . 

The four FTB d i s k s may be a c t i v e a t the same t i m e . To minimize head 
m o t i o n , o n l y one f i l e may be a c t i v e on e a c h d i s k a t any t i m e . D i s k u n i t numbers 
f o r k e y d a t a f i l e s a r e s e t i n the INPCTL s u b r o u t i n e In o v e r l a y ( 1 , 0 ) . U n i t s f o r 
o t h e r f i l e s a r e f r e q u e n t l y d e t e r m i n e d u s i n g the NDIFUl, NDIFU2, and NDIFUS 
s u b r o u t i n e s i n the r o o t to produce unique u n i t numbers. The d i s k s a r e b u f f e r e d 
t h r o u g h LCM w i t h 20K d e c i m a l word b u f f e r s per d i s k on the 7 6 0 0 ( a t o t a l of 80K 
words i n LCM). On the 6 6 0 0 . 4K word C e n t r a l Memory b u f f e r s a r e used f o r e a c h 

J : ^ ^ ? r a ; ; ^ : i r / l p a J f f o ? a T : ^ U s s llll J S I V,\ll\'lt^Vli^^'^l^lV UTAZI 

O v e r l a y S t r u c t u r e 

The a b s o l u t e t e x t o f the program i s segmented i n t o a n o v e r l a y s t r u c t u r e 
c o n s i s t i n g o f up to t h r e e l e v e l s : r o o t , pr imary , and s e c o n d a r y . O v e r l a y l e v e l s 
a r e i d e n t i f i e d by a p a i r o f o c t a l i n t e g e r s ( L 1 , L 2 ) . 

The o v e r a l l program c o n t r o l i s c e n t e r e d i n the main o v e r l a y ( 0 , 0 ) wh ich I s 
a l s o r e f e r r e d to a s the r o o t . The r o o t o v e r l a y o c c u p i e s the lower numbered 
memory l o c a t i o n s , and a l w a y s r e m a i n s i n c e n t r a l memory d u r i n g program e x e c u t i o n . 
P r i m a r y o v e r l a y s a r e l a b e l l e d ( L 1 , 0 ) where LI i s n o n z e r o . Some p r i m a r y o v e r l a y s 
have a s s o c i a t e d s e c o n d a r y o v e r l a y s l a b e l l e d ( L I . L 2 ) . where L l i s the p r i m a r y 

r o o t ) a r e made u s i n g normal c a l l i n g s e q u e n c e s . 

C a l l s to NEXT d e s i g n a t e an o v e r l a y l e v e l (L1 ,L2) and a s u b r o u t i n e c o n t a i n e d 
i n t h i a o v e r l a y . I f t h e s p e c i f i e d o v e r l a y l e v e l i s not c u r r e n t l y r e s i d e n t i n 
c e n t r a l memory, NEXT l o a d s the o v e r l a y i n t o c e n t r a l from a n indexed program 
f i l e . and t h e n t r a n s f e r s c o n t r o l to the d e s i g n a t e d s u b r o u t i n e w i t h i n the 

B l a n k common o r i g i n i s the l a s t c e n t r a l memory l o c a t i o n i n the r o o t , and 
b l a n k common e x t e n d s to f i e l d l e n g t h ( t h e l a s t c e n t r a l memory l o c a t i o n a v a i l a b l e 
to the p r o g r a m ) . The t e x t o f a l l p r i m a r y o v e r l a y s i s loaded i n t o c o r e b e g i n n i n g 
a t the s e c o n d l o c a t i o n o f b l a n k common. S e c o n d a r y o v e r l a y s a r e loaded 
i m m e d i a t e l y f o l l o w i n g t h e i r a s s o c i a t e d p r i m a r y o v e r l a y . 

B e c a u s e b l a n k common i s u s e d b y the dynamic a l l o c a t o r FTB, i t i s n e c e s s a r y 
f o r the a l l o c a t o r a l l o w s p a c e f o r the o v e r l a y l o a d e d . T h i s i s a c c o m p l i s h e d b y 
the r o o t s u b r o u t i n e ORIGIN w h i c h i s c a l l e d by NEXT a f t e r the o v e r l a y h a s b e e n 
loaded but b e f o r e t r a n s f e r o f c o n t r o l to the d e s i g n a t e d s u b r o u t i n e i n the 
o v e r l a y . ORIGIN c h a n g e s the s i z e o f the FTB f i l e ID= 1 i n c e n t r a l memory to 
accomodate the s t o r a g e needed f o r the t e x t o f p r i m a r y and s e c o n d a r y o v e r l a y s . 

S?iSJ" To'^W^o^lTllLltVr S : ieiliilJ/STS^^grtfacfiSdaif is? tisxt ?:* t £ 
current over lay . 

A summary of the over lay s truc ture of the program, Including the funct ion 
of each segment and the rout ines yrbich I t conta ins . Is g iven in Sec t ion 1 .3 . 

Subroutine Communicaaion 

Commuuncation between subrout ines i s done mainly through parameters passed 
in the standard c a l l i n g sequences . Note that these parameter l i s t s are a l s o 
passed when a suboutine Is c a l l e d through the NEXT rout ine . Addi t iona l ly the 
program contains a few l a b e l l e d common blocks tdilch are used by severa l 
segments. With the except ion of the GONTRL common block, these l abe l l ed commons 
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c o n t a i n i n f o r m a t i o n w h i c h i s l a r g e l y hardware d e p e n d e n t . These l a b e l l e d common 
b l o c k s a r e a s f o l l o w s : 

GONTRL c o n t a i n s the m a s t e r c o n t r o l v a r i a b l e s o f the program. T h i s l a b e l l e d 
common b l o c k i s d e c l a r e d i n a few r o u t i n e s t d i i c h need a c c e s s to many 
o f t h e s e c o n t r o l p a r a m e t e r s , n a m e l y the main program named PDQ08, 
input s u b r o u t i n e s INPCTL, CNTINP, IFILES, the s y n t h e s i s c a l c u l a t i o n 
c o n t r o l r o u t i n e SYNTH, and the o u t p u t f i l i n g c o n t r o l r o u t i n e OFILES. 

BLOK c o n t a i n s an a r r a y h o l d i n g the b i t p a t t e r n f o r the packed words i n 
the f i r s t g e o m e t r y f i l e . 

COHP c o n t a i n s an a r r a y h o l d i n g the b i t p a t t e r n f o r packed c o m p o o s t i o n 
c o r r e s p o n d e n c e s and moving boundary i n d i c a t o r s u s e d f o r 
o n e - d i m e n s i o n a l m u l t i - c o n f i g u r a t i o n s e a r c h p r o b l e m s . 

DISK c o n t a i n s a s i n g l e i t e m , the number o f s c r a t c h (FTB) d i s k s b e i n g 

GEOH c o n t a i n s an a r r a y h o l d i n g the b i t p a t t e r n f o r packed words i n the 
s e c o n d , t h i r d , and f o u r t h g e o m e t r y f i l e s . 

RANDOM c o n t a i n s the FTB u n i t number o f the random u n i t . 
VERS c o n t a i n s the program i d e n t i f i c a t i o n . 
WORD c o n t a i n s a s i n g l e i t e m , the number o f b i t s p e r word ( 6 0 o n the 

CDC-6600 and 7 6 0 0 ) . 

The b i t p a t t e r n s i n the BLOK, COMP, GEOM, and WORD l a b e l l e d common b l o c k s 
a r e s e t In s u b r o u t i n e INPCTL i n o v e r l a y ( 1 , 0 ) . The c o n t e n t s o f l a b e l l e d commons 
DISK, RANDOM, and VERS a r e s e t i n s u b r o u t i n e START i n o v e r l a y ( 0 , 0 ) . 

F i l e Ifanager 

Permanent f l i e s a r e s t o r e d and r e t r i e v e d t h r o u g h the F i l e I b n a g e r s y s t e m 
d e s c r i b e d i n R e f e r e n c e 1. B r i e f l y , t h i s s y s t e m p e r m i t s a program to p r o c e s s 
f i l e s i n terms o f t h e i r l o g i c a l s t r u c t u r e , w i t h no knowledge o f the p h y s i c a l 
format o f the f i l e s r e q u i r e d . F i l e p r o c e s s i n g i s a l s o Independent o f the 
p h y s i c a l d e v i c e u s e d f o r the permanent r e t e n t i o n o f the f i l e . 

A s i n g l e r o u t i n e , c a l l e d FM6 ( R e f e r e n c e 1 ) , i s u s e d b y the program f o r a l l 
communicat ions w i t h t h e F i l e Ifanager, b o t h f o r r e a d i n g and w r i t i n g t h e s e f i l e s . 
F i l e Ifanager f i l e s a r e s u b d i v i d e d i n t o s e t s o f d a t a , and the s e t s t r u c t u r e o f a 
f i l e i s fundamenta l to i t s p r o c e s s i n g . Two d i f f e r e n t s e t s t r u c t u r e s a r e 
p r o v i d e d b y the F i l e Hanager and e a c h i s used f o r one or more o f the o u t p u t 
f i l e s . In the f i r s t s t r u c t u r e , the s e t s i z e i s c o n s t a n t and the t o t a l number o f 
s e t s i s known i n a d v a n c e . The s e t s i z e and number o f s e t s a r e t h e n g i v e n to the 
F i l e Manager b e f o r e the f i l e I s w r i t t e n and a r e r e t u r n e d b y the F i l e Manager 
b e f o r e the f i l e i s r e a d . In the s e c o n d s t r u c t u r e , the s e t s i z e i s v a r i a b l e In 
which c a s e i t i s assumed the number o f s e t s i s n o t known. Here , the s i z e o f 
e a c h s e t must be g i v e n to the F i l e Ifanager a s the s e t i s w r i t t e n and i s r e t u r n e d 
by the F i l e Ifanager a s the s e t I s r e a d . In t h i s c a s e the number o f s e t s g i v e n 
to the P i l e Manager and r e t u r n e d b y the F i l e Manager 1 . z e r o . The w r i t i n g 

?;;sf^:?e'"?:tt^*;iî i!n?^?oiia?:h:!iiii:MS itv^iMfn i^J.i'^ "-"•*•' ^"l 
Three l e v e l s of I d e n t i f i c a t i o n are a s s o c i a t e d wi th each f i l e : the integer 

vers ion number and an alphanumeric synonym of up to ten characters both suppl ied 
as input by the user , and an integer data type number suppl ied by the program. 
Any f x l e type may be w r i t t e n s e p a r a t e l y as a stand - alone f i l e or i t may be 
combined with any other f i l e type(s ) as a s e c t i o n e d f i l e , but any one f i l e type 
may be wr i t t en on ly once wi th in a s i n g l e case or sub-case . The content of each 
s e c t i o n m a s e c t i o n e d f i l e i s w r i t t e n e x a c t l y as a stand - alone f i l e , 
including header s e t ( s ) , for the appropriate f i l e type. Each s e c t i o n i s a 
"named" s e c t i o n vdiose s e c t i o n name i s the three character alpfaannmeric 
equivalent of the p a r t i c u l a r data type. The F i l e Manager s t o r e - d i r e c t i v e , are 
scanned f i r s t for a stand - alone f i l e d i r e c t i v e ( the appropriate v e r s i o n 
number, synonym, and data type) ; i f not found, the same vers ion number and 
synonym pair together with data type 250 are used to scan the F i l e Ifanager s t o r e 
- d i r e c t i v e s to assure that such a d i r e c t i v e i s p r e s e n t . Then a l l f i l e - s t o r e 
requests with t h i s same cond i t i on (s tand - alone F i l e Manager . t o r e - d i r e c t i v e 

:'A:n^ pii::,thifTiiicr?.'*?*LnL:e%!i:rJri**VX:rtSe"i:? "?sr; 
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t y p e ( i n c l u d i n g t h o s e n o t w r i t t e n b y the program) and s c a n s the F i l e Manager 
f i l e s p r e s e n t in e x a c t l y the same way a s d e s c r i b e d f o r w r i t i n g o u t p u t f i l e s : 
s t a n d - a l o n e f i r s t , t h e n s e c t i o n e d f i l e s . 

Input F i l e Ifanager c a r d f i l e s a r e p r o c e s s e d i n r o u t i n e RCAROS i n o v e r l a y 
( 1 , 1 ) ; input s y n t h e s i s t r i a l f u n c t i o n f i l e s a r e p r o c e s s e d in r o u t i n e SIN7 i n 
o v e r l a y ( 1 , 2 7 ) ; a l l o t h e r input F i l e Manager f i l e s are p r o c e s s e d i n r o u t i n e 
IFILES i n o v e r l a y ( 1 , 3 ) . Output F i l e Ifanager f i l e s are w r i t t e n by the r o u t i n e s 
i n o v e r l a y ( 2 7 , 0 ) . The p r e s e n c e o f p r o p e r F i l e Ifanager d i r e c t i v e s f o r e a c h o f 

s u b s e q u e n t l y dropped b e f o r e e x i t i n g the PREPOS r o u t i n e . 

Input C o n v e r s i o n 

The program u s e s the e n v i r o n m e n t a l s u b r o u t i n e CUIRDS ( R e f e r e n c e 1) to 
c o n v e r t input c a r d s i n t o a form w h i c h i s used by the input p r o c e s s i n g r o u t i n e s . 
The CARDS r o u t i n e r e a d s input i n a g e n e r a l i z e d manner t h a t a l l o w s the i n t e r n a l 
r e p r e s e n t a t i o n o f e a c h i t e m on e a c h card to be d e t e r m i n e d b y the c o n t e n t s o f the 
f i e l d . Each input c a r d c o n t a i n s an i d e n t i f y i n g number which e n a b l e s the 
c o n t e n t s to be r e f e r e n c e d i n d e p e n d e n t o f the p h y s i c a l l o c a t i o n of the card i n 
the d e c k . The c a l l on CARDS c o n v e r t s a l l input c a r d s f o r a c a s e , s t o r i n g t h e s e 
i n the form o f a LIST w h i c h c o n t a i n s the c o n v e r t e d d a t a i t e m s , and a TABLE w h i c h 
c o n t a i n s the c a r d numbers and p o i n t e r s to the d a t a i n the l i s t . The INPF 
package which i s u s e d to a c t u a l l y p r o c e s s the input i s d e s i g n e d to use t h i s 
t a b l e - l i s t s t r u c t u r e . 

In a d d i t i o n to normal card i n p u t , card images may a l s o be input from F i l e 
Ifanager card f i l e s . The u s e r s p e c i f i e s input card f i l e s on CARDFILE c a r d s i n 
the input d e c k ( s e e S e c t i o n 9 . 2 ) . The input s u b r o u t i n e RCARDS in o v e r l a y ( 1 , 1 ) 
merges a n y r e q u e s t e d card f i l e s w i t h the a c t u a l card input deck to form the 
c o m p l e t e input s t r i n g w h i c h i s to be m a n i p u l a t e d by CARDS. RCABDS r e a d s the 
c a r d input from the c u r r e n t c a s e ( u s i n g e n v i r o n m e n t a l r o u t i n e RD80A1) and c o p i e s 
t h e s e to TAPEl d i v e r t i n g a l l CARDFILE c a r d s to TAPE2. The F i l e Manager c a r d 
f i l e s d e s i g n a t e d b y the c a r d s on TAPE2 are then a c c e s s e d , and the a p p r o p r i a t e 
c a s e o f c a r d images from e a c h f i l e i s c o p i e d to TAPE2. The a c t u a l input c a r d s 
( l e s s the CARDFILE c a r d s ) from TAPEl are then appended to the input s t r i n g on 

i r c W ^ ^ i s i ? c:sr^^E^^rr:^:!irL"Lr^rf ii''iViriir.i%o''i':T/rro 
s ^ t e m f i i e s named PASS001 and PASSOfl̂  respect i v e l ^ ! The ca 11 on CAR^ i s L d e 
in CNTINP in over lay ( 1 , 2 ) . 

Input Process ing 

The input process ing subrout ines are contained in the ( 1 , 0 ) over lay and i t s 
a s s o c i a t e d secondary o v e r l a y s . Overall control for input process ing is vested 
in the INPCTL subroutine in t h i s over lay . 

Subroutines in the INPF package ( see Reference 1) are used to access and 
manipulate the t a b l e - l i s t which conta ins the converted input s t r i n g data as 
descr ibed above. The subroutine LINK in the INPF package i s the bas ic linkage 
between the program and the t a b l e - l i s t . The subroutine HODER in the package i s 
used to check the mode of each data item against a l i s t suppl ied by the c a l l i n g 

x^ifng cajJbiliir(ai?Luinasi::iirutiu^?i^ LiSî inrssSERf!*o% msr̂ f̂ ro 
manipulate the t a b l e - l i s t I t s e l f . 

The program makes e x t e n s i v e checks on the input data and any input error 
r e s u l t s in an appropriate error comment. Following the d i scovery of any input 
e r r o r s , the program w i l l abort the problem a f t er cont inuing to check as much of 
the remaining input as p o s s i b l e . Any unused input cards a f t er the input 

? N ? C ^ ! ^ " l h : % r e : ^ : c r o r L : i ^ r J a r i : A'-^^.dV,^'t/T^T..rlTL t^ll^ f"''"' 
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The t a b l e - l i s t must be i n c e n t r a l memory t o be m a n i p u l a t e d v i a the INPF 
r o u t i n e s . Some o f the input , p r o c e s s i n g o v e r l a y s o f the program, however , do no 
r e q u i r e a c c e s s to the t a b l e - l i s t . In o r d e r to f r e e t h i s c e n t r a l memory s t o r a g e , 
the t a b l e l i s t i s w r i t t e n to d i s k b e f o r e t h e s e p a r t i c u l a r o v e r l a y s a r e e n t e r e d , 
and r e t r i e v e d from d i s k p r i o r to e n t e r i n g s u c c e e d i n g o v e r l a y s w h i c h need a c c e s s 
to the t a b l e - l i s t . These t r a n s f e r s a r e perfomed b y the SAVER r o u t i n e i n ( 1 , 0 ) 
c a l l e d by INPCTL. 

When the t a b l e - l i s t i s i n c e n t r a l memory^ the s t o r a g e a l l o c a t e d to i t ( v i a 
FTB) i s a t the temporary end o f the f r e e s t o r a g e a r r a y ( n e a r e r the b e g i n n i n g o f 
b l a n k common). The s u b r o u t i n e MEXT i s u s e d to s h i f t the t a b l e - l i s t to the 
permanent end o f the f r e e s t o r a g e a r r a y , l oad the r e q u i r e d s e c o n d a r y o v e r l a y , 
and s h i f t the t a b l e - l i s t back to the t emporary end o f the FTB a r r a y . MEXT 
e f f e c t s the l o a d i n g o f the a p p r o p r i a t e o v e r l a y by c a l l i n g ( t h r o u g h NEXT) a dummy 
s u b r o u t i n e In the o v e r l a y . 

Program Initialization 

Program i n i t i a l i z a t i o n i s centered in the root subroutine START. START i s 
the only subroutine In the program conta in ing statements whose execut ion i s 
machine dependent ( i n t h i s implementation a funct ion of whether running on the 

5 f dlt^Llne'^ygl'ISM ;nd'JaM7cin?ri"anl iSron**?h:"5?00rava U ^ , iinV 'liZi 
?^fiS:ber%{^scL?cW isfJ^rbruse i ;^tL*t it lan :m?ii* 'o?^ 
(on the 7600 o n l y ) , the s i z e of the d i s k b u f f e r s , the a v a i l a b l e SCM and LCM on 
the 7600 (Central and ECS on the 6600) , and the unit to be used as the random 

?^'J.for^TS?^^ilLri"^^r%:*:ndf:y^^ovr3^a^!^ IiTiR^^s^is T/\lt ^rt^^^ 
identification^ in The labelled coLnon blocrVERS. START also L i t la 1 i L s ^ h e 

lllilWl^tAlli ?^rt^heea?L^^S?:"Jrigrar j T l e N f S J y ts^ir lJLL^riori^t) . '""^ 

Sense Switches 

The fo l lowing sense swi tches produce the Indicated e f f e c t s on a running 

SWITCH 2 - forces termination of the current i t e r a t i o n and feedback. 
SWITCH 3 - forces termination of the problem at the end of the current 

case or sub-case . 
SWITCH 4 - provides a d a y f i l e monitor of over lay names and some 

conf igura t ion numbers). 

Switches 2 and 3 are pr imar i ly intended for use by the operator. In a d d i t i o n 
SWITCH 5 (d i scussed above) may be used to force the program to run without 
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APPENDIX C: PROGRAM STRUCTURE 
This section is primarily intended for use in program implementation or 

maintenance by the cognizant programmer. The names of all of the subroutines 
contained In each overlay are listed below. Each overlay is identified by a 
title of the form SEGNAM (L1,L2), where SEGNAM Is the identifier displayed at 
the console (and in the dayfile if sense switch 4 is enabled) when the overlay 
is loaded, and Ll and L2 are octal integers identifying the primary and 
secondary overlay levels respectively. Overlays having more than one title, are 
called from several places and perform different functions on each of the calls. 
It should be noted that the term "file" as used below refers to an internal FTB 
file unless otherwise specified. 

PDQ08 (0,0) 
PDQ08 
MOVE 
FINDER 

START 
NDIFUl 
GETPUT 

ORIGIN 
NDIFU2 

PLNGRP 
NDIFU3 

SPACER 
MMOVER 

The master contro l of the program i s the PDQ08 rout ine . This routine 
governs the general f low of the c a l c u l a t i o n depending on the type of problem and 
the various opt ions s e l e c t e d by the user . Looping required for feedbacks i s 
performed by t h i s rout ine although the log ic and s t r a t e g y for such processes 
res ide in other o v e r l a y s . This rout ine a l s o contro l s the o v e r a l l loop on input 
cases and s u b - c a s e s . Program i n i t i a l i z a t i o n i s performed by the START r o u t i n e . 
ORIGIN i s used to a l l o c a t e s u f f i c i e n t centra l memory storage for each primary 

o;gr i : n r e % y cla^^tler uH l^y^o'i^Tniss ^ e ^ l y ^^o'^'^sLUt'mlTs ^"^tL^Uo^t 

INPUT ( 1 , 0 ) 

INPCTL MEXT SAVER 

Overall contro l of input process ing is centered in the INPCTL rout ine . 
INPCTL c a l l s a s e r i e s of input process ing subroutines in assoc ia ted secondary 

patterns, and a « V - FTB u n i t n u X r s t o i r u s e d 7 ^ key in^rna l f i les.'' IffiOT 
ut t a b l e - l i s t 
l l ^ ^ ' t r u s i r to move 

^ "™;^J>::sJ^;^".M;: ;r?u.a:o^^^ 
b^Taded at^the' temporary"endof"tC"Mank"i:^narra;! 
the t a b l e - l i s t between cen tra l memory and d i sk . 

CARD FILES ( 1 , 1 ) 

RCARDS NOTICE 
RCARDS creates a file containing the card images from any input File 

Ifanager card files followed by the actual card input for the current case. 
NOTICE is a routine which prints user notices. 
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READ CARDS ( 1 , 2 ) 

CNTINP 

CNTINP r e t r i e v e s the i n p u t t a b l e - l i s t from t h e p r e v i o u s c a s e ( i f a n y ) , 
d e l e t e s the c a r d s w h i c h a r e d e l e t e d from c a s e t o c a s e , c a l l s the e n v i r o n m e n t a l 
r o u t i n e CARDS to c o n v e r t t h e c a r d i n p u t , and s a v e s t h e new input t a b l e - l i s t . 
CNTINP a l s o p r o c e s s e s the c a r d s w h i c h c o n t a i n the main c o n t r o l p a r a m e t e r s f o r 

:?%rji:b iem^ i^^5:?rn :r ^^llrlTst''lll.^.:'-^v:nTlT^ liXt'^iriVniToX 
p a r a m e t e r s f o r the p r o b l e m . 

IN FILES ( 1 , 3 ) 

IFILES 

IFILES p r o c e s s e s the f o l l o w i n g F i l e Ifanager input f i l e s : c o n c e n t r a t i o n s , 
t a b l e s e t s , p o i n t w i s e f l u x , i n t e g r a t e d f l u x , g e o m e t r y , and q u a d r i l a t e r a l f l g u r e s . 
The f i l e s Input are c h e c k e d f o r c o n s i s t e n c y w i t h the c u r r e n t p r o b l e m , and the 
d a t a from t h e s e f i l e s i s s t o r e d i n I n t e r n a l (FTB) f i l e s . 

GEOMETRY ( 1 . 4 0 ) 

GEOCRD 
ZZGRID 
DMYG 

6MINPT 
TWISTR 

CONFIG 
AREAPL 

GETANG 
EDZHSH 

LABFND 
PICINP 

T h i s o v e r l a y p r o c e s s e s q u a d r i l a t e r a l g e o m e t r y card i n p u t . GEOCRD i s the 
c o n t r o l r o u t i n e . 6MINPT p r o c e s s e s b a . l c f i g u r e d a t a i n c l u d i n g c a r d s e r i e s 0 5 , 
0 7 , 7 , 8 , and 15 . COMFIG p r o c e s s e s conq>ound f i g u r e d a t a o n c a r d s e r i e s 9 . 
PICINP p r o c e s s e s p l o t and p r i n t e d p i c t u r e e d i t r e q u e s t s f r o n c a r d s e r i e s 0 1 0 2 . 
T h i s o v e r l a y p r o d u c e s two f i l e s needed b y the g e o m e t r y g e n e r a t i o n r o u t i n e s , one 
c o n t a i n i n g b a s i c f i g u r e d a t a and one c o n t a i n i n g compound f i g u r e d a t a . T h i s 
o v e r l a y a l s o p r o d u c e s an o p t i o n a l input e d i t . 

BASICS ( 1 , 4 2 ) 

BASCON BASCFG BFOVER XYPNTS PCKDWD 

T h i s o v e r l a y g e n e r a t e s b a s i c and a u x i l i a r y f i g u r e s i n q u a d r r l a t e r a l 
g e o m e t r y o n l y . BASCON i s the c o n t r o l r o u t i n e . BASCFG c o n s t r u c t s the b a s i c 
f i g u r e s and a u x i l i a r y f i g u r e s , and s t o r e s e a c h g e n e r a t e d f i g u r e In a s e p a r a t e 

COMPODRDS ( 1 , 4 4 ) 

SFCONT DEFPNT 
ROWADJ GBFFSF 

PNTSCH 
GSFFBF 

OVRLAY 
SHFTOR 

ANGLEl 

T h i s o v e r l a y g e n e r a t e s compound f i g u r e s i n q u a d r i l a t e r a l geometry. SFCONT 
1. the c o n t r o l r o u t i n e . The d e s c r l p t l o n o f e a c h componnd f i g u r e g e n e r a t e d In 
t h i s o v e r l a y i s w r i t t e n i n t o a s e p a r a t e f i l e . 
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CHECKING (1,46) 
CHKFIG 

CHKFIG checks the s o l u t i o n f igure in quadri la tera l geometry to assure that 
a legal s o l u t i o n mesh has been generated. CHKFIG a l s o rewri tes the s o l u t i o n 
f igure f i l e to t r iangu la te the mesh. 

TRANSFORM (1 ,50 ) 

FIGFLS PLAREA 
FIGFLS reads the solution figure file in quadrilateral geometry and writes 

two auxiliary files containing geometry information which are used by the 
blocking routines. PLAREA compares the calculated planar region areas with the 
input planar region areas (if any) . 

MEASURE (1,52) 
DSTORT 
TRIIND 

DSTGAL 
ANGLER 

DIADST MSHHST GRAPHG 

.««,R?"!s"iJi"'.::i"ia'^;a':5itti;%'S.r'"^i^-;.Ji:'t£:'Zui?Ji';;is; 
f i l e and c a l c u l a t e s the d i s t o r t i o n ind i ca tors . 

DRAWING (1 ,54 ) 
PLTFIG 
RTOFDl 
RTANGV 
GATHER 

PLOTER 
RT0FD2 
PICEDT 

RTSQDl 
LTOFDl 
PICROW 

RTS(U)2 
LT0FD2 
PICCOL 

LTSQDG 
RTANGH 
DIAGNL 

This overlay produces plots and printed picture edits for quadrilateral 
geometry figures. The overlay reads the figure files. PLTFIG is the overall 
control routine and the plotting control. A buffer for the plotting file (which 
is a system file) is created using ENTFIL and deleted using DELFIL. PICEDT is 
the printed picture edit control. 

GEOMETRY (1,5) 
GEOCNT GEOMIN DMY2A 

This over lay processes card input geometry data for rectangular and 
hexagonal geometry. GEOCNT i s the contro l rout ine . GEOMIN processes card 
s e r i e s 05 , 15, 16, 17, 7, 8, and 9 . Basic f igure data, super f igure data . and 

^e^^mitrrrn^ratrrT^^^htr^veHar^r^Jul^s^r^pnoia-riSpitf^ilt.''''- ^ '^ t̂ ^ 

RECTANGLE ( 1 , 7 ) 

RECMSH RECOVR DMY2B 

This over lay generates the geometric s o l u t i o n space for a rectangular 
problem. RECMSH i s the contro l rout ine for rectangular geometry generat ion. It 
computes planar reg ion areas , s t o r e s the row and column meSh i n t e r v a l s , wr i tes 
two a u x i l a i r y f i l e s conta in ing geometric data used in b locking, and wri tes 

fsrtrruJii:s4alsfc^2r?kdtiir: iSafgrtrLrbe:rd\^i^TLi" a s'-^'^ r -
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HEXAGONl (1,11) 
HEXMSH HEXOVR DMY2C 

T h i s o v e r l a y i s the f i r s t o f two o v e r l a y s i n v o l v e d In c o n t r u c t l n g the 
s o l u t i o n g r i d f o r h e x a g o n a l g e o m e t r y p r o b l e m s . HEXIKH i s the c o n t r o l r o u t i n e 
f o r h e x a g o n a l g e o m e t r y g e n e r a t i o n . I t computes p l a n a r r e g i o n a r e a s , w r i t e s an 
a u x i l i a r y f i l e c o n t a i n i n g g e o m e t r y i n f o r m a t i o n to be used i n b l o c k i n g , and 
w r i t e s an i n t e r m e d i a t e h e x a g o n a l g e o m e t r y f i l e w h i c h w i l l be t r a n s l a t e d by the 
s u c c e e d i n g o v e r l a y . HEXOVR d e t e r m i n e s the g e o m e t r y f o r a s i n g l e row o f the 
mesh. These r o u t i n e s a l s o c h e c k t h a t a l e g a l h e x a g o n a l l a t t i c e has b e e n 

HEXAG0N2 ( 1 , 1 3 ) 

HEXFIL SIDE3 

T h i s i s the s e c o n d o f two o v e r l a y s i n v o l v e d i n h e x a g o n a l g e o m e t r y 
g e n e r a t i o n . HEXFIL r e a d s the temporary g e o m e t r y f i l e w r i t t e n In the p r e v i o u s 
o v e r l a y and w r i t e s a c a n o n i c a l form h e x a g o n a l g e o m e t r y f i l e ( t h i s i s the s i d e 
and a n g l e i n f o r m a t i o n to be w r i t t e n in g e o m e t r y f i l e 1 ) . HEXFIL a l s o w r i t e s an 
a u x i l i a r y f i l e c o n t a i n i n g g e o m e t r y i n f o r m a t i o n f o r u s e b y the b l o c k i n g o v e r l a y . 

AXIAL DATA ( 1 , 1 5 ) 
PICTURES ( 1 , 1 5 ) 

PLHESH 
OPTION 

PICCAL 
DMY2D 

RECPIC HEXPIC PCUNPC 

Thi s o v e r l a y I s c a l l e d f o r two d i f f e r e n t p u r p o s e s . F i r s t , the s u b r o u t i n e 
PLHESH p r o c e s s e s input a x i a l mesh i n t e r v a l s and input p l a n a r r e g i o n a r e a s ( c a r d 
s e r i e s 07 and 18 r e s p e c t i v e l y ) . S e c o n d , the o v e r l a y p r o d u c e s the p r i d t e d 
g e o m e t r y p i c t u r e e d i t s f o r r e c t a n g u l a r and h e x a g o n a l g e o m e t r y . PICCAL i s the 

n;trl,:r;isu:,r(:;sr.!,;3ic*:i, s ?r ; ! -S ! s co*st,:crir5L ji^is: 
e d i t s for hexagonal geometry. 

MATERIALS (1,17) 
CMPCRR DM^E 
CMPCRR processes and edits composition correspondence data, gross plane 

boundary data, and fine plane boundary data (card series 03, 060, and 061 
respectively). The composition correspondence data Is stored in a random file, 
so only a single configuration (or a single plane) need be held in central 
memory. 

BLOCKING (1,21) 
BLKCNT GBLOKl 
FBAREA GBAREA 
NEWCNC CONEXP 

GBL0K2 
SCAN 

FBSCAN 
SKTRAN 

BLKFIL 
BLKEOD 

This over lay determines the s e t of transverse gross and f ine blocks for the 
problem in a l l geometr ies . Addi t lonaly , t h i s over lay performs concentrat ion 

sssK'";e;{.™'-;^:t;,.S^Spi:JSn:ruVff/ti*ijf-'::iiis,';L;i^l::f: 
"»°t;tiri;''n;L''^:5irvV.2^„:r:i:?..',:?':,.;n,^^iirF..ST;:i3!'i^' 
:l:irn';::tis 5lrhrit;:ti:;%rp:::s."ij.i„?c^^,:i':.:s:iL Vu ;s 
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new g e o m e t r y f i l e s , d e d u c e s the o l d b l o c k to new b l o c k t r a n s f o r m a t i o n , and 
expands the o l d c o n c e n t r a t i o n f i l e i n t o a new c o n c e n t r a t i o n f i l e based on the 
e x p a n s i o n d e f i n i t i o n . 

HARMONY (1.23) 
DPLINl CHANE FILER PRID INPID 
NDCHN CHLIST INDEXl PACKl STOVFL 
NDCON UNFIT UNPKl OVLAY PRERCl 
OVERC NC1C2 ITYPEC NPACK2 TABCTL 
CDTABS MDRDER NPK2A BUCKIN REOTAB 
MSKBCH UNPK2 PROVER INDEX2 DPLIN2 
ARATIO FBNUCS DMY3 

T h i s o v e r l a y p r o c e s s e s HARMONY input d a t a . There a r e two major c o n t r o l 
r o u t i n e s i n the o v e r l a y , namely DPLINl and DPLIN2, and e a c h i s c a l l e d s e p a r a t e l y 
from INPCTL. DPLINl p r o c e s s e s and e d i t s a l l HARMONY card input d a t a , i n c l u d i n g 
n u c l i d e IDs , c h a i n s , c h a i n l i s t s , i n i t i a l n u c l i d e c o n c e n t r a t i o n s , t a b l e s , t a b l e 
o v e r l a y c o n t r o l s , t a b l e s e t a s s i g n m e n t s , b u c k l i n g , and a r e a r a t i o s ( c a r d s e r i e s 
3 , 0 9 , 10 , 14 , 1 1 , 4 , 1 2 . * ? 3 , 0 8 , 19 , a n d 0 2 ) . DPLINl c r e a t e s a s e r i e s o f 
i n t e r n a l HARMONY d a t a f i l e s used b y s e v e r a l o f the s u c c e e d i n g c a l c u l a t l o n a l 
o v e r l a y s . A d d i t i o n a l l y , temporaJ^y f i l e s w h i c h a r e used by DPLIN2 a r e w r i t t e n . 
DPLIN2 r e a d s t h e s e DPLINl f i l e s and a p o s s i b l e input t a b l e - s e t f i l e , and a l s o 
w r i t e s a s e r i e s o f I n t e r n a l HARMONY d a t a f i l e s i 4 i l c h a r e l a t e r u s e d b y s e v e r a l 
o f the c a l c u l a t l o n a l s e g m e n t s . 

FEEDBACKS ( 1 . 2 5 ) 

SCffllNP THINPT 
PUTAWY SRTCHK 

THGEOM 
FLUIDP 

ERPRNT 
DMY4 

HODCHK 

This o v e r l a y processes a l l card Input for feedbacks. SCHINP processes a l l 
of the card Input for the poison search , movable fuel search , fa s t rod search , 
one-dimesional mul t ip le conf igurat ion searches , and xenon feedback. THINPT 
processes thermal feedback card input data. FLUIDP uses the HOH rout ines ( s e e 
Reference 15) to s e t up an Internal f i l e conta in ing water property tab les for 
thermal feedback problems. 

SYNTHESIS ( 1 , 2 7 ) 
SINl SIN2 
SEARCH PARKIN 
TMAP INPEDT 

SIN3 
EXPAND 
SIN7 

SIN4 
lAND 
DMy32 

INTSCH 
lOR 

T h i s o v e r l a y p r o c e s s e s s y n t h e s i s c a r d input d a t a and s y n t h e s i s F i l e Ifanager 
d a t a . S INl i s t h e c o n t r o l r o u t i n e f o r p r o c e s s i n g and e d i t i n g s y n t h e s i s I n p u t . 
S INl p r o c e s s e s the s y n t h e s i s c o n t r o l i n f o r m a t i o n and a l s o r e a d s a p o s s i b l e input 
F i l e Manager s y n t h e s l . i n t e g r a l l i b r a r y f i l e . SIH7 r e a d , the input F i l e Manager 

;i;l:'..'s:ii?s"ti."iortL"?,l."i%n!irT:!eS.."iJUH'^.%T,i!?er'"" 

EDIT SETS ( 1 , 3 0 ) 

SLICER DISINP EDTIHP REDINP DMYEE 

The r o u t i n e s In t h i s over lay perform severa l separate input process ing 
func t ions . This over lay Is c a l l e d from severa l p laces in INPCTL. SLICER 
manipulates the Internal f i l e s and contro l Indicators to change a 3-D e x p l i c i t 
problem into a 2-D problem at a s p e c i f i e d p lane . DISINP processes d i s p l a y e d i t 
and blockwlse e d i t Input on card s e r i e s 02 and 0103 r e s p e c t i v e l y . EDTINP 
proce d i t s e t , plane grouping, and a x i a l e d i t card input on card s e r i e s Oil 
- 016. REDINP proces se s b lock c o l l a p s i n g card input on card s e r i e s 017 - 019 
and 062. 
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REDUCTION (1,31) 
REDUCE 
AXIAVG 
NDIFFF 

RADCOL 
AXISUM 

REWRTE 
LIBSUM 

RADAVG 
RARAVG 

RADSUM 
AARAVG 

This overlay per forms the o p t i o n a l t r a n s v e r s e and a x i a l g r o s s b l o c k 
collapsing based o n a u s e r d e f i n e d s cheme . REDUCE Is the c o n t r o l and e d i t i n g 
routine for block c o l l a p s i n g . The o v e r l a y r e w r i t e s g e o m e t r y f i l e s 1, 2 , 3 , and 
4. the gross and f i n e b l o c k i n t e g r a t e d f l u x f i l e s , the g r o s s and f i n e b l o c k 
concentration files, the s y n t h e s i s i n t e g r a l l i b r a r y f i l e , and the a r e a r a t i o 
file. The gross b l o c k f i l e s a r e c o l l a p s e d e i t h e r a x l a l l y or i n the r a d i a l 
direction by either volume a v e r a g i n g or summing. The f i n e b l o c k f i l e s a r e 
reordered. Upon e x i t from t h i s o v e r l a y , a l l i n t e r n a l f i l e s have b e e n 
trans/ormed to be c o n s i s t e n t w i t h the new ( c o l l a p s e d ) g e o m e t r y . 

SUBCASES (1.32) 
END INPUT (1.32) 

SUBCAS 
FBTRAN 

CASENN 
EXPFLX 

PREPOS 
DMY2F 

EXPCON FACGET 

T h i s o v e r l a y c o n t a i n s r o u t i n e s p e r f o r m i n g v a r i o u s i n p u t p r o c e s s i n g t a s k s , 
and Is c a l l e d from s e v e r a l p l a c e s i n INPCTL. SUBCAS p r o c e s s e s c a r d input f o r 
s u b - c a s e d a t a ( s e r i e s 2XX) i f a n y . CASENN i s t h e c o n t r o l r o u t i n e f o r a u b - c a s e 
e x e c u t i o n , r e s e t t i n g t h e d a t a r e q u i r e d b y a s u b - c a s e and p r o d u c i n g the e d i t o f 
c o n t r o l i n f o r m a t i o n f o r e a c h s u b - c a s e . PREPOS c h e c k s f o r the e x i s t e n c e o f 
proper F i l e Manager d i r e c t i v e s f o r e a c h F i l e Ifanager f i l e to be w r i t t e n . EXPCON 

^i*iSi:^o^^:i?ior^r:pii^i::nt liii. r^^^t^^w.s ^ ^ ^ . ^ n ^ ^ 
f i l e f o r e a c h g r o u p . 

CHECKLIST ( 1 , 3 3 ) 

CHKLST LINEUP 

CHKLST p r i n t s the Input c h e c k l i s t ( d e s c r i p t i o n s o f a l l Input c a r d s ) . T h i s 
o v e r l a y I s c a l l e d o n l y when the program has b e e n e x e c u t e d w i t h no c a r d i n p u t , 
and i s n o t p a r t o f the normal input p r o c e s s i n g . 

X-SECTIONS ( 3 , 0 ) 

SIGMA TABLES 
ST0BE4 DEC0D2 
ENCODl ENC0D2 
SIGHAS MACDIF 

STORE1 
DECODl 
REGCHP 

ST0RE2 
INTRP 
GEOHWD 

INTERP 
ST0RE3 
LCHECK 

T h i s o v e r l a y c a l c u l a t e s the m a c r o s c o p i c d a t a f o r a l l g r o s s b l o c k s . The 
o v e r l a y r e a d s the c o n c e n t r a t i o n f i l e and HABNONY d a t a f i l e s and w r i t e s the 
m a c r o s c o p i c d a t a f i l e and kappa s lgma f i s s i o n f i l e . SIGMA is the o v e r a l l 

;??i;::is ? r *s:;rofiS^ i:ti*ii!:rrrif^r:iie%irtKlf L"fdCrrnd!?lr;.r* 
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CONFIGURE ( 5 , 0 ) 
AXIAL MOVE ( 5 . 0 ) 
SEARCH ( 5 . 0 ) 
ROD SEARCH ( 5 , 0 ) 

CNFEED MOVFUL MOVER MOVING IHIGHT 
CMPSHF IMPLYZ MINT2 NONINC ZIPED 
CURPT MXMOVE MOVZIP ZIPSCH ZIPCED 

This over lay performs the l og i c involved in the operat ion of the various 
contro l s earches . Di f ferent subroutines in t h i s over lay are c a l l e d from various 
p laces in the PDQ08 rout ine in the root over lay depending on the type of search 
being done and the funct ion to be performed. CNFEED contains the log ic vdiich 

iiiiTni'i:.i^.-''i&^''Liix^',\.!t. rj-Ji-,.;^l ri^s-i.% ::rKn?;.;:t 
::;jss;;tiii"}?L.!'»„f.:snjL' v.\i- fT?::- ̂ ,i. ':\'^' fr.izrnd':iii 
composit ion correspondences. MINT2 rewri tes the macro-weighted f lux integral 

: i i -d imefn : io i J lm iu Ip i : i ; r f t rur ; t io f r !S?ch !s t^^ '"'''t"'l r ' 'u"^^ """ *^^ 

SYNTHESIS ( 7 , 0 ) 

SYNTH CNTRCT EXPGEO MULTI 

This over lay i s the contro l for the c a l c u l a t i o n of the t r i a l funct ion 
product i n t e g r a l s and the weight ing of these i n t e g r a l s by the macroscopic data 
to be used in the s y n t h e s i s s p a t i a l c a l c u l a t i o n . The actual c a l c u l a t i o n s are 
performed in the two a s s o c i a t e d secondary o v e r l a y s . SYNTH serves as the o v e r a l l 
contro l r o u t i n e . 

FLUX INT. ( 7 , 1 ) 

SINTl PROWXY PROWHF CONVEC SUMVEC 
SUMPRD PRDIFV PRDIFH SCPLNG HEXSUM 
HXINT2 PRDIFT PRDVEC ISORT INTCMP 
QSSCRB GEOPRC PROWQ QUINTl QUINT2 
QUDSMl QUDSM2 UNPKR4 MULTQ MULTN 
COMBNQ SUMSQ PRDVCT DIFVEC INTCMQ 
DHY161 

This over lay c a l c u l a t e s the s y n t h e s i s t r i a l funct ion product i n t e g r a l s . 
SINTl wri tes a f i l e conta in ing the newly ca l cu la ted t r i a l funct ion i n t e g r a l s , 
reading geometry f i l e 1, the t r i a l funct ion f i l e s , and a f i l e conta in ing 
d e s c r i p t i o n s of the i n t e g r a l s to be computed. PROWXY is the control for the 
i n t e g r a t i o n over one row of the'mesh in rectangular geometry; PROWHF is the 
contro l for i n t e g r a t i o n in hexagonal geometry; PROWQ i s the control for 
i n t e g r a t i o n in quadr i la tera l geometry. The computed Integrals are wr i t t en into 

Iroi^ll a t ^ f o f i ? i l e ^ r b r S l a " ! % : L * ? i o V ^ : o ^ r % ^ X l n i r ' ^ t h : s ltl7.7 ^^r^ 
i n t e g r a l s . 

MACRO WT. ( 7 , 2 ) 

MINTl MTOUT DBLMNT ALIGNR DMY162 

MINTl combines the macroscopic data and the t r i a l function product 
i n t e g r a l s to create a f i l e conta in ing macroscopic i n t e g r a l s . MINTl reads the 
macroscopic data f i l e and the t r i a l funct ion product Integral f i l e s and wri tes 
the macro-weighted in tegra l f i l e . An a u x i l i a r y macroscopic data f i l e i s wr i t t en 
by t h i s over lay when a r e s i d u a l c a l c u l a t i o n has been requested. Several 
a u x i l i a r y macro-weighted in tegra l f i l e s are wr i t t en when a fa s t rod-search Is 
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MIX COEFF. (11,0) 
MIXCNT MTRMPY 
SCAirra MTBMP3 
CALMTR ITER 

KTRSUB wravEC 
MNFR 

SCAMTR 
VECVEC 

SCMADD 
INVRT 

This over lay performs the s y n t h e s i s s p a t i a l c a l c u l a t i o n , reading the macro-;:^igh;:r"integrals, a^r ge ; : ;ati ; ; : r eigen;^lue"w a set of-mixi^ 
c o e f f i c i e n t s . MIXCNT i s respons ib le for the o v e r a l l contro l of the i t e r a t i o n , 
s e t s up the s torage a l l o c a t i o n , performs e d i t i n g , and checks for convergence. 
The over lay reads the macro-weighted in tegra l f i l e , and wri tes an a x i a l mixing 
c o e f f i c i e n t f i l e . 

MATRICES (12 ,0 ) 
COEFO SORTO 
ROWMAC FACTOR 
HVDCPL FBGPLl 
CONSTV DOVERA 

SETCffll 
BOT90 
FRCPL2 
SI(M:PL 

CSCRIB 
DCPLl 
NORML 
INVERS 

TRANSG 
DCPL2 
DWGHTG 
ROT180 

T h i s o v e r l a y p r o d u c e s the f a c t o r e d and n o r m a l i z e d c o e f f i c i e n t m a t r i c e s f o r 
an e x p l i c i t s p a t i a l c a l c u l a t i o n i n q u a d r i l a t e r a l g e o m e t r y , r e a d i n g g e o m e t r y f i l e 
1 and the m a c r o s c o p i c d a t a f i l e , and w r i t i n g t h r e e c o e f f i c i e n t f i l e s f o r e a c h 
e n e r g y g r o u p . A u x i l i a r y f i l e s are c r e a t e d from b o t h the g e o m e t r y and 
m a c r o s c o p i c d a t a f i l e s f o r u s e o n l y i n t h i s o v e r l a y . COEFQ i s the o v e r a l l 
c o n t r o l r o u t i n e . 

COEFF. ( 1 3 , 0 ) 

COEF SORT NORM 

This over lay i s the contro l for the c a l c u l a t i o n of the factored 'and 
r^c^^iiular alTiV^llnil ^ o m l tr1es*°''The*'over!lyiriadssgeo^e Jry*"?! le l f a n d the 
macroscopic data f i l e , and wri tes three c o e f f i c i e n t f i l e s for each energy group. 
COEF i s repons ib le for the o v e r a l l control of the c a l c u l a t i o n and a l l o c a t i o n of 
s torage . COEF a l s o wr i te s an a u x i l i a r y geometry f i l e in hexagonal geometry. 
COEF c a l l s one of the two a s s o c i a t e d secondary over lays depending on geometry 
L T r ; s c o J ? r i l t 7 f i ; : i ^ ? o r a C e t ^ ^ t t i i r o v S r l ^ y . t*̂ ^ ^^^^'''^al geometry and 

RECTANGLE (13,1) 
COFROW DELINT SIGINT DMY51 
This overlay computes coefficients for rectangular geometry. COFROW is the 

control routine for the calculation of coefficients for a single row of the 
rectangular grid. 

HEXAGON ( 1 3 , 2 ) 

HEXROW HEXDEL HEXSIC DMY52 

Thi s o v e r l a y computes c o e f f i c i e n t s f o r h e x a g o n a l g e o m e t r y . HEXROW i s the 
c o n t r o l r o u t i n e f o r the c a l c u l a t i o n o f c o e f f i c i e n t s f o r a s i n g l e row o f the 
h e x a g o n a l g r i d . 
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OMEGA (15.0) 
OMEGA WNNERS WNVERT 
WLL0C3 WLL0C4 WLL0C5 
WNDSTK WAST3D WUDGER 
STRATG WCPLNG WSUBST 
SCPROD 

WLLOCl 
WCANDO 
WRESID 

WLL0G2 
WNIT3D 
WNPRNT 
WBELAX 

This over lay reads the c o e f f i c i e n t matrix f i l e s and c a l c u l a t e s the 
e igenva lues of the Gauss-Seldel I t e r a t i o n matrices for use in the e x p l i c i t 
s p a t i a l c a l c u l a t i o n . OMEGA i s the o v e r a l l contro l rout ine . WNNERS c o n t r o l , the 
inner i t e r a t i o n s for one sweep of the mesh. WNVERT i s the contro l rout ine for 
invers ion one l i n e of the mesh. 

TSRATION (17,0) 
I'TORAT INITSC GRPSRC INNERS OUTERS 
EXTRAP INVERT TOTRUE ALLOC1 ALL0C2 
ALLOC3 AI,TXK:4 AT.T,0C5 MONFOR PREDCT 
INIT3D ENDSTK LAST3D FUDGER SCRIBR 
INPRNT DELCPL CPLING SUBST RESID 
RFir.AX 

This o v e r l a y performs the e x p l i c i t s p a t i a l c a l c u l a t i o n for a l l geometr ies . 

FLUX/POWKU (20,0) 
POWCON FLXCON 
AXINT PTHRE 
INTCON ONEDIM 
CONPLN ADDECS 
NEWGFL CONT2D 
ODAD3D FINPOW 

COMCON 
MIXINT 
ETODSK 

COMBIN 
FLXIN2 
TWODRC 
TWODHX 
UNTSET 

PNTSYN 
GETFAC 
RECT3D 

This o v e r l a y c a l c u l a t e s the integrated f lux over gross and f ine d e p l e t i o n 
blocks for each energy group. The over lay a l s o c a l c u l a t e . « r o . . and f ine block 
power. POWCON 1 . the o v e r a l l contro l r o u t i n e . POWCON c a l l . FLXCON, which Is 
the contro l rout ine for s y n t h e s i s f l u x in tegrat ion and a l s o for generat ion of 
polntwise f lux in s y n t h e s i s p r o b l e m . The Integrat ion of the polntwise f lux in 
E l i c i t problems ' T . c o n t r o l l e d by INTCON,'^ich c a l l s s e S r a t e rout ines to 
perform the i n t e g r a t i o n for one-dimenslonal problems, and each of two- and 
per m in egr hexagonal, and quadri latera l problems. Gross 

f Inx 
three-dimensional rectangular , IToll ^ - r i s - ^ l t t ^ n b ^ ^ P W , " : S r h reids t L ^ s . ^ M ^ c r ^ ^ U f 
F ? i p o r : : i i c i ^ r e i d s ^ r f i : i ^ o c i * T n | : ^ a { i i " i u x f ' ? i ^ " '""*•'- by concentre tions, 

MACRO EDIT (21,0) 
IKTBSRALS (21,0) 

iNTTarr JCHECK FINDR6 SKXDT 
EDFLDX EDKSF EDSIGA KINFIN 
INDBDC DEPBUC AVERAG EDFLWT 
AXIALE DEDWP OlAPHA GETFCT 

RECINT 
KEFFEC 
EDITAL 

This overlay 1 . c a l l e d to (1 ) perform e d i t i n g of volume-weighted 
maero.cople data , or (2) perform e d i t i n g a s s o c i a t e d with I n t e g r a l , of the f l u x 
and macroscopic data . The o v e r l a y read . the maero.cople data f i l e and 
integrated f l u x f i l e , and w r i t e s the >dit Integra ls Into a f i l e for p o s s i b l e 
sav ing in a F i l e Manager f i l e . The e d i t , in t h i . over lay . r e p r o d u c e d over the 
UMr def ined e d i t . e t a , plane grouping . , and a x i a l e d i t . . IHTEDT i . the o v e r a l l 
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control r o u t i n e . SIGEDT c o n t r o l s the e d i t i n g of the voInme-weIghted macroscopic 
data. EDITAL c o n t r o l s the ontputing of the in tegra l q u a n t t t i e s . 

DEPLETION (23 ,0 ) 

DEPLET 
DEC0D4 
RATES1 
DOEDTN 
AXIALC 
GRAPBC 

PACKER 
D£(X)D3 
DEPLTl 
DOEDTR 
.TRIJ.RR 
COLCOM 

S'lVHES 
INTPRT 
DEPLT2 
WDGEOM 
FBCUNS 

INTVAL 
ENC0D3 
EDITRT 
ECHECK 
FBDPLT 

DOINTR 
ENC0D4 
EDITNS 
CMPREG 
DEDUCC 

This o v e r l a y performs gross and f ine block d e p l e t i o n for any number of time 
i n t e r v a l s , and performs a l l e d i t i n g of microscopic data and average nucl ide 
concentrat ions that may be requested . This segment a l s o e d i t s c o l l e c t i o n and 
combination data . The over lay reads the gross and f ine block Integrated f l u x 
f i l e s , reads the gross and f ine b lock concentrat ion f i l e s , and reads the HARMONY 
data f i l e s . The gross and f ine block concentrat ion f i l e s are rewr i t t en to 
conta in the end-o f - t imes tep number d e n s i t i e s . The over lay a l s o wr i te s a s e t of 
in tegra l f i l e s conta in ing nuc l ide power. absorpt ion r a t e s , f i s s i o n r a t e s . and 

i:;is-lsT^ o^^l"L??:i*;:unnr?:rur;a!::iaJi:np!riii%^^T rSnsr 

N(T0) EDIT ( 2 4 , 0 ) 
N(T1) EDIT ( 2 4 , 0 ) 
POVER EDIT ( 2 4 , 0 ) 

EDTCAL CNTEDT EXPDID ONDEDT BALOON 
TNTEDT EDTIID DSPIPG GRAPHM HAXPOV 
BLKJTL SORTGH FBEDIT BUILDR BEFORM 
CTTLDIS DISCTL DISPLA DISEDT LINSET 
SHOVIT GETDAT ONEPLN BOBDER MAXMIN 
BEXDIS HEXEDT MAXHEX 6INPLN PKCHEV 
PAGPRT COUNTP BSTEST BOUND1 B0UND2 
HBOBDR NOROVl NOR0V2 EDGEA EDGEB 
UPKPRl ISTORA IDNPKl LNVRTl UPKPR2 
ISTOBB IUNPE2 LNVRT2 

I h l s o v e r l a y e d i t s c e r t a i n data by mesh element. The o v e r l a y i s c a l l e d in 
s evera l p laces in the PDQ08 rout ine In the root o v e r l a y to e d i t 
beg inn lng-o f - t imes tep gross and f ine block concentra t ions , end-o f - t imes tep gross 
and f ine concentra t ions , and gross and f ine b lock power. The form of the e d i t s 
produced may be meshwise e d i t s , h e i r a r c h i c a l e d i t s , or d i s p l a y e d i t s . The 
over lay reads the geometry f i l e s , the g r o s s a n d f ine block concentrat ion f i l e s , 
and the gross and f ine b l o ^ power f i l e s . EDTCAL 1s the o v e r a l l contro l rout ine 

£5mrs tSJi*isf;ol s;i?SeIsfo*^i«*e'hic:reti»s"*' cM^i^ \: - i s ^iiTt^il 
rout ine for d i s p l a y e d i t s . 

POINT EDIT (25 ,0 ) 
EDTCON NDHPIC 
PHTPLX AXEDIT 

FINDB 
EDWRIT 

PTPART 
OtAPHZ FIXFOR 

This o v e r l a y produces e d i t , for pointwlse r e s u l t s . These e d i t s Include 
s y n t h e s i s a x i a l mixing c o f f i c l e n t s and f r a c t i o n a l f lux p l o t s , po intwlse f l u x , 
p a r t i t i o n power, pointwlse avera^e power and po intwl . e peak power. The 
pointwlse f l u x f i l e s and kappa sigma tlaalon f i l e s arB read and a p a r t i t i o n 
power f i l e may be wr i t t en ( f o r p o s s i b l e e d i t i n g or sav ing in an output F i l e 
Ifanager f i l e ) . The o v e r a l l contro l rout ine 1. EDTCON. There are two a s s o c i a t e d 
secondary over l a y s , one for 1-D and 2-D problesw and the second for 3-D 
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1-D EDIT (25,1) 2-D EDIT (25,1) 
POWER1 
RHAX2 P0WER2 

Dwyiei 
EDITID P0WER3 P0WER4 

The routines in this overlay are used to edit pointwise results in 1-D and 
The control routine is EDTCON in the associated primary overlay! 2-D'problems 

3-D EDIT (25,2) 
POWERS P0WER6 RMAX3 DMyi02 
The routines in this overlay are used to edit pointwlse results in 3-D 

problems. The control routine is EDTCON in the associated primary overlay. 

RESIDUALS (26,0) 
ERRCNT RESIDL 
GRAPHN REORDR 
EDTERA ALIGNF 

EDTERR 
CONVCT 

PLOTER 
VCTMPY 

GRAPH 1 
ACCRES 

This over lay performs the opt ional s y n t h e s i s r e s idua l s c a l c n l a t i o n and 
e d i t s the r e s u l t s v ia pr inter p l o t s . ERRCNT i s the control rout ine . RESIDL is 

OUT FILES (27 ,0 ) 
OFILES FILFLX 
FILGEO FILBPW 
FILBAV FILFIG 

FILCNC 
FILINF 
SAVPRT 

FILPPW 
FILMCF 

FILITS 
FILILB 

File Manager files which are to be output are written by this overlay. 
OFILES is the control routine. SAVPRT is the editing; routine. The remaining 
routines each write one particular File Manager file reading the appropriate 
internal FTB file(s). 

DATA LINK (30,0) 
LNKCNT 
DITCOL 

DTALNK 
POWER 

MATRAN 
MTSDB 

BLTCOL ADDER 
FILR 

This overlay writes the File 
routine. 

Manager DATALINK file. LNKCNT is the control 

TBERMAL FB (31,0) 
THFCON 
DOTEMP 
IMPHEG 
DEDUCT 

GETIBD 
ENTHT.P 
IMPCMP 
GRAPHT 

INLETH 
BLKINV 
UPDATH 

THSTOR CALCT3 
POLVAL GEOMDO 
PRHTTH AXIALT 

power f TU-tIJir<1=; 
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XENON FB (33.0) 
XENCON FILMIC 
DOXEIN DEC0D5 
INTPRE DEC0D6 
GETCMP AXIALX 

FILCAM 
FIGREG 
ENC0D5 
DEDUCX 

FILINT 
EDITKE 
ENC0D6 
GRAPHX 

GETNUC 
EOUIXE 
MCHECK 
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APPENDIX D : SAMPLE PROBLEMS 

T h i s a p p e n d i x c o n t a i n s t h r e e s a m p l e p r o b l e m s i d i l c h I n d i c a t e a f e w o f the 
p r o b l e m o p t i o n s a v a i l a b l e and t h e p r i n t e d o u t p u t o b t a i n e d from s u c h p r o b l e m s . 
In e a c h p r o b l e m , t h e Input d a t a I s l i s t e d s o t h a t the u s e r may r e p r o d u c e t h e s e 
e x a m p l e s b y r u n n i n g a p r o b l e m u t i l i z i n g the l i s t e d d a t a . 

The f i r s t s a m p l e p r o b l e m I s a two - d i m e n s i o n a l r e c t a n g u l a r g e o m e t r y 
d e p l e t i o n p r o b l e m . T h i s p r o b l e m I n c l u d e s a n e d i t b y mesh e l e m e n t o f the f i n e 
b l o c k c o n c e n t r a t i o n s f o r one n u c l i d e b o t h b e f o r e and a f t e r d e p l e t i o n . Some 
i n p u t e d i t s a r e i n c l u d e d t o s h o w t h e form o f s u c h e d i t s . The d e p l e t i o n p e r f o r m s 
f i v e thermal - f l u x n o r m a l i z a t i o n p a s s e s , e a c h f o r a v e r y s h o r t d e p l e t i o n 
i n t e r v a l s i m p l y t o s h o w t h e r e s u l t s o f s u c h a c a l c u l a t i o n . S e v e r a l I n t e g r a t e d 
n u c l i d e q u a n t i t i e s a r e e d i t e d . The p o l n t w i s e and meshwise power i s e d i t e d a s i s 
the p o i n t w l s e f l u x f o r a s u b s e t o f the e n e r g y g r o u p s . 

The s e c o n d s a m p l e p r o b l e m i s a s m a l l t h r e e - d i m e n s i o n a l p r o b l e m w i t h 
t e m p e r a t u r e f e e d b a c k . The s p e c i a l program o p t i o n to s u p r e s s page e j e c t i o n s i s 
u s e d to c o m p r e s s a l l e d i t i n g . No InpiH e d i t s a r e i n c l u d e d ( t h e d e f a u l t 
c o n d i t i o n ) and the f l u x - w e i g h t e d i n t e g r a t i o n d a t a I s r e s t r i c t e d to p r i n t p 
s u b s e t o f the d a t a . Thermal - h y d r a u l i c r e s u l t s a r e e d i t e d . T h i s p r o b l e m 
u t i l i z e s s u b - c a s e s t o run the i d e n t i c a l p r o b l e m a t two d i f f e r e n t power l e v e l s . 

The t h i r d sample p r o b l e m i s a t h r e e c a s e p r o b l e m . The g e o m e t r y o f t h i s 
p r o b l e m i s t h r e e - d i m e n s i o n a l r e c t a n g u l a r and Is a c o m b i n a t i o n o f e x p l i c i t and 
s y n t h e s i s c a s e s . The f i r s t c a s e i s an e x p l i c i t s o l u t i o n w i t h the number o f 
o u t e r i t e r a t i o n s r e s t r i c t e d a r b i t r a r i l y to f i v e . T h i s c a s e I s run o n l y t o 
o b t a i n a p o i n t w l s e f l u x f i l e , t h e p l a n e s o f w h i c h a r e u t i l i z e d a s t r i a l 
f u n c t i o n s i n the s e c o n d c a s e w h i c h i s the s y n t h e s i s p r o b l e m . A p o i n t w l s e f l u x 
f i l e i s g e n e r a t e d and s a v e d i n t h e s y n t h e s i s c a s e and t h e n u s e d a s a f l u x guess 
for the t h i r d c a s e ^ i c h o b t a i n s a c o n v e r g e d e x p l i c i t s o l u t i o n . V a r i o u s o u t p u t 
f i l e s a r e w r i t t e n , b o t h s e c t i o n e d and n o n - s e c t i o n e d f i l e s . The s p e c i a l program 
o p t i o n to s u p r e s s page e j e c t i o n s i s u s e d to compres s a l l e d i t i n g . An e d i t and 
p r i n t e r p l o t o f the maximum power b y p l a n e i s I n c l u d e d In the f i r s t two c a s e s . 
A l l I n t e g r a t i o n e d i t i n g I s s u p r e s s e d i n t h i s p r o b l e m . In the s y n t h e s i s c a s e , 
the m i x i n g c o e f f i c i e n t s a r e p r i n t e d and the f r a c t i o n a l f l u x c o n t r i b u t i o n s a r e 
p r i n t e r p l o t t e d . The s y n t h e s i s r e s i d u a l s a r e c a l c u l a t e d and e d i t e d i n the 
s e c o n d c a s e . 
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eeei 
•002 
a008 
0004 

0005 
0006 
0007 

0008 

0009 

0010 

0011 
0012 
0013 
0014 

0018 

0019 
0020 

0021 
0022 
0023 
0024 
0025 

•MttOOOOtMOMOMttO /BEGIN/ CARD INPUT DATA FOR CASE 1 
> SAMPLE PROBLEM FOR PDft-B DEPLETION 

* 
*** MASTER CONTROL INPUT 

* 
010001,2,0,4.1,1,1,1,9.9.-2,11.13,1,0,0 
010002,1.1,1,1 
010003,11+1.28-2 
010004.7516S-I-0.248175+0,0+0,0+0 

* 
»»* POINTWISE EDIT REQUESTS 

* 
010005,0,11,0.13,0,0,0,0,1,1 
010006.1,6.1,12,0.0,1,1,1 
010007,1,6,1,12 
*** MASTER DEPLETION DEFINITIONS 
010008,0+0,5+2,1+2,15994+5 
*** PICTURE EDIT REQUESTS 

* 
010009,0,1 

* 
*** INPUT SUMMARY EDIT REQUESTS 
» 

010010,0 , /4 / l 
* 

*** ISOTOPIC INTEGRATION EDITS 
010110,POWER NUG,UFUEL,U 238,U 236.().EHPTr.XE:i35 
010120.ABSORP,UFUEL.U 238.U 236 
010140.ATOM UFUEL,UFUEL.O,V0LFUEL,ND-6,ND-7 
010190.FOUR.4.0,THREE,3.0,PI,3.14159.FOURTEEN.14.0 
e!Sl2i:i8:iS.29,6,7 
010131,18.20 
010141. -18 . -19 . -20 .18 .19 .20 ,24 ,25 ,26 ,27 ,28 ,29 ,6 ,7 
4c 

*** POINTWISE ISOTOPIC EDIT REQUESTS 

*** ISOTOPIC COMBINATION EDITS 
* 
010191,P0W/ABS,POWER NUC,(/),ABSORP.ZERO,ABSORP,(-),ABSORP 
010192,UNITY.POWER NUC,(/).POWER NUC 
010193.14»UNITY.F0URTEEN.(*),UNITY,PI+UNITY,PI,(+),UNITY 
010194.4il:*3, FOUR, ( »») , ITIREE 
010195,CONG UFUEL,ATOM UFUEL,(/),VOLFUEL 

* 
*** INTEGRATION EDIT-SET DESCRIPTIONS 

iMOtOOSS«SS«t««««S«« 
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* 
0026 014001,1,0,1,-9 

*** MESH SPACIN(» 
4c 

0027 050101,795+0,1,18055+1,2,36101+1,3,10833+1,6,1016+1,7,3175+0,8 
0028 050102,52917+0,11 
0029 050201,9944+0,1,18631+1,2,3175+0,3,7455+0,4,1905+0,5,1204+1,6 
0030 050202,1905+0,7,11303+1,8,22606+1,10,56515+0,12,9525-1,13 

*** FINAL FIGURE LAYDOVN 
0031 170001,01,010,0.0,0,0 

*** FINE BLOCKING REGION DEFINITIONS 
0032 150001,8,9 

*** DEFAULT CHANNEL BIASES 
0033 160000,1 

*** DEFAULT CHANNEL/TRACK IDENTIFICATIONS 
0034 700000.1 

4c 
*** BASIC FIGURE DEFINITIONS 
4c 

0035 801000,11,13.01,0.02 
0036 801001,4,0,6,0,1, 5,6,11,0,2, 3,0,1.1.13, 9,1.4,1.12. 8.4.6.1.12 
0037 801002,7,1,4,4,5. 6.4.6,4,5. 7.1,4.12,13, 6,4.6,12,13. 2,6,7,2,13 
0038 801003,1,7,11,2,13 

4c 
*** HARMONY INPUT 

4c 
4C4C4C BUCKLING 

0039 080001,2-2,5,0+0,7,2-2,9 
4c 

4C4C4C CHAIN LISTS 
0040 090001,0,5,1,7.2,9 
0041 090101,6 
0042 090201,1,2,3,4,5,7.8 

4c 
4C4C4C INITIAL CONCENTRATIONS 

4c 
0043 100061.29,26253-2 
0044 100071,29,26253-2 
0045 100081,18,27991-3,20,19778-4,6,1+1 
0046 100091.18.62441-3.20.44121-4.7,1+1 

4c 
4C4C4C TABLE SET ASSIGNMENTS 

i 
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0047 110001,1.1.2,2.3.3,4.4.5.5.6.6.7,7,9,9 
4c 

4C4C4C TABLE OVERLAYS 
4c 

0048 112101,7,29,6,-6 
0049 112201,7,29,6,-6 
0050 115401,8,2,18,20,26,27,28,8,-8 
0051 115402,8,4.18,20,8,-8 

4c 
4C4C4C DEFINITION OP MASKS 
4c 

0062 120100,1,1,0 
0053 120111,18,1,1+1 
0054 120200,1,4,0 
0055 120211,29,1,1+1,5+0,1+0,0+0 

4c 
4;4c4c FUNCTION TABLE DEFINITIONS 

4c 
0056 130010 
0057 130020 
0058 130030 
0059 130040 
0060 130050 
0061 130011 
0062 130021 
0063 130031 
0064 130041 
0065 130051 
0066 130060 
0067 130070 
0068 130080 
0069 130090 
0070 130100 
0071 130110 
0072 130120 
0073 130130 
0074 130061 
0075 130071 
0076 130081 
0077 130091 
0078 130101 
0079 130111 
0080 130121 
0081 130131 

4C4C4C MASTER NUMERIC 
4: 

0082 300001,-18,19,-20,25,27,24,26.28.29,6,7 
4C4C4C MASTER LIST OF ATOMIC VEIGHTS BY NUCLIDE 

0083 3^0301,235.,236.,238.,1.,1.,1.,1.,1.,1.,1.,1. 

,5,18,2,4,1,0,18,4 
.5,20,2,4,1,0,20,4 
,5,26,2,4,1,0 
,5,27,2,4,1,0 
,5,28,2,4,1.0 
,116506+1 
, 11431+1 
,124082+1 
,127765+1 
,114553+1 
,4,29,1,3,3,0 
,4,29,1,4,3,0 
,4,29,2,3,3,0 
,4,29,2,4,3.0 
,4,29,1,3,3,0 
,4,29,1,4,3,0 
,4,29,2,3,3.0 
,4,29,2,4,3,0 
,275715537+2,20852877+2,325525044+1,-392833834+1 
,189838621+4.16665308+4.135776392+4,120900722+4 
,129856313+3.136716537+3.1436119938+3,1455269873+3 
,1159398544+4,1433229964+4,1744933892+4,1840208738+4 
,257453243+2,190788322+2,179432788+1,-523450018+1 
,162857578+4,144658245+4,129131913+4,12411991+4 
,1215216165+3,1275998271+3,1349436217+3,1374349598+3 
,1069615282+4,1296683283+4,1571085796+4,1659494153+4 

IDENTIFICATION OP NUCLIDES 
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« 
4t4c4e MASTER ALPHANUMERIC IDENTIFICATION OF NUCLIDES 
4c 

0084 300501,UFUEL,U 236,U 238,I 135,XEi35,PH149.SM149, 
0085 300502,FP l,B-10,ND-6,ND-7. 

« 
4C4C4C DEPLETION CHAIN DEFINITIONS 

4c 
0086 301000,2,1,500. 
0087 301011,18,0,0. 
0088 301021.19,0,1-09.2.18.1+1 
0089 302000.1.1.1000. 
0090 302011.20.0.0. 
0091 303000,2.2.2000. 
0092 303011.25.0,288-4,5.18..06 
0093 303021.27.0.211-4.3.25.1+1.5.18.3-2.5.20.3-2 
0094 304000,2,2.3000. 
0095 304011,24,0.385-8,5.18.14-1,5.20.14-1 
0096 304021,26,0.0+0,1.24.1+1 
0097 305000,1.2,4000. 
0098 305011,28.0,0+0.4,28,0+0,5,18.1+1 
0099 306000,1.1,50. 
0100 306011,29,0.0+0 
0101 307000,1.1,4000. 
0102 307011,6,0,0+0.4,6,0+0 
0103 308000,1,1.4000. 
0104 308011,7,0,0+0,4,7.0+0 

4c 
4C4C4C TABLESET DEFINITIONS 
4c 
4C4C4: MASTER MACRO. MASTER MICRO. AND FUNCTION TABLE USE DEFINITION 
4e 

0105 401000.1 
0106 40ieOl.NON-DEPLETABLE COMP. 1 
0107 401100.2557173+1.1161-2.86973-1 
0108 401200.1313644+1.1-4.120506+0 
0109 401300.7383812+0.769-3.122577+0 
0HO 401400,2834006+0.1178-1,0+0 
0111 402000.2 
0112 402001.NON-DEPL. 2 
0113 402100,224481+1,1723-2.56966-1 
0114 402200.1131894+1.486-3.57258-1 
0115 402300.9121025+0.1592-2.57858-1 
0116 402400,4272003+0,8247-2.0+0 
0117 403000,3 
0118 403001,ND 3 
0119 403100,2171213+1,1804-2.47127-1.0+0.0+0 
0120 403200.1093854+1,617-3.40083-1.0+0.0+0 
0121 403300.9845120+0.16-2,40139-1,0+0,0+0 
0122 403400.5287002+0.1124-1,0+0,0+0,0+0 
0123 404000.4 
0124 404100.2122374+,11817-..i,40193-1 
0125 404200,1072099+1,702-3,28965-1 
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0126 404300,1040113+1.1546-2.28618-1 
0127 404400.6265008+0.6582-2.0+0 
0128 408000.8 
0129 408100,2107081+1.1812-2.37979-1 
0130 408200,1068996+1.727-3.28608-1 
0131 408300.1088473+1.1518-2.28132-1 
0132 408400.1871292+0.6371-2.0+0 
0133 406000.7 
0134 40600l.B-10 COMP 7 
0135 406100..0133333333.0+0.0+0 
0136 406200..0133333333.0+0,0+0 
0137 406300.171379-1,242888-3,0+0 
0138 406400.4840866667-1.-412601-2,0+0 
0139 406101.29.0+0.427113091+0,0+0 
0140 406201.29.0+0,217929379+1.0+0 
0141 406601.2.10,11,12.13 
0142 407000.6 
0143 407001,8-10 COMP 6 
0144 407100,.0133333333,0+0,0+0 
0145 407200,.0133333333,0+0,0+0 
0146 407300,1728143333-1,544919-3,0+0 
0147 407400,7190666667-1,109639-1,0+0 
0148 407601,2,6,7,8,9 
0149 408000,9 
0180 408001,COMP 9 
0181 408100,0+0,0+0,0+0 
0182 408200,0+0,0+0.0+0 
0183 408300.0+0.0+0.0+0 
0184 408400.0+0.0+0.0+0 
0188 408101.6.14906+0.17465-2,83928-1 
0186 408201.6.29605+0.51557-3.51973-1 
0157 408301.6.356+0,153-2,52438-1 
0158 408401,6.59577+0.646-2,0+0 
0159 408102,7.14789+0.17362-2,53809-1 
0160 408202,7,29399+0,50188-3,51988-1 
0161 408302.7,35430+0,16139-2,52376-1 
0162 408402,7,51796+0,55710-2,0+0 
0163 408103,18,567+1,1245+1,1306+1.1117+1,2769919427+1.31678-10 
0164 408203,18,9476+1.2073+1,-77+0.1628+1.248+1.31678-10 
0165 408303,18.9900+1.3400+2,-168+2,22388+2,2459969888+1.31675-10 
0166 408403,18,31152+3,2896+3,0+0.2437+3.2470004103+1.31875-10 
0167 408104.20.5046+1.41+0,156+1.344+0.2703488372+1.31717-10 
0168 408204,20,904+1.23+0.-55-1 
0169 408304,20,2+1.23+2.-11+2 
0170 408404,20,11275+2.1258+1,0+0 
0171 408405,26,4522+5,4522+5,0+0 
0172 408406,27,1275+7,1275+7,0+0 
0173 408407,28,4652+2,4652+2,0+0 
0174 409000,8 
0175 40900l,G FOR 8 ONLY 
0176 409601,1,1,2,3,4,5 

••«»0«S»OtO«SOSStt«S0 //END// CARD INPUT DATA FOR CASE 1 tM«««M««M«M«»M«« 
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P R O B L E M I N P U T D E S C R I P T I O N 

PROGRAM IDENTIFICATION - - :p^GRAM7viRSION-Dlli)"-"pBQ08(wIp^TO:ii66)" '- Coin.^R"-"cM:7600 
SPATIAL DESCRIPTION - - - ' - ' m R l T m N SOLu^ION'-'ETcOVAZui ~- " WjOim lol^lW-'m 
FEW-GROUP DESCRIPTION - - I " " ~^^m OT GR^U^s"- 4 ~ ;AiT"G^^"-"p:i 

: I ^ « ^ £^"!^- ' : SOLUTION GROUPS- 4 
GEOMETRY PARAMETERS DIMENSIONALITY, TYPE - 2-D RECTANGULAR - BLOCK MESH TYPE - (WOSS/FINE COMPOSITIONS - REGIONS (1 TO 1) - INPUT MESH UNITS - CENTIMETERS - LARGEST FINAL FIGURE - 1 -LARGEST PLANAR REGION - 9 - LARGEST COMPOSITION - 9 - COLUMN BOUNDARY - 11 ROW BOUNDARY - 13 - PLANE BOUNDARY - 1 MESH ELEMENTS - 143 - MESH POINTS - 168 MESH GROUP-POINTS - 672 - SOLUTION POINTS - 168 - NON-SOLUTION POINTS - 0 -SOLUTION GROUP-POINTS - 672 
BOUNDARY CONDITIONS - - - = CoZui^N' 'o'-'zERO CU^R^^ - COZWIN' L'-'zil^ ^U^R^NT " " 

: Be^_ _®.-.Z?«? CURRENT - ROW_ 13_-_ZER0 CURRENT 
ITERATION PARAMETERS INPUT EIGENVALUE - 110000+01 -CONVERGENCE PARAMETER - 250000-02 CHI(GROUP 1) - 751650+00 - CHI(GROUP 2) - 248175+00 CHI(GROUP 3) - 000000+00 - CHI(GROUP 4) - 000000+00 
DEPLETION PARAMETERS - • - '- BEGIN-TIME'-'O^OOOO+OO'HOU^" " - EN^TIME-"500000+02"HOU;S" 

- _ DEPLETION INTERVAL_-_500000+02_HOURS_ _ _ POWER_LEVEL_-_159940+05_WATIS_ 
DATA STORAGE ALLOCATIONS " : _ _ _ CENTOAL MEMORY_-_ _ _31199_W0RDS_ _ _ : _ _ E^NDED MEMORY_-_ _ _98304_WORDS_ 
BLOCKING COUNTS _ TOTAL GROSS BLOCp_- 9 - _ _T0TAL_F1NE BLOCp_- SO 
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REGION PICTURE 

000 002 004 006 008 010 

0 0 2 

0 0 4 

006 4: « 

;54i;inr5r54;sr;rs8i8i;; 
*******jrs;sns0s os os os OBJ 

4c 4:4»|e4e4!4c4c4c4c4c4c4:4c4c4:4c 
0 9 0 9 * 0 8 O84C024CO1 01 O l O l * 

. 0 « o . a « . « . « , . « , e i 01 « -

10101 

0 1 0 1 

1 0 1 01 

1 01 01 

4e 4e4:4c4c4c4c4C4c4c4c4c4c4c4c4c4c * 
4C034C07 0 7 074C06 O64c024cO 
4c 4e4c4c4c4c4c4c4c4:4c4c4c4c4c4c4c 4c 
«034c09 0 9 0 9 4 : 0 8 084:024cOl 

* * * 
3|cvo^v9 "v" w9*wo Wo^v2'^01 

4C034CO9 0 9 094C08 084cO24c0] 
0 0 8 4c 4e 4e 4c 4c 

4:O34c09 0 9 094:08 084:024:01 0 1 0 1 
4c 4c 4c 4c 4c 
4CO34C09 0 9 094C08 084c024:Ol 0 1 0 1 
4c 4c 4c 4C 4c 
4cO34:09 0 9 094c08 084c024cOl 0 1 0 1 

4CO34C09 09 094(08 084c024cOl 01 01 014c 
012 4c **************** * * 

4e034c07 07 O74C06 064:024:01 01 01 014: 
4:4c4:4c4c4:4c4c4c4C4c4c4c4c4c4c4c4c4:4c4c4c4c4c4:4c4c4c4:4c4c4:4c4c 

0IO 

4c 
014C 

* 
91* 

* 
014: 

4c 
014C 

4c 
014C 

4c 
014c 

4c 
014C 

4c 
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COMPOSITION 

8 
9 

C A R D - I N P U T N U C L I D E C O N G E N T R A T I O I I E D I T 
UFUEL 
DENSITY 
2799100-03 
6244100-03 

U 236 
DENSITY 
0000000+00 

U 238 
DENSITY 
1977800-04 
4412100-04 

I 138 
DENSITY 
0000000+00 
0000000+00 

XE135 
DENSITY 
0000000+00 
0000000+00 

PH149 
DENSITY 
0000000+00 
0000000+00 

SH149 
DENSITY 

0000000+00 

FP 1 
DENSITY 

0000000+00 
0000000+00 

C A R D - I N P U T N U C L I D E C O N C E N T R A T I O N E D I T 
IITION B-10 ND-6 ND-7 

DENSITY DENSITY DENSITY 
6 2628300-02 AAAAAAAx AA 0000000+00 
7 2628300-02 0000000+00 0000000+00 
8 0000000+00 1000000+01 0000000+00 
9 0000000+00 0000000+00 1000000+01 
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SAMPLE PROBLEM 1 

-18 = UFUEL 
26 = SMI 49 

19 - U 236 
28 = FP 1 

H A R M O N Y - I N P U T E D I T 
NUCLIDE IDENTIFICATIONS 

(NEGATIVE ID DESIGNATES A FINE BLOCK NUCLIDE) 
-20 = U 238 
29 = B-10 25 = I 135 

6 = ND-6 
27 = XE135 
7 = ND-7 

24 = PM149 

AREA-RATIOS FOR COMPOSITIONS 1 - 9 
(001) 100000+01 100000+01 100000+01 100000+01 100000+01 100000+01 100000+01 100000+01 100000+01 

TABLE SET IDENTIFICATION 
1 NON-DEPLETABLE COMP. 1 
2 NON-DEPL. 2 
3 ND 3 
4 
5 
7 B-10 COMP 7 
6 B-10 COMP 6 
9 COMP 9 
8 G FOR 8 ONLY 

TABLE USAGE BY COMPOSITION 
COMP. TABLE SET GROUP NUCLIDE TYPE ORDER TABLE NO. 

1 1 MASTER MACRO 32767 
2 2 MASTER MACRO 32766 
3 3 MASTER MACRO 32765 
4 4 MASTER MACRO 32764 
5 5 MASTER MACRO 32763 
6 
6 
6 
6 
6 
6 
6 

6 
7 
7 
6 
6 
6 
6 

MASTER MACRO 
MASTER MICRO 
MASTER MICRO 
INTERP MICRO 
INTERP MICRO 
INTERP MICRO 
INTERP MICRO 

1 
2 
3 
4 
3 
4 

29 
29 
29 
29 
29 
29 

1 
1 
2 
2 

3 
3 
3 
3 

32754 
32761 
32760 
32753 
32752 
32751 
32750 

7 MASTER MACRO 32762 
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COMP. TABLE SET GROUP NUCLIDE TYPE ORDER TABLE NO. 
7 7 MASTER MICRO 1 29 32761 
7 7 MASTER MICRO 2 29 32760 
7 7 INTERP MICRO 3 29 1 3 32758 
7 7 INTERP MICRO 4 29 1 3 32757 
7 7 INTERP MICRO 3 29 2 3 32756 
7 7 INTERP MICRO 4 29 2 3 327SS 
8 9 MASTER MACRO 32749 
8 9 MASTER MICRO 1 6 32748 
8 9 MASTER MICRO 1 7 32747 
8 9 MASTER MICRO 1 18 32746 
8 9 MASTER MICRO 1 20 32745 
8 9 MASTER MICRO 2 6 32744 
8 9 MASTER MICRO 2 7 32743 
8 9 MASTER MICRO 2 18 32742 
8 9 MASTER MICRO 2 20 32741 
8 9 MASTER MICRO 3 6 32740 
8 9 MASTER MICRO 3 7 32739 
8 9 MASTER MICRO 3 18 32738 
8 9 MASTER MICRO 3 20 32737 
8 9 MASTER MICRO 4 6 32736 
8 9 MASTER MICRO 4 7 32735 
8 9 MASTER MICRO 4 18 32734 
8 9 MASTER MICRO 4 20 32733 
8 9 MASTER MICRO 4 26 32732 
8 9 MASTER MICRO 4 27 32731 
8 9 MASTER MICRO 4 28 32730 
8 8 INTERP G 4 18 2 1 I 32728 
8 8 INTERP G 4 20 2 1 I 32727 
8 8 INTERP G 4 26 2 1 I 32726 
8 8 INTERP G 4 27 2 1 32725 
8 8 INTERP G 4 28 2 1 I 32724 
8 8 INIERP G 4 18 4 1 I 32728 
8 8 INTERP G 4 20 4 1 1 32727 
9 9 MASTER MACRO 32749 
9 9 MASTER MICRO 1 6 32748 
9 9 MASTER MICRO 1 7 32747 
9 9 MASTER MICRO 1 18 32746 
9 9 MASTER MICRO 1 20 32745 
9 9 MASTER MICRO 2 6 32744 
9 9 MASTER MICRO 2 7 32743 
9 9 MASTER MICRO 2 18 32742 
9 9 MASTER MICRO 2 20 32741 
9 9 MASTER MICRO 3 6 32740 
9 9 MASTER MICRO 3 7 32739 
9 9 MASTER MICRO 3 18 32738 
9 9 MASTER MICRO 3 20 32737 
9 9 MASTER MICRO 4 6 32736 
9 9 MASTER MICRO 4 7 32735 
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COMP. TABLE SET GlOUP NUCLIDE TYPE ORDER TABLE NO. 
9 9 MASTER MICRO 4 18 
9 9 MASTER MICRO 4 20 
9 9 MASTER MICRO 4 26 
9 9 MASTER MICRO 4 27 
9 9 MASTER MICRO 4 28 

32734 32733 32732 32731 32730 
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EDIT SET 1 FIGURE 001 REGION 001 REGION 
EDIT SET 8 FIGURE OOl 005 

EDIT SET 

EDIT SET 

E D I T - S E T D A T A E D I T 
2 FIGURE REGION 
6 FIGURE REGION 

001 002 
001 006 

EDIT SET 

EDIT SET 

3 FIGURE 001 REGION 003 
7 FIGURE REGION 001 007 

EDIT SET 

EDIT SET 

4 

8 

FIGURE REGION 
FIGURE REGION 

001 004 
001 008 

EDIT SET 9 FIGURE 001 REGION 009 
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SAMPLE PROBLEM 1 

UFUEL FINE BLOCK CONCENTRATION AT 0. HOURS PLANE 0 

2 3 4 

2 

8 

10 
11 
12 

624410-03 
624410-03 
624410-03 
000000+00 
624410-03 
624410-03 
624410-03 
624410-03 
624419^03 
624410-03 
624410-03 

624410-03 
624410-03 
624410-03 
000000+00 
624410-03 
624410-03 
624410-03 
624410-03 
624410-03 
624410-03 
624410-03 

624410-03 
624410-03 
624410-03 
000000+00 
624410-03 
624410-03 
624410-03 
624410-03 
624410-03 
624410-03 
624410-03 

279910-03 
279910-03 
279910-03 
000000+00 
279910-03 
279910-03 
279910-03 
279910-03 
279910-03 
279910-03 
279910-03 

3 4 

8 6 
279910-03 
279910-03 
279910-03 
000000+00 
279910-03 
279910-03 
279910-03 
279910-03 
279910-03 
279910-03 
279910-03 
5 6 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 1 

8 
4 
8 
6 
7 

9 

1 



PDQr-8 REFERENCE MANUAL 
APPENDIX D 

(8/78) Page 14 
SAMPLE PROBLEM 1 

M A C R O S C O P I C D A T A E D I T 
VOLUME-WEIGHTED AVERAGE MACROSCOPIC DATA 

EDIT GROUP 1 
SET D SIGMA A SIGMA R NU SIGMA F K SIGMA F BUCKLING 

1 28871730+01 11610000-02 86973000-01 00000000+00 00000000+00 20000000-02 
2 22448100+01 17230000-02 86966000-01 00000000+00 00000000+00 20000000-02 
3 21712130+01 18040000-02 47127000-01 00000000+00 00000000+00 20000000-02 
4 21223740+01 18170000-02 40193000-01 AAAAAAAAx AA vWWWWWWW~ WW 00000000+00 20000000-02 
8 21070810+01 18120000-02 37979000-01 00000000+00 00000000+00 20000000-02 
6 11213000-02 00000000+00 00000000+00 00000000+00 00000000+00 
7 11213000-02 AAAAAAAAx AA WW W W W ~ WW 00000000+00 00000000+00 00000000+00 
8 22112120+01 21030969-02 84324416-01 88443508-03 10119280-13 20000000-02 
9 21979997+01 25316801-02 84693308-01 19729571-02 22573623-13 20000000-02 

VOLUME-WEIGHTED AVERAGE : MACROSCOPIC DATA 
EDIT GROUP 1 
SET D SIGMA A SIGMA R NU SIGMA F K SIGMA F BUCKLING 

1 13136440+01 10000000-04 120SO6O0+00 00000000+00 00000000+00 2000^000-02 
2 11318940+01 48600000-03 57258000-01 00000000+00 00000000+00 20000000-02 
3 10938540+01 61700000-03 40083000-01 00000000+00 00000000+00 20000000-02 
4 10720990+01 70200000-03 28965000-01 00000000+00 00000000+00 20000000-02 
8 10659960+01 72700000-03 25608000-01 00000000+00 00000000+00 20000000-02 
6 25000000+02 57213000-02 00000000+00 00000000+00 00000000+00 00000000+00 
7 28000000+02 57213000-02 00000000+00 00000000+00 00000000+00 00000000+00 
8 11182702+01 11003724-02 51756382-01 11280373-02 14407493-13 20000000-02 
9 11099798+01 18064298-02 51504778-01 25163723-02 32139553-13 20000000-02 

VOLUME-WEIGHTED AVERAGE ; MACROSCOPIC DATA 
EDIT GROUP I 
SET D SIGMA A SIGMA R NU SIGMA F K SIGMA F BU(nCLING 

1 73838120+00 76900000-03 12257700+00 00000000+00 00000000+00 20000000-02 
2 91210250+00 15920000-02 57858000-01 00000000+00 00000000+00 20000000-02 
3 98451290+00 40139000-01 00000000+00 00000000+00 20000000-02 
4 10401130+01 15460000-02 28618000-01 00000000+00 00000000+00 20000000-02 
8 10584730+01 15180000-02 25132000-01 00000000+00 00000000+00 20000000-02 
6 37175398+01 34145670+00 00000000+00 00000000+00 00000000+00 
7 39341997+01 31927328+00 AAAAAAAAx AA WWWWWWWW^vW 00000000+00 00000000+00 00000000+00 
8 92899505+00 11501834-01 47601927-01 18398080-01 19822936-12 20000000-02 
9 92446244+00 23858623-01 41587904-01 34342850-01 44220070-12 O A A A A A A A . A O * W w wl| w W™ V ^ 
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SAMPLE PROBLEM 1 

VOLUME-VEIGHTED AVERAGE MACROSCOPIC DATA 
EDIT 
SET D SIGMA A 

GROUP 1 
SIGMA R NU SIGMA F K SIGMA F BUCKLING 

1 28340060+00 11780000-01 00000000+00 00000000+00 00000000+00 20000000-02 
2 42720030+00 82470000-02 00000000+00 00000000+00 00000000+00 

20000000-02 
3 52870020+00 11240000-01 00000000+00 00000000+00 00000000+00 20000000-02 
4 62650050+00 65820000-02 00000000+00 00000000+00 00000000+00 20000000-02 
5 18712920+00 63710000-02 00000000+00 00000000+00 00000000+00 20000000-02 
6 65931660-01 30547329+01 00000000+00 00000000+00 00000000+00 00000000+00 
7 77144267-01 28039350+01 00000000+00 00000000+00 00000000+00 00000000+00 
8 48790681+00 10093046+00 00000000+00 19629982+00 25332172-11 20000000-02 
9 46752544+00 18645564+00 00000000+00 37585736+00 48503779-11 20000000-02 
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SAMPLE PI^BLEM^t 

S P A T I A L - I T E R A T I O N R E S U L T S 
GROUP 
Gsaaup 
GROUP 
GROUP 

1 
1 
1 
1 

PASS 
PASS 
PASS 
PASS 

I 
2 
3 
4 

RHO 
Rra) 
RHO 
RHO 

a 9975280+00 
s 9979216+00 
= 9981110+00 
o 9982469+00 

OMEGA( 
OMEGA( 
OMEGA( 
OMEGA( 

8) 
16) 
24) 
32) 

s 1905271+01 
« 1912797+01 
" 1916696+01 
s 1919625+01 

SIGMA 
SIGMA 
SIGMA 
SIGMA 

« 9000000+00 
= 9753098+00 
- 9942594+00 
' 9966382+00 

DELTA( 
DELTA( 
DELTA( 
DELTA( 

37) 
41) 
42) 
44) 

= 7500000-01 
= 7500000-01 
= 7500000-01 
= 7500000-01 

GROUP 2 
GROUP 2 
GROUP <2 
GROUP 2 

PASS 
PASS 
PASS 
PASS 

1 
2 
3 
4 

RHO 
RHO 
RHO 
RHO 

= 9977083+00 
= 9981992+00 
= 9983539+00 
= 9985022+00 

OMEGA( 
OM£GA( 
OMEGA( 
OMEGA( 

8) 
16) 
24) 
32) 

= 1908631+01 
= 1918582+01 
a 1922020+01 
s 1925480+01 

SIGMA 
SIGMA 
SIGMA 
SIGMA 

- 9000000+00 
= 9647563+00 
- 9935982+00 
= 9977680+00 

DELTA( 
DELTA( 
DELTA( 
DELTA( 

39) 
43) 
45) 
48) 

= 7500000-01 
= 7S000O0-01 
= 7500000-01 
= 7500000-01 

GROUP 
(»tOUP 
GROUP 
GROUP 

3 
3 
3 
3 

PASS 
PASS 
PASS 
PASS 

1 
2 
3 
4 

RHO 
RHO 
BHO 
RHO 

= 9877833+00 
= 9901230+00 
s 9920523+00 
» 9925532+00 

OMEGA( 
OMEGA( 
OMEGA( 
OMEGA( 

8) 
16) 
24) 
32) 

« 1800943+01 
s 1819202+01 
- 1836295+01 
= 1841121+01 

SIGMA 
SIGMA 
SIGMA 
SIGMA 

= 9000000+00 
= 9860810+00 
- 9936864+00 
= 9904423+00 

DELTA( 
DELTA( 
DELTA( 
DELTA( 

17) 
19) 
21) 
22) 

= 7500000-01 
= 7500000-01 
= 7500000-01 
= 7500000-01 

GROUP 
GROUP 
CROUP 
GROUP 

4 
4 
4 
4 

PASS 
PASS 
PASS 
PASS 

1 
2 
3 
4 

RHO 
RHO ' 
RHO ' 
RHO 

= 9258559+00 
- 9507556+00 
» 9580745+00 
= 9579443+00 

OMEGA( 
OMEGA( 
OMEGA( 
OMEGA( 

8) 
16) 
24) 
32) 

= 1571963+01 
= 1636781+01 
" 1660085+01 
B 1659648+01 

SIGMA 
SIGMA 
SIGMA 
SIGMA 

= 8658001+00 
= 9995000+00 
= 9995000+00 
= 9979484+00 

DELTA( 
DELTA( 
DELTA( 
DELTA( 

7) 
9) 
10) 
10) 

= 7500000-01 
= 7500000-01 
= 7500000-01 
= 7500000-01 

GROUP 
GROUP 
GROUP 
G«OUP 

1 
2 
3 
4 

IT. = 
IT. = 
IT. = 
IT. = 

44 
48 
22 
10 

R(l) 
R(l) 
R(l) 
R(l) 

" 2798888+01 
= 4132017+01 
s 4102625+01 
= 7737981+01 

DELTA ■ 
DELTA -
DELTA = 
DELTA = 

9214890-02 
8614180-02 
8050698-02 
1010663-01 

SIG/I 
SIG/0 

a 
X 

0000000+00 
0000000+00 

MAX. 
MIN. 

s 3623040+01 
" 3313392+00 

GAMMA = 
PT/AV = 

2853839+01 
2343858+01 

RATIOC 0) = 
EPS.( 1) = 

1000000+01 
2883510+01 LAMBDA = 101103117+01 

GROUP 
GROUP 
GROUP 
GROUP 

1 
2 
3 
4 

IT. » 
IT. = 
IT. = 
IT. = 

44 
48 
22 
10 

R(l) 
R(l) 
R(l) 
R(l) 

» 9634616+00 
» 7961843+00 
B 7462290+00 
= 1011868+01 

JELTA » 
DELTA * 
DELTA = 
DELTA = 

3921174-02 
5979887-02 
6721878-02 
1087171-01 

SIG/I 
SIG/0 

B 
S 

1758679+00 
1068520+00 

MAX. 
MIN. 

= 1224878+01 
= 1028744+01 

GAMMA = 
PT/AV = 

1050331+01 
2253208+01 

RATIO( 0) -
EPS.( 2) = 

1000000+01 
1534589+00 LAMBDA = 106191692+01 

GROUP 
CROUP 
GROUP 
GROUP 

1 
2 
3 
4 

IT. » 
IT. « 
IT. * 
IT. » 

44 
48 
22 
10 

R(l) 
R(l) 
R(l) 
R(l) 

" 1702091+00 
> 2089690+00 
> 2382558+00 
- 3051960+00 

DELTA = 
DELTA = 
DELTA » 
DELTA = 

7051698-02 
8936851-02 
7757485-02 
1125760-01 

SIG/I 
SIG/0 S 

2652533+00 
4231042+00 

MAX. 
MIN. 

= 1132597+01 
- 1100697+01 

GAMMA = 
PT/AV = 

1026939+01 
1390445+01 

RATIO) 
EPS.( 

: 0) « 
3) = 

1000000+01 
3858077-01 LAMBDA - 109052346+01 

GROUP 
GROUP 
GROUP 
GROUP 

1 
2 
3 
4 

IT. = 
IT. » 
IT. « 
IT. = 

44 
48 
22 
10 

R(l) 
R(l) 
R(l) 
R(l) 

= 1641413-01 
« 1855666-01 
= 3329226-01 
= 4536950-01 

DELTA = 
DELTA = 
DELTA = 
DELTA = 

9355827-02 
1873940-01 
8893935-02 
1103397-01 

SIG/I 
SIG/0 

s 1307537+00 
1636824+00 

MAX. 
MIN. 

s 1102892+01 
= 1094477+01 

GAMMA = 
PT/AV = 

1003759+01 
1688746+01 

RATIO< 
EPS.( 

: 0) = 
4) = 

1WWW0W0+01 
7554361-02 LAMBDA - 109462321+01 
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SAMPLE PROBLEM 1 

GROUP 1 IT. " 44 R(l) > 3811600-02 DELTA ■ 7878791-02 
GROUP 2 IT. s 48 R(l) = 3701268-02 DELTA ' 1873101-01 
GBOUP 3 IT. s 22 R( 1) = 8936478-02 DELTA = 9113703-02 

4 IT. = 10 R(l) 8 7908230-02 DELTA = 1114866-01 ^ U P 
SIG/I « 
SIG/0 -

1825680+00 
1952520+00 

MAX. e 
MIN. = 

1097023+01 
1098104+01 

GAMMA 
PT/AV 

1000669+01 
1746988+01 

RATI0( 0) 
EPS.( 8) 

1000000+01 
1822479-02 LAMBDA 

5 ...EIGENVALUE > 109535508+01 ..REACTIVITY(PERCENTAGE) " 870540146+01 DOMINANCE 
LEVELS ..FLUX NORMALIZATION s 347208761+14 POWER NORMALIZATIO) " 208854617+12 ...POWER VOLUME 
ITERATIONS 
LEVELS ..FI 

1098355O5+01 
116289778+00 
962078472+02 
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SAMPLE PROBLEM 1 

I N T E G R A T I O N E D I T S 
EDIT 
SET VOLUME 

1 181453155+02 
2 967745080+01 
3 905357925+01 
4 940752120+01 
5 834678607+01 
6 619105950+00 

7 185706067+01 
8 240544598+02 
9 721533874+02 

GROUP 1 
135623020+16 
747427182+14 
787610642+15 
813861686+14 
870015984+15 
960963570+14 
842173238+15 
895212692+14 
634129308+15 
82911^39!+it 
887866439+14 
177424953+15 
955407412+14 
215365262+16 
895323626+14 
700225098+16 
970467394+14 

FLUX INTEGRALS FOLLOVED BY FLUX AVERAGES 
2 3 4 

173770829+16 
987662210+14 
100976909+16 
104342466+15 
115420561+16 
127486112+15 
115039667+16 
122284781+15 
892569434+15 
106935703+15 
713384606+14 
115228194+15 
229971270+15 
123836164+15 
276434604+16 
114920312+15 
905699641+16 
125524203+15 

164068048+16 
904189843+14 
870466316+15 
899478937+14 
826594972+15 
913003520+14 
856197117+15 
910119784+14 
757616897+15 
907674991+14 
536800738+14 
867057954+14 
160697774+15 
865334001+14 
214746179+16 
892749954+14 
646380420+16 
895842099+14 

312998384+16 
172495421+15 
108250495+16 
111858482+15 
228993170+15 
252931093+14 
369347741+15 
392608991+14 
936324776+15 
112177881+15 
262155497+14 
423442057+14 
291222813+14 
156819223+14 
144869239+16 
602255215+14 
175849889+16 
243716748+14 

EDIT 
SET 

8 
9 

POWER 
FRACTION 

RELATIVE 
ER DENSn POWER DENSITY 

259920169+00 103957270+01 740079831+00 986807272+00 

INTEGRATED POVER EDIT 
(3M)UP FRACTION OF EDIT-SET POVER 

GROUP 1 2 3 
524237609-02 
133537514-01 

958040211-02 
245916899-01 

102399153+00 
241474879+00 

882778069+00 
720579680+00 

EDIT 
SET 

1 
2 
3 
4 
5 
6 
7 
8 

INTEGRATED ABSORPTION EDIT 
GROUP FRACTION OF TOT/L ABSORPTION FOLLOVED BY GROUP FRACTION OF 

ABSORP. FRACT. GROUP 1 2 3 4 
EDIT-SET ABSORPTION 

396810230-01 
121475838-01 
617127231-02 
608581263-02 
890349339-02 
987716078-01 
134329795+00 
178291155+00 

157284595-02 
396372330-01 
135555584-02 
111590573+00 
156777712-02 
254044392+00 
152854040-02 
251164551+00 
114777451-02 
128912828+00 
615679931-04 
623336953-03 
198727093-03 
147939698-02 
452434278-02 
253761483-01 

173579100-04 
437436051-03 
490206311-03 
403542233-01 
711359122-03 
115269443+00 
806687426-03 
132552130+00 
648182019-03 
728008648-01 
407698404-03 
412768824-02 
131428291-02 
978400150-02 
303845383-02 
170420896-01 

126029119-02 
317605520-01 
138425338-02 
113952980+00 
132109272-02 
214071371+00 
132222026-02 
217262729+00 
114879353-02 
129027280+00 
183091970-01 
185369029+00 
512498974-01 
381522934+00 
246724967-01 
138383178+00 

368305279-01 
928164779+00 
891756831-02 
734102224+00 
257104334-02 
416614794+00 
242836454-02 
399020589+00 
595874333-02 
669259027+00 
799931444-01 
809879946+00 
815668874-01 
607213668+00 
146088861+00 
819198584+00 

4 
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515618257+00 177078997-01 
343430424-01 

168427762-01 
316954956-01 

154047312+00 
298762330+00 

327520269+00 
635199132+00 

EDIT 

8 567175464-02 

TOTAL GROUP-INDEPENDENT BUCKLING, K INFINITY. AND K 
K INFINITY FOLLOWED BY K EFFECTIVE 

SUM GROUP 1 2 3 
EFFECrriVE EDITS 

177095246+01 
109535505+01 
173771734+01 
109535505+01 

117812321-01 
647021636-02 
259147835-01 
164566847-01 

207397982-01 
105923679-01 
456236802-01 
271485183-01 

247862575+00 
112301030+00 
490014430+00 
264428202+00 

4 
149056886+01 
965991441+00 
119616445+01 
787321650+00 

FLUX-VEIGHTED AVERAGE MACROSCOPIC DATA 
EDIT GROUP 1 
SET D SIGMA A SIGMA R NU SIGMA F K SIGMA F BUCKT.ING 

1 25571730+01 11610000-02 86973000-01 00000000+00 00000000+00 -36465404-01 
2 22448100+01 17230000-02 56966000-01 00000000+00 00000000+00 -28144306-01 
3 21712130+01 18040000-02 47127000-01 00000000+00 00000000+00 -24836280-01 
4 21223740+01 18170000-02 40193000-01 00000000+00 00000000+00 -21793872-01 
5 21070810+01 18120000-02 37979000-01 00000000+00 00000000+00 -20884419-01 
6 25000000+02 11213000-02 00000000+00 00000000+00 00000000+00 -44852000-04 
7 25000000+02 11213000-02 00000000+00 00000000+00 00000000+00 -44852000-04 
8 22112120+01 21030969-02 54324416-01 88443508-03 10119280-13 18946878-01 
9 21979997+01 25316801-02 54693308-01 19729571-02 22S73623-13 12963031-01 

FLUX-WEIGHTED AVERAGE MACROSCOPIC DATA 
EDIT GROUP 1 
SET D SIGMA A SIGMA R NU SIGMA F K SIGMA F BUCKLING 

1 13136440+01 10000000-04 12050600+00 00000000+00 00000000+00 
00000000+00 -42068795-01 

2 11318940+01 48600000-03 57258000-01 00000000^-00 
00000000+00 
00000000+00 -13759972-01 

3 10938540+01 61700000-03 40083000-01 00000000+00 00000000+00 -67324925-02 
4 10720990+01 70200000-03 28965000-01 00000000+00 00000000+00 -22264983-02 
5 10659960+01 72700000-03 25608000-01 00000000+00 00000000+00 -13927526-02 
6 28000000+02 57213000-02 00000000+00 00000000+00 00000000+00 -22885200-03 
7 25000000+02 57213000-02 00000000+00 00000000+00 00000000+00 -22885200-03 
8 11152702+01 11003724-02 51756382-01 11280373-02 14407493-13 12252956-01 
9 11099798+01 18064298-02 51504778-01 25163723-02 32139553-13 87903272-02 
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SAMPLE PROBLEM 1 

FLUX-WEIGHTED AVERAGE MACROSCOPIC DATA 
EDIT GROUP 1 
SET D SIGMA A SIGMA R NU SIGMA F K SIGMA ? BUCKLING 

1 73838120+00 76900000-03 12257700+00 00000000+00 38053726-02 
2 91210250+00 15920000-02 57858000-01 00000000+00 00000000+00 56429264-02 
3 98451290+00 16000000-02 40139000-01 00000000+00 00000000+00 12454253-01 
4 10401130+01 15460000-02 28618000-01 00000000+00 00000000+00 64161240-02 
5 10584730+01 15180000-02 25132000-01 AAAAAAAAxAA WWWWWWWWTWW 00000000+00 13250669-02 
6 37175398+01 34145670+00 00000000+00 00000000+00 00000000+00 -91850179-01 
7 39341997+01 31927328+00 00000000+00 00000000+00 00000000+00 -81153299-01 
8 92899505+00 11501834-01 47601927-01 15395050-01 19R22936-12 60950529-02 
9 92446244+00 23858623-01 41587904-01 34342550-01 44220070-12 52704760-02 

FLUX-WEIGHTED AVERAGE 1 MACROSCOPIC DATA 
EDIT GROUP 1 
SET D SIGMA A SIGMA R NU SIGMA F K SIGMA F BUCKLING 

1 25340060+00 11780000-01 00000000+00 00000000+00 00000000+00 20507381+00 
2 42720030+00 82470000-02 00000000+00 00000000+00 00000000+00 87601775-01 
3 52870020+00 11240000-01 00000000+00 00000000+00 00000000+00 25078874+00 
4 62650050+00 65820000-02 00000000+00 AAAAAAAAxAA 

wWwWwwW+ww 
00000000+00 93384321-01 

5 18712920+00 63710000-02 00000000+00 00000000+00 AAAAAAAAxAA 
wwwwwwww~ww 

72623744-01 
6 65931660-01 30547329+01 00000000+00 00000000+00 00000000+00 -46331806+02 
7 77144267-01 28039350+01 00000000+00 00000000+00 00000000+00 -36346641+02 
8 48790681+00 10093046+00 00000000+00 19629982+00 25332172-11 -64241365-01 
9 46752544+00 18645564+00 37585736+00 48503779-11 -73843913-01 
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APPENDIX D SAMPLE PROBLEM 1 

D E P L E T I O N D E S C R I P T I O N 
DEPLETION WILL BE DONE FROM 0. HOURS TO 50.00 HOURS AT A POWER LEVEL OF 159940000+05 WATTS 

5 PASSES WILL BE MADE THROUGH TBE DEPLETION MESH EACH PASS DEPLETING FOR 10.00 HOURS 
BETWEEN EACH PASS THE THERMAL FLUX WILL BE RENORMALIZED TO MAINTAIN A CONSTANT POWER LEVEL 

DURING A PASS THROUGH THE MESH CROSS-SECTIONS WILL BE EVALUATED AND CHAINS VILL BE SOLVED IN DISCRETE STEPS AS FOLLOWS 
LENGTH OF EACH STEP (HOURS) IITION NO. OF STEPS 

1 (NON-DEPLETING) 
2 (NON-DEPLETING) 
3 (NON-DEPLETING) 
4 (NON-DEPLETING) 
5 (NON-DEPLETING) 
6 1 
7 
8 

1 
1 

9 1 
\t-tt 
10 00 

ALL NUCLIDES WILL BE DEPLETED OVER GROSS BLOCKS VIA THE ABOVE SCHEME 
IN ADDITION, THE FOLLOWING NUCLIDES WILL BE DEPLETED OVER FINE BLOCiS VIA THE ABOVE SCffilME 

UFUEL U 238 

NUCLIDE COLLECTIONS AT 0. HOURS 
(COLLECTION VALUE = COLLECTION NAME) 

15994000+05 - POWER NUG 00000000+00 = EMPTY 63991378+15 » ABSORF 51786380+23 = ATOM UFUEL 
96207847+26 = VOLFUEL 

ALGEBRAIC COMBINATIONS OF NUCLIDE COLLECTIONS AT 0. HOURS 
)N \ (COMBINATION VALUE = COMBINATION NAME) 

24993992- 10 ■■ - POW/ABS 00000000+00 = ZERO 10000000+01 - UNITY 
41415900+01 = = PI+UNITY 64000000+02 = 44:4:3 53827606-03 = CONC UFUEL 

NUCLIDE POWER FRACTIONS AT 0. HOURS 
EDIT TOTAL GROUP 1 GROUP 2 CROUP 3 

FRACTION 
GROUP 4 

FRACTION SET NUCLIDE FRACTION FRACTION FRACTION 
CROUP 3 

FRACTION 
GROUP 4 

FRACTION 
8 UFUEL 999R8B21+00 51305839-02 95804021-02 10239915+00 88277807+00 

U 238 11179220-03 11179220-03 00000000+00 00000000+00 00000000+00 
9 UFUEL 99971523+00 13068979-01 24591690-01 24147488+00 72057968+00 

U 238 28477241-03 28477241-03 00000000+00 00000000+00 00000000+00 

14000000+02 = 144CUNITY 

file:///t-tt
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SAMPLE PROBLEM 1 

NUCLIDE INTEGRATED ABSORPTION RATES AT 
GROUP 8 

0. HOURS 
EDIT TOTAL GROUP 1 GROUP 2 

RATES AT 
GROUP 8 GROUP 4 

SET NUCLIDE ABSORPTION ABSORPTION ABSORPTION ABSORPTION ABSORPTION 
6 B-IO 98564032+14 61635999+11 40814873+12 18300169+14 79794077+14 
7 B-10 13455935+15 19894660+12 13157346+13 51267523+14 81777142+14 
8 UFUEL 15960924+15 75052199+12 16040213+13 20437265+14 13681743+15 

U 238 10481087+13 17463926+11 12574844+11 97686748+12 41202486+11 
ND-6 17830738+14 37613543+13 14252139+13 32856165+13 93585528+13 

9 UFUEL 47238089+15 54434830+13 11723394+14 13722618+15 31798784+15 
U 238 68755396+13 12666799+12 91908860+11 65593586+13 97604106+11 
ND-7 36931364+14 12157308+14 45455254+13 10431934+14 97965973+13 

NUCLIDE INTEGRAIED FISSION RATES AT 0. HOURS 
EDIT TOTAL GROUP 1 GROUP 2 GROUP 3 GROUP 4 
SET NUCLIDE FISSION FISSION FISSION FISSION FISSION 

8 UFUEL 13050267+15 67335989+12 12573732+13 13439305+14 11513263+15 
U 238 14652660+1.1 14652660+11 00000000+00 00000000+00 00000000+00 

9 UFUEL 37190050+15 48838318+13 91898286+13 90238318+14 26758R52+15 
U 238 10627753+12 10627753+12 00000000+00 00000000+00 00000000+00 

THERMAL-FLUX NORMALIZATION INTERVAL 
34720876+14 FROM 0. TO 10.00 HOURS 
34743691+14 FROM 10.00 TO 20.00 HOURS 
34766527+14 FROM 20.00 TO 30.00 HOURS 
34789386+14 FROM 30.00 TO 40.00 HOURS 
34812265+14 FROM 40.00 TO 50.00 HOURS 

EDIT NUCLIDE CONCENTRATIONS AT 50.00 HOURS 
SET UFUEL U 236 U 238 UFUEL U 236 U 238 PM149 I 135 

LOADING LOADING LOADING DENSITY DENSITY DENSITY DENSITY DENSITY 
8 26160644-02 20506507-05 18793361-03 27871684-03 21755162-06 19770158-04 98534798-08 11223836-07 
9 17546715-■01 70853291-05 12575693-02 62323163-03 25059335-06 44103851-04 93730208-08 10679462-07 

EDIT NUCLIDE CONCENTRATIONS AT 50.00 HOURS 
SET SM149 XE135 FP 1 B-10 ND-6 ND-7 

DENSITY DENSITY DENSITY DENSITY DENSITY DENSITY 
6 aAAAAAAAX AA WWWWWWWWT WW 00000000+00 A A A AAA A A4. A A WWWWWWWW~ WW 25967271-02 00000000+00 00000000+00 
7 00000000+00 00000000+00 00000000+00 26122729-02 00000000+00 00000000+00 
8 31044002-08 28371086-08 97560211-06 00000000+00 10000000+01 00000000+00 
9 33790180-08 61418801-08 92777630-06 00000000+00 00000000+00 10000000+01 
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SAMPLE PROBLEM^ 

UFUEL FINE BLOCK CONCENTRATION AT 50.ee HOURS PLANE 0 - 1 

3 4 

2 

8 

10 
11 
12 

623163-03 
623322-03 
623429-03 
eeeeee+ee 
623431-03 
623334-03 
623286-03 
623233-03 
623280-03 
623379-03 
623469-03 

623143-03 
623337-03 
623464-03 
000000+00 
623451-03 
623322-03 
623256-03 
623184-03 
623241-03 
623367-03 
623482-03 

622912-03 
623127-03 
623285-03 
000000+00 
623220-03 
623027-03 
622927-03 
622816-03 
622893-03 
623074-03 
623242-03 

278965-03 
279067-03 
279168-03 
000000+00 
279085-03 
278936-03. 
278862-03 
278779-03 
278829-03 
278956-03 
279085-03 

3 4 

5 6 
278706-03 
278748-03 
278817-03 
000000+00 
278677-03 
278498-03 
278409-03 
278306-03 
278354-03 
278493-03 
278636-03 

5 6 

1 
2 
3 
4 
5 
6 
7 
6 
9 
10 
11 
12 

1 
1 

3 
4 
5 
6 
7 

9 

1 

http://50.ee
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1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 

1 
104717+01 
905922+00 
811142+00 
eeoooo+eo 
808532+00 
894091+00 

937079+00 
983223+00 
941628+00 
854328+00 
774363+00 
1 

2 
106600+01 
893712+00 
780804+00 
000000+00 
791793+00 
906252+00 

964805+00 
102873+01 
978026+00 
866254+00 
764098+00 

2 

3 
127377+01 
108203+01 
941105+00 
000000+00 
999120+00 
117098+01 

125998+01 
135930+01 
129057+01 
112936+01 
980103+00 

3 

(5/78) 

FINE BLOCK MESH POWR EDIT 

Paffe 24 
SAMPLE PROBLEM 1 

316304+00 
725189+00 
634859+00 
000000+00 
709404+00 
842950+00 
908843+00 
982896+00 
938813+00 
824883+00 
709705+00 
4 

104936+01 
101198+01 
949793+00 
000000+00 
107582+01 
123655+01 
131615+01 
140852+01 
136606+01 
124153+01 
111272+01 

5 6 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

PLANE 0 

MAXIMUM FINE BLOCK POWER IS 140852+01 IN FIGURE 1, REGION 8, CHANNEL 6, TRACK 

1 



FDO-B REFERENCE MANUAL 
APPENDIX D (5/78) SAMPLE P R S I L E M ^ ? 

ROW COLUMN 1 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 4 10 4 11 4 
12 4 

TOP LEFT 
0000+00 
1256+01 
1175+01 
9386+00 
0000+00 
1335+01 
1379+01 
1550+01 
1618+01 
1393+01 
1237+01 
1031+01 

TOP RIGHT 
0000+00 
6360+00 
5938+00 
4707+00 
0000+00 
6774+00 
6999+00 
7889+00 
8246+00 
7073+00 
6264+00 
5188+00 

PARTITION 
BOTTOM LEFT 
1562+01 
1256+01 
1175+01 
0000+00 
9593+00 
1335+01 
1379+01 
1550+01 
1618+01 
1393+01 
1237+01 
0000+00 

POWER EDIT 
BOTTOM RIGHT 
7952+00 
6360+00 
5938+00 
0000+00 
4815+00 
6774+00 
6999+00 
7889+00 
8246+00 
7073+00 
6264+00 
0000+00 
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SAMPLE PROBLEM 1 

1 
2 
3 
4 

1 
120604+01 
996177+00 
949894+00 
822405+00 

112018+01 
866274+00 
811341+00 
660928+00 

129561+01 
981946+00 
915288+00 
735657+00 

POINTWISE AVERAGE POWER 
4 

117836+01 
946000+00 
884325+00 

976599+00 
857434+00 
813558+00 

118011+01 
118329+01 
119365+01 

704646+00 661415+00 113055+01 
5 
6 
7 
8 
9 

815900+00 
952769+00 
968476+00 
103231+01 
105503+01 

10 950857+00 
11 888962+00 
12 804403+00 

647439+00 
818021+00 
837096+00 
910429+00 
935115+00 
825507+00 
751986+00 
652099+00 

730770+00 
970943+00 
998946+00 
111275+01 
115662+01 
994861+00 
892662+00 
759645+00 

720431+00 
100642+01 
103922+01 
116929+01 
122137+01 
104996+01 
931811+00 
774834+00 

697172+00 
981501+00 
101302+01 
113355+01 
118453+01 
103888+01 
927033+00 
766604+00 

116546+01 
145915+01 
149252+01 
162549+01 
169052+01 
155032+01 
144990+01 
130734+01 
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SAMPLE PROBLEM 1 

POINTWISE FLUX - GROUP 
O 

0 922571+14 
1 920791+14 
2 905363+14 
3 902118+14 
4 895200+14 
5 895125+14 
6 910105+14 
7 912358+14 
8 924058+14 
9 930611+14 
10 913000+14 
11 906713+14 
12 901879+14 
13 901768+14 

921681+14 
919350+14 
902449+14 
898029+14 
885578+14 
885665+14 
906825+14 
909514+14 
921938+14 
928570+14 
910074+14 
901545+14 
890992+14 
890663+14 

915551+14 
912168+14 
890090+14 
884003+14 
866769+14 
866807+14 
894054+14 
897424+14 
912316+14 
919412+14 
897059+14 
885651+14 
871564+14 
871248+14 

3 
905163+14 
901557+14 
878412+14 
872122+14 

905642+14 
902782+14 
881975+14 
875813+14 

906937+14 
904947+14 
888117+14 
882577+14 

854502+14 858055+14 865904+14 
854515+14 
881442+14 
884772+14 
899422+14 
905516+14 
882056+14 
870460+14 
856412+14 
856103+14 

858061+14 
884252+14 
887401+14 
900767+14 
905719+14 
883767+14 
872355+14 
858169+14 
857844+14 

865912+14 
889366+14 
892072+14 
902965+14 
906286+14 
887450+14 
877132+14 
863690+14 
863356+14 

908120+14 
906761+14 
896155+14 
892656+14 
881561+14 
881566+14 
896627+14 
898336+14 
905075+14 
906312+14 
892584+14 
885758+14 
876941+14 
876593+14 

909164+14 
908439+14 
903856+14 
903170+14 
900414+14 
900231+14 
903932+14 
904448+14 
906814+14 
906029+14 
897276+14 
894664+14 
892731+14 
892687+14 

8 
909444+14 
908879+14 
905790+14 
906063+14 
904562+14 
904389+14 
905851+14 
906077+14 
907171+14 
905744+14 
898374+14 
896583+14 
895470+14 
895445+14 

909831+14 
909471+14 
908030+14 
908778+14 
908196+14 
908022+14 
907334+14 
907251+14 
906831+14 
904574+14 
898821+14 
897770+14 
897218+14 
897205+14 

POINTWISE FLUX - GROUP 
10 

0 910077+14 
1 909835+14 
2 909229+14 
3 910048+14 
4 909727+14 

11 
910162+14 
909957+14 
909601+14 
910417+14 
910137+14 

5 909528+14 
6 907781+14 
7 907536+14 
8 906260+14 
9 903499+14 

909927+14 
907857+14 
907561+14 
906010+14 
903080+14 

10 898640+14 
11 897914+14 
12 897571+14 
13 897562+14 

898505+14 
897870+14 
897580+14 
897573+14 

3 
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SAMPLE pmliln^i 

0 

POINTWISE FLUX - GROUP 

3 8 
0 
1 
2 8 4 

339225+14 
328994+14 
264773+14 
252237+14 
224654+14 

383787+14 
316927+14 
246450+14 
230978+14 
188388+14 

312446+14 
288088+14 
203000+14 
184727+14 
134751+14 

380722+14 
349524+14 
244064+14 
221798+14 
161867+14 

468626+14 
440877+14 
337979+14 
310744+14 
231391+14 

580729+14 
560107+14 
483163+14 
454795+14 
356240+14 

701690+14 
693899+14 
696814+14 
703873+14 
663209+14 

100853+15 
102022+15 
111398+15 
111900+15 
114941+15 

108126+15 
109844+15 
124177>15 
127645+15 
133671+15 

117606+15 
120097+15 
141102+15 
146653+15 
156122+15 

6 
6 
7 
8 
9 

222242+14 
250190+14 
254278+14 
274196+14 
281476+14 

186149+14 
230986+14 
236102+14 
256726+14 
263783+14 

130124+14 
185901+14 
192102+14 
215721+14 
223399+14 

160190+14 
239793+14 
249051+14 
286532+14 
300869+14 

238497+14 
364817+14 
379286+14 
436557+14 
459461+14 

379704+14 
564406+14 
584870+14 
663054+14 
696177+14 

686120+14 
877884+14 
899663+14 
986426+14 
102898+15 

116361+15 
129467+15 
131209+15 
139350+15 
144283+15 

135376+15 
147766+15 
149426+15 
157348+15 
162465+15 

158307+15 
170559+15 
172172+15 
179850+15 
185197+15 

10 
11 
12 
13 

247285+14 
232045+14 
219396+14 
219053+14 

229847+14 
209436+14 
181436+14 
174910+14 

188007+14 
163900+14 
130999+14 
112521+14 

247767+14 
213876+14 
169650+14 
145740+14 

384326+14 
332171+14 
262777+14 
221734+14 

602121+14 
529536+14 
425310+14 
352326+14 

938008+14 
872551+14 
779516+14 
761099+14 

137535+15 
134674+15 
132395+15 
132334+15 

156691+15 
154703+15 
153380+15 
153349+15 

180736+15 
179585+15 
178935+15 
178919+15 

10 11 
0 123442+15 125412+15 
1 126423+15 128560+15 
2 151436+15 154898+15 
3 157859+15 161571+15 
4 169132+15 173400+15 
5 171604+15 175965+15 
6 184065+15 188537+15 
7 185676+15 190151+15 
8 193243+15 197688+15 
9 198729+15 203221+15 
10 195074+15 199836+15 
11 194308+15 199181+15 
12 193915+15 198856+15 
13 193904+15 198847+15 

POINTWISE FLUX - GROUP 

« E N D O F O U T P U T * 

4 

PDQ08(WAPD-TM-1266) 
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(5/78) Pae>e 1 
SAMPLE PROBLEM 2 

eooi If IwlMf 1 f 
0002 010002, 
0vv3 010003, 
VWT 010004, 
0005 010008, 
0006 010036, 
0007 011000, 
0008 011001, 

012001, 
0010 015001, 
eon 015011, 
0012 015021, 
0013 015031, 
0014 015041, 
0015 050101, 
0016 050201, 
0017 070001, 
0018 801000, 
0019 801001, 
0020 802000, 
0021 802001, 
0022 802101, 
0023 802201, 
0024 170001, 
0025 170002, 
0026 170003, 
0027 170004, 
0028 170005, 
0029 170006, 
0030 170007, 
0031 170008, 
0032 170009, 
0033 
0034 090001, 
0035 090101, 
0036 110001, 
0037 300001, 
0038 300501, 
0039 300502, 
0040 301000, 
0041 301011, 
0042 302000, 
0043 302011, 
Vv'tsnt 303000, 
0045 303011, 
0046 304000, 
0047 304011, 
0048 305000, 
0049 305011, 
0050 306000, 
0051 306011, 

• • • • • • • • S « S M M S M M « /BEGIN/ CARD INPUT DATA FOR CASE 
s 3-D PDa TEST PROBLEM 

2,0,2,1.0.1.9,8,5,-2,14,14,4,0,1 
0.936.1-3 
1+1,0+0 
. . . . 1.. 1+8 
8.99,73.72,99.18,1,1-2,1-1, OTRYS,IDC,IDRHO,IDTM, 
1,1,1.1,1,1,9.5 0LIMIT EDITS 
1.-9.0,1,-5 
1.-8.0.1,-3 
1.-4 SEDIT ALL PLANES 
O.-l SEDIT PLANEl 
1.-2 •EDIT PLANE2 
2.-3 SEDIT PLANE3 
3,-4 SEDIT PLANE4 
4+1,3,1+1,5,3+1,7,1+1,9,3+1,11,1+1,13,3+1-14 
1+1,1,3+1,2 
15+2,4 
14,14,1,0,1 
5.0,14,0,14.4,7,14,3,14,4,3,14,7,14 
4,4,2,-2,0.2,-2 

C 
B 
A 

1 •••••«MC«Mt«««Sm«« 

ETC 

• 3,0,4,0.4 
2,0,4,0.4 
1,0,4.0,4 
9,010.00,00,0.0 
1,020,08,04,0,0 
2,020,12,04,0,0 
3,020,04,08.0,0 
4,021,08,08,0,0 
5.022,12,08,0,0 
6.020,04,12,0,0 
7.022,08,12,0,0 
8.021.12,12,0,0 
1.2.3.4 
1.3.0,5 
1,2,3.4,5.6.7,8,9,10.11 
1,1,2.2,3.3.4,4,5,5 
1,2.3.5,6.18,20,29,99.72,73 
HYDROGEN,OXYGEN,ZIRC.STEEL,IRON,U-235,U-238.SOLBOH 
T-FUEL, T-MOD,BHO-MOD 
1,1,25+4 
01,0,0+0,4,01,0+0 
1,1,25+4 
02,0,0+0,4,02,0+0 
1,1,25+4 
03,0,0+0,4,03,0+0 
1,1,25+4 
05,0,0+0,4,05,0+0 
1,1.25+4 
06.0.0+0,4,06,0+0 
1,1,25+4 
18,0,0+0.4,18,0+0 
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0052 307000,1,1,25+4 
0053 307011,20,0,0+0,4,20,0+0 
0054 308000,1,1,25+4 
0055 308011,29,0,0+0,4,29,0+0 
0056 309000,1,1.25+4 
0057 309011,99.0,0+0,4,99,0+0 
0058 310000.1,1,25+4 
0059 310011.72,0,0+0,4,72,0+0 
0060 311000,1,1,25+4 
0061 311011,73,0,0+0,4,73,0+0 
0062 401000,01 
0063 401001,A FUEL 
0064 401100,0+0,0+0,0+0 
0065 401200,0+0,0+0,0+0 
0066 401101,18,206569+2,133832+2,252993-2,898511+1,247111+1,3206-10 
0067 401102,20,844385+1,946878+0,216691-2,113505+0,268821+1,3181-10 
0068 401103,29,522903+2,498606+2,184096-1 
0069 401104,01,21116+1.43580-2,57489-0 
0070 401105,02,32309+1,26459^2,15402-1 
0071 401106.03,60485+1,54513-1,45743-2 
0072 401107.05,56420+1,49959-1,72499-2 
0073 401108,06.55737+1,99436-1,71267-2 
0074 401109,73.1589+0,2144-2,2774-1,2853-3,2471+1,3206-10 
0075 401110,99,0+0,-270-4,-210-4 
0076 401201,18,251229+3,303868+3,000000+0,257117+3,244200+1,3206-10 
0077 401202,20,917810+1.135554+1,000000+0 
0078 401203,29,170018+4,213659+4,000000+0 
0079 401204,01,21228+2,18537-0,0+0 
0080 401205,02,37056+1,93016-4.0+0 
0081 401206,03,61403+1,95110-1.0+0 
0082 401207,05,11953+2,15852+1,0+0 
0083 401208,06,12201+2,13368+1,0+0 
0084 401209,73,1085+1,3978-1,0000-0,7691-2,2442+1,3206-10 
0085 401210,99.0+0,0+0,0+0 
0086 402000,02 
0087 40200l.B FUEL 
0088 402100,0+0,0+0,0+0 
0089 402200,0+0,0+0,0+0 
0090 402101,18,204740+2,132067+2,248715-2,887795+1,247131+1,3206-10 
0091 402102,20,842739+1,938914+0,212765-2,113917+0,268738+1,3181-10 
0092 402103,29,516552+2,492285+2,180846-1 
0093 402104,01,21349+1,43021-2,56656-0 
0094 402105,02,32303+1,26435-2,15142-1 
0095 402106,03,60458+1,54472-1,44943-2 
0096 402107,05,56214+1,49441-1,71000-2 
0097 402108.06,55516+1,99181-1,69767-2 
0098 402109.73,1591+0,2264-2,2782-1,3184-3,2471+1,3206-10 
0099 402110,99,0+0,-270-4,-210-4 
0100 402201,18,248087+3.299398+3,000000+0,253299+3,244200+1,3206-10 
0101 402202,20.913060+1.133747+1,000000+0 
0102 402203,29.168943+4,212730+4,000000+0 
0103 402204.01.21119+2,18453-0,0-0 
0104 402205.02.37000+1,92181-4,0-0 
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0105 402206,03,61390+1,94361-1,0-0 
0106 402207,05,11940+2,15727+1.0-0 
0107 402208,06,12190+2,13263+1.0-0 
0108 402209,73,1082+1,4107-1,0000-0,9074-2,2442+1,3206-10 
0109 402210.99,0+0,0+0,0+0 
0110 403000,03 
0111 403001,C FUEL 
0112 403100,0+0,0+0,0+0 
0113 403200,0+0,0+0,0+0 
0114 403101,18,203523+2,130900+2,247531-2,881060+1,247143+1,3206-10 
0115 403102,20,839650+1,913406+0,211629-2,114136+0,268683+1,3181-10 
0116 403103,29,514687+2,490429+2,179994-1 
0117 403104,01.21586+1.42909-2,56564-0 
0118 403105.02.32301+1.26407-2,15109-1 
0119 403106.03,60439+1,54413-1,44829-2 
0120 403107,05.56125+1,49320-1,70727-2 
0121 403108,06,55425+1,99148-1,69493-2 
0122 403109,73,1592+0,2159-2,2804-1,3491-3,2471+1,3206-10 
0123 403110 99 0+0 —270—4 —210—4 
0124 403201!181245584+3,296629+3,000000+0,250950+3,244200+1,3206-10 
0125 403202,20.909083+1,132612+1,000000+0 
0126 403203,29.168372+4.212389+4,000000+0 
0127 403204,01,21100+2,18455-0,0+0 
0128 403205,02,36763+1,91870-4,0+0 
0129 403206,03,61388+1,94134-1,0+0 
0130 403207.05,11936+2.15689+1,0+0 
0131 403208.06,12187+2.13231+1,0+0 
0132 403209.73,1083+1,3621-1,0000-0,1086-1,2442+1,3206-10 
0133 403210,99,0+0,0+0,0+0 
0134 404000,4 
0135 404001,SHROUD 
0136 404100,0.87770,.00446266,.00114328 
0137 404200,0.30092,.0708,0+0 
0138 405000,5 
0139 405001,REFLECTOR 
0140 405100,1.40398,.000791834,.0365214 
0141 405200.0.24701,.0^86603,0+0 
0142 100011,01,299462-1,02.280626-1,03,418570-2.05,114076-2,06,565840-4 
0143 100012,18.165654-3.20,637909-2.29,915855-5 
0144 100021.01.299462-1.02,280626-1.03,418570-2,05,114076-2,06,565840-4 
0145 100022,18,185531-3,20,635943-2,29,915855-5 
0146 100031,01,299462-1,02,280626-1,03,418570-2,05,114076-2,06,565840-4 

* 
0148 500001,2250.,.035,.965,4+6,100.,.023,1.,1.,1.,1.,2.,1.,0.0 
0149 500002,.03,0.,0. «PRESS,F¥,FM,W,K1,A,D1,D2, ... 
0150 500011,1.07 SA(N) 
0151 500012,0.0 SB(N) 
0152 500013,.0003333 »G(N) FROM PDQ5 TH RPT 
0153 500014,0.0 SD(N) 
0154 510001,.191,.,522.,1 »F,FLOW RATIO,TIN,TRK NO=REGION=COMP 
0155 510002,.238,.,522.,2 «F,FLOW RATIO,TIN,TRK NO=REGION=COMP 
0156 510003,.571,.,522.,3 «F,FLO¥ RATIO,TIN,TRK NO=REGION=COMP 

0147 100032,18,205409-3,20,633977-2,29,915855-5 
TH DATA 
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0157 
0158 
0159 
0160 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0169 
0170 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
0178 

0179 
0180 
0181 
0182 

0183 

810004.1.00,.,822..4 tF.FLOW RATIO,TIN.TRK NO«REGION=COMP 
810005.1.00...822.,8 tF.FLOW RATIO,TIN.TRK NO«REGION=COMP 
820001.88.1..86,.86,.32...86.,1 SAH,AF,VC.VF.AY.LZ.COMP FUEL A 
820002.88.1,.86..86,.32...86.,2 SAH.AF.VC.VF.AY.LZ.COMP FUEL B 
820003.55.1..56..86..32...86.,3 tAHtAF,VC.VF.AY.LZ.COMP FUEL C 
820004.1.0,1.0.1.0,0.0.0.0.1.0.4 • AN,AF.VC.VF.ETC. 
520008.1.0.1.0.1.0.0.0.0.0.1.0.8 • AN.AF.VG.VF.ETC. 
830001..191,.162,.162..000.00.1 tRS.Rl.R2.R3.FF.C0MP 
830002..191..162,.162..000.00.2 tRS.Rl,R2,R3.FF.C0MP 
830003..191..162..162..000.00.3 CRS.Rl.R2,R3.FF,C0MP 
830004..000..000,.000..000,-1.4 •RS.R1,I^.R3.FF.C0MP 
830005..000..000..000,.000,-1.5 •RS.R1,R2,R3.FF.C0MP 
840001.1,1.8 • (RR.TT.OI.. GAP K.FUEL K,COMP 
880101,.0299462,5 ONH 
880201,647+3,5 OTH REF 
880301,1096+4,5 tTF REF 
560111,..1+60 ORA TABLE ...HEAT FLUX FOR GAP 
560121,..1+60 ORR TABLE ...FISSION FOR GAP 
560131,1+11,1+11,1+11.1+11 OGAP CONDUCTANCE VS INDEP VARS 
570111..,1+60 STT TABLE ...HEAT FLUX FOR FUEL K 
570121..,1+60 OTT TABLE ...FISSION FOR FUELK 
570131,2.88,2.88,2.88,2.88 •U02 K VS INDEP VARS 
ilc END PDQ TH DATA 
* SUB-CASE DATA 
010008.....1.,l+9 
2O1O01.5MW.15MW 
203001..05..15 
20600l,/2/10 
» 3-D PDtt T-H TEST 
» END SUB-CASE DATA 
2000,60,0 • REDUCE PAPER OUTPUT 
•t«tStSSSS«tS«««S«tSS //END// CARD INPUT DATA FOR CASE 1 tS«ttO««««t««tt««M»« 

K 
K 

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 
P R O B L E M I N P U T D E S C R I P T I O N 

PROGRAM IDENTIFICATION -

SPATIAL DESCRIPTION 
FEW-CROUP DESCRIPTION 

GEOMETRY PARAMETERS 

:p^RAM7viRilON:Dll^)"-"pDQ08rwIp^™:ii66)" - CoJn»^R"-'c^:76ee " 
: ■ ^ R I T I O N SO^OTION'-'ElcENVAEui - " IDSOIN^ ioEu^ION'-'NO 
: " ■ NU^ER'OF 'cmii^s'- 2 : ÂiT'ĉ oin̂ '-'P-1 

THERMAL GROUPS - 1 - SOLUTION GROUPS - 2 
DIMENSIONALITY, TYPE - 3-D RECTANGULAR - BLOCK MESH TYPE - GROSS ONLY 

COMPOSITIONS - REGIONS (1 TO 1) - INPUT MESH UNITS - INCHES 
LARGEST FINAL FIGURE - 9 -LARGEST PLANAR REGION - 5 
LARGEST COMPOSITION - 5 - COLUMN BOUNDARY - 14 

ROW BOUNDARY - 14 - PLANE BOUNDARY - 4 
MESH ELEMENTS - 784 - MESH POINTS - 1125 

MESH GROUP-POINTS - 2250 - SOLUTION POINTS - 588 
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- NON-SOLUTION POINTS - 637 -SOLUTION GROUP-POINTS - 1176 
BOUNDARY CONDITIONS COLUMN 0 - ZERO FLUX - COLUMN 14 - ZERO CURRENT ROW O - ZERO FLUX - ROW 14 - ZERO (HJRRENT PLANE 0 - ZERO FLUX - PLANE 4 - ZERO FLUX 
ITERATION PARAMETERS - - - I " " il^OT EIGE;v;L^'-"936io0+OO ' -CON^;^iN^"pL^TER~-" 100^0^-03 -

CHKGROUP 1) - 100000+01 - CHKGRODP 2) - OOOOOO+OO 
DEPLETION PARAMETERS - - - ' - BEGIN-TIME'-'OOOOOO+OO'H^U^S" " - EN^TlSE~-"oOOOoi+Oo"HOU^" " " I 

- _ DEPLETION mTERVAL_-_OO0000+0O_HOURS_ _ _ POWERLEVEL -_100000+09_WATIS_ _ _ -
DATA STORAGE ALLOCATIONS - : _ _ CEITmAL MEMORY -_ _ _3|202_TORDS_ _ ̂  _ _ EXTENDED MEMORY_-_ _ 131072_WORDS_ _ _ -
BLOCKING COUNTS I GRSS^LOC^^^PLMI I W ~- FINJ^'SOCKIVKS^ I J I 

- GROSS BLOCK PLANES - 4 - PINE BLOCK PLANES - O 

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////X///// 
S U B - C A S E D E S C R I P T I O N 

ISICJIE IDENTIFICATION - 8MW 
CONFIGURAIION — 0 
FLUX GUEISS - PREVIOUS 
CONTROL FEEDBACK - NO 'I'liMPEGRATURE FEEDBACK — YES XENON FEEDBACK - NO 
CONCENTRATION REPLACEMENT - NO 
DEPLETION PATH - SPATIAL / DEPLETE INITIAL TIME (EFPH) - 000000+00 DEPLETION INTERVAL (HOURS) - 000000+00 DEPLETION INTERVAL (EFPH) - 000000+00 
POWER FRACTION - 800000-01 POWER LEVEL - 800000+07 
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////,'////// 

S P A T I A L - I T E R A T I O N R E S U L T S 
GROUP 1 PASS 1 RHO = 7028184+00 OHEGA( 8) - 1294376+01 SIGMA - 6955840+00 DELTA( 3) - 1000000+00 GROUP 1 PASS 2 RHO » 7091093+00 OMEGA( 16) - 1299256+01 SIGMA - 9821766+00 DELTA( 3) - 1000000+00 GROUP 1 PASS 3 RHO = 7104704+00 OMEGA( 24) » 1300323+01 SIGMA « 9371805+00 DELTA( 3) » 1000000+00 
CROUP 2 PASS 1 RHO » 2633463+00 OHEGA( 8) "> 1076261+01 SIGMA = 2622515+00 DELTA( 1) = 1000000+00 
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GROUP 
GROUP 

1 
2 

IT. = 3 
IT. = 3 

R(l) 
R(l) 

s 
s 

3260321+03 
1028448+03 

DELTA 
DELTA 

s 
s 

2796019+00 
1473403-01 

SIG/I 
SIG/0 

S 0000000+00 
0000000+00 

MAX. 
MIN. a 

3560391+01 
2656378+00 

GAMMA 
PT/AV s 

3485342+01 
2482799+01 

GROUP 
GROUP 

1 
2 

IT. = 3 
IT. = 3 

R( 1) 
R( 1) s 

6605579+02 
1614272+02 

DELTA 
DELTA 

= 1962891+00 
5463266-02 

SIC/1 
SIG/0 

S 
3 

1989060+00 
2246298+00 

MAX. 
MIN. 

s 
s 

1196575+01 
7013709+00 

GAMMA 
PT/AV 

s 
B 

1132235+01 
1967122+01 

GROUP 
GROUP 

1 
2 

IT. = 3 
IT. = 3 

R( 1) 
RC 1) 

= 2991415+02 
8114537+01 

DELTA 
DELTA 

= 2030461+00 
6816215-02 

SIG/I 
SIG/0 

S 
£ 

4558139+00 
4163818+00 

MAX. 
MIN. 

= 1026394+01 
7645966+00 

GAMMA 
PT/AV 

S 
S 

1012821+01 
2866403+01 

GROUP 
GROUP 

1 
2 

IT. = 3 
IT. = 3 

R(l) 
R( 1) 

s 
s 

2004024+02 
5523361+01 

DELTA 
DELTA 

s 
s 

2169251+00 
6920148-02 

SIG/I 
SIG/O 

s 
B 

6706673+00 
6996188+00 

MAX. 
MIN. s 

1003053+01 
8231764+00 

GAMMA 
PT/AV = 

1003563+01 
2740866+01 

GROUP 
GROUP 

1 
2 

IT. = 3 
IT. = 3 

R( 1) 
R( 1) s 

1271715+02 
3411416+01 

DELTA 
DELTA s 

2317417+00 
6410996-02 

SIG/I 
SIC/0 

= 7380027+00 
7566340+00 

MAX. 
MIN. s 

9897905+00 
8763448+00 

GAMMA 
PT/AV B 

1002672+01 
2209099+01 

GROUP 
GROUP 

1 
2 

IT. = 3 
IT. = 3 

R(l) 
R( 1) s 

7261029+01 
1883226+01 

DELTA 
DELTA S 

2396133+00 
5980460-02 

SIG/I 
SIG/0 

s 
s 

7667451+00 
7771506+00 

MAX. 
MIN. 

s 
e 

9722707+00 
9124238+00 

GAMMA 
PT/AV 

B 
B 

1001715+01 
2459950+01 

GROUP 
GROUP 

1 
2 

IT. = 3 
IT. = 3 

R( 1) 
R(l) 

= 4670270-»01 
1229724+01 

DELTA 
DELTA 

S 2525431+00 
6048843-02 

SIC/1 
SIG/0 r 

7805720+00 
7885170+00 

MAX. 
MIN. s 

9590269+00 
9205745+00 

GAMMA 
PT/AV = 

1000697+01 
2365476+01 

GROUP 
GROUP 

1 
2 

IT. « 3 
IT. = 3 

R( 1) 
R(l) s 

3491190+01 
9343689+00 

DELTA 
DELTA B 

2639486+00 
6126038-02 

SIG/I 
SIG/0 

S 8339747+00 
8396586+00 

MAX. 
MIN. 

s 
s 

9518146+00 
9234652+00 

GAMMA 
PT/AV B 

1000267+01 
2117883+01 

CROUP 
GROUP 

1 
2 

IT. = 3 
IT. - 3 

RC 1) 
R( 1) 

s 
s 

2308493+01 
6284786+00 

DELTA 
DELTA 

S 
B 

2820706+00 
6144343-02 

RATIO( 0) = 1000000+01 
EPS.( 1) = 3400364+01 

RATIO( 0) = 1000000+01 
EPS.( 2) = 3061535+00 

RATIO( 0) - 1000000+01 
EPS.C 3) = 1759473+00 

RATIO( 1) = 1000000+01 
EPS.C 4) " 1159647+00 

RATIOC 2) = 7392744+00 
EPS.( 5) = 6137371-01 

RATIO( 3) = 4676339+00 
EPS.( 6) = 3956636-01 

RATIO( 1) = 3603490+00 
EPS.( 7) = 2471138-01 

RATIOC 2) = 7166999+00 
EPS.C 6) = 1673366-01 

LAMBDA = 809112955+00 

LAMBDA = 916106277+00 

LAMBDA - 927851602+00 

LAMBDA = 931157761+00 

LAMBDA = 933646109+00 

LAMBDA = 935247566+00 

LAMBDA = 935899559+00 

LAMBDA = 936149393+00 

SIG/I « 8545993+00 MAX. * 9446412+00 GAMMA 1000197+01 RATIOC 3) « 4878078+00 S 
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SI(;/0 = 8597520+00 MIN. = 9283958+00 PT/AV = 1664432+01 EPS.C 9) = 8872345-02 

ITERATIONS 9 ...EIGENVALUE = 936333728+00 ..REACTIVITYCPERCENTAGE) =-679952775+01 .. 
LEVELS ..FLUX NORMALIZATION = 134901853+14 POWER NORMALIZATION = 891337531+12 .. 

LAMBDA = 936333728+00 
DOMINANCE 
»F.n VOr.TIMF. .POWER VOLUME 

838443698+00 
330365192+06 

PLANE GROUPING I 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HFAT 
EDIT TEMPERA'inJHE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) FLUX 
SET CDEG. F) (DEC. F) CFRACT. CHANGE) 

VAPOR 
(VOL. FRACT.) (BTD/HR.-SQ. FT.) 

1 62817630+03 52793732+03 18274723-01 12948064-05 27834545+05 
2 57642992+03 53376531+03 17146068-01 00000000+00 19906215+05 
3 59264101+03 53718150+03 12758842-01 00000000+00 25886561+05 
4 57644824+03 53376933+03 17140954-01 00000000+00 19912893+05 
5 67120566+03 56949553+03 -33593792-01 00000000+00 35430184+05 
6 70227991+03 58545368+03 -61359563-01 00000000+00 38961632+05 
7 59267233+03 53718830+03 12750109-01 00000000+00 25898024+05 
8 70229952+03 58546246+03 -61376294-01 00000000+00 38967429+05 
9 71558155+03 58465370+03 -59964984-01 13600670-03 47875269+05 

PLANE GROUPING 2 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HF.AT 
a)iT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) FLUX 
SET (DEC. F) (DEC. F) CFRACT. CHANGE) 

VAPOR 
(VOL. FRACT.) ( BTU/HR.-SQ. FT.) 

1 56717251+03 52280436+03 30268826-01 00000000+00 14962322+05 
2 54639851+03 52343865+03 30048846-01 00000000+00 10698013+05 
3 55373126+03 52387120+03 29530614-01 00000000+00 13914502+05 
4 54640876+03 52343926+03 30048121-01 00000000+00 10702508+05 
5 58319231+03 52814513+03 24437967-01 00000000+00 19046657+05 
6 59677283+03 53031050+03 21660857-01 00000000+00 20944941+05 
7 55374854+03 52387222+03 29529393-01 00000000+00 13922084+05 
8 59678576+03 53031187+03 21659057-01 00000000+00 20948588+05 
9 60454759+03 53020163+03 21803162-01 00000000+00 25739575+05 

EDIT 
SET 

1 
2 
3 
4 
5 
6 

FUEL 
TEMPERATURE 
(DEC. F) 

63224091+03 
58058005+03 
59806629+03 
58059964+03 
67218632+03 
70674328+03 

PLANE GROUPING 3 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 
MODERATOR MODERATOR 
TEMPERATURE DENSITY 
(DEG. F) CFRACT. CHANGE) 

52526353+03 
52816516+03 
52993239+03 
52816746+03 
54712524+03 
55627810+03 

25207497-01 
24414215-01 
22155280-01 
24411494-01 
-17394947-03 
-12724809-01 

0. HOURS 
VAPOR 

(VOL. FRACT.) 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 

HEAT 
FLUX 

(BTU/HR.-Sa. FT.) 
34182941+05 
24448915+05 
31792069+05 
24456994+05 
43509726+05 
47844719+05 
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7 
8 
9 

59809977+03 
70677094+03 
72423455+03 

52993606+03 
58628356+03 
55580847+03 

22150474-01 
-12732199-01 
-12088497-01 

00000000+00 
00000000+00 
00000000+00 

31805999+05 
47851882+05 
58786514+05 

PLANE GROUPING 4 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HEAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) FLUX 
SET (DEG. F) (DEG. F) (FRACT. CHANGE) 

VAPOR 
(VOL. FRACT.) (BTU/HR.-SQ. FT.) 

1 64456638+03 52831399+03 17755235-01 86844193-05 34270656+05 
2 58686027+03 53437501+03 16376093-01 00000000+00 24510316+05 
3 60617680+03 83797143+03 11745348-01 00000000+00 31872591+05 
4 58688103+03 53437917+03 16370716-01 00000000+00 24518086+05 
5 69696384+03 57263086+03 -36291391-01 00000000+00 43621947+05 
6 72254093+03 59008433+03 -64179323-01 00000000+00 47969978+05 
7 60621252+03 53797888+03 11736216-01 00000000+00 31885995+05 
8 72255069+03 59009423+03 -64195110-01 00000000+00 47976849+05 
9 73811145+03 58916944+03 -63039508-01 40802010-03 58943115+05 

EDIT 
SET 

1 
2 
3 
4 
5 
6 
7 
8 
9 

FUEL 
TEMPERATURE 
(DEG. F) 

60772162+03 
86184944+03 
87367995+03 
56186404+03 
64446682+03 
67758851+03 
57370469+03 
67757693+03 
68439865+03 

PLANE GROUPING 5 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 
MODERATOR MODERATOR 
TEMPERATURE DENSITY VAPOR 
CDEG. F) (FRACT. CHANGE) (VOL. FRACT.) 

53025571+03 
53882858+03 
54376321+03 
53883425+03 
59017009+03 
61286201+03 
54377292+03 
61287399+03 
61175889+03 

11861438-01 
10647897-01 
43758988-02 
10640651-01 

-64316035-01 
-10717456+00 
43636358-02 
-10720157+00 
-10476695+00 

MAXIMUM RELATIVE ERROR OF FUEL TEMPERATURE 
TOTAL PLOW IN FUELED TRACKS 

00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 

HEAT 
FLUX 

(BTU/HR.-SQ. FT.) 
15050038+05 
10759414+05 
13995025+05 
10763600+05 
19158878+05 
21070199+05 
14002079+05 
21073555+05 
25896176+05 

= 83958144+00 
= 39137776+06 

SIG/I 
SIG/O 

eeeoeeo+00 
0000000+00 

SIG/I B 4404458+00 
SIG/O = 4208612+00 

S P A T I A L - I T E R A T I O N R E S U L T S 
MAX. - 9368646+00 
MIN. = 9187998+00 
MAX. s 9368046+00 
MIN. " 9258636+00 

GAMMA a 9921063+00 
PT/AV = 1640715+01 
GAMMA » 9995646+00 
PT/AV = 1833667+01 

RATIO( 0) 
EPS.( 1) 
RATIO( 0) 
£PS.( 2) 

1000000+01 
1516805-01 
1000000+01 
7164316-02 

LAMBDA = 932950859+00 

LAMBDA = 932544647+00 
ITERATIONS 2 ...EIGENVALUE 
LEVELS ..FLUX NORMALIZATION 

932544647+00 ..REACTIVITY(PERCENTAGE) =-723347166+01 DOMINANCE 
135523405+14 POWER NORMALIZATION = 895444315+12 ... POWER VOLUME 

378273101+00 
330365192+06 
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PLANE GROUPING 1 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HEAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) FLUX 
SET (DEG. F) (DEG. F) (FRACT.. CHANGE) 

VAPOR 
(VOL. FRACT.) (BTU/HR.-SQ. FT.) 

1 62824890+03 82793931+03 18264769-01 27471595-05 27863875+05 
2 57645254+03 83376184+03 17150048-01 00000000+00 19918312+05 
3 59270308+03 83718440+03 12755118-01 00000000+00 25914083+05 
4 '57646678+03 63376497+03 17146062-01 00000000+00 19923502+05 
5 67133803+03 86981409+03 -33625490-01 00000000+00 35469079+05 
6 70237047+03 58548753+03 -61452484-01 22221168-04 39008797+05 
7 89272785+03 53718979+03 12748191-01 25923144+05 
8 70238433+03 58549361+03 -61466082-01 24724087-04 39012891+05 
9 71582594+03 58474058+03 -60175333-01 19467162-03 47979324+05 

PLANE GROUPING 2 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HEAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) 
FLUX 

SET (DEG. F) (DEG. F) (FRACT. CHANGE) 
VAPOR 

(VOL. FRACT.) (BTU/HR.-SQ. FT.) 
1 56691265+03 52279995+03 30277378-01 00000000+00 14874330+05 
2 54623499+03 52342901+03 30060408-01 00000000+00 10626288+05 
3 55353444+03 82385959+03 29544519-01 00000000+00 13828159+05 
4 54624308+03 82342949+03 30059835-01 00000000+00 10629840+05 
5 58284616+03 52811030+03 24479263-01 00000000+00 18938710+05 
6 59637627+03 53026825+03 21716080-01 00000000+00 20833017+05 
7 55354830+03 52386041+03 29543539-01 00000000+00 13834240+05 
8 59638547+03 53026923+03 21714799-01 00000000+00 20835613+05 
9 60417984+03 53016665+03 21848892-01 00000000+00 25624116+05 

PLANE GROUPING 3 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HEAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) FLUX 
SET (DEG. F) (DEG. F) (FRACT. CHANGE) 

VAPOR 
(VOL. FRACT.) (BTU/HR.-SQ. FT.) 

1 63250280+03 52526042+03 25214071-01 00000000+00 34281749+05 
2 58068093+03 52815296+03 24428688-01 00000000+00 24501593+05 
3 59823668+03 52992127+03 22169828-01 00000000+00 31876696+05 
4 58069613+03 52815475+03 24426557-01 00000000+00 24507855+05 
5 67254154+03 54709983+03 -13865978-03 00000000+00 43641738+05 
6 70721964+03 55625355+03 -12691562-01 00000000+00 48003524+05 
7 59826315+03 52992419+03 22166000-01 00000000+00 31887703+05 
8 70723911+03 55625741+03 -12696792-01 00000000+00 46008563+05 
9 72496732+03 55581531+03 -12097781-01 00000000+00 59040036+05 
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PLANE GROUPING 4 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT HOURS 

FUEL MODERATOR MODERATOR HEAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) FLUX 
SET (DEG. F) (DEG. F) (FRACT. CHANGE) 

VAPOR 
(VOL. FRACT.) (BTU/HR.-SQ. FT.) 

1 64476405+03 52831902+03 17735358-01 82414786-05 34356652+05 
2 58697798+03 53437703+03 16373489-01 00000000+00 24564352+05 
3 60636774+03 53798167+03 11732228-01 00000000+00 31957093+05 
4 58699405+03 53438026+03 16369302-01 00000000+00 24570361+05 
5 69732847+03 57267611+03 -36357143-01 oooooooe+oo 43734554+05 
6 72272163+03 59015804+03 -64349213-01 66663503-04 48097243+05 
7 60639589+03 53798731+03 11724989-01 00000000+00 31967644+05 
8 72272851+03 59016468+03 -64365697-01 74172262-04 48102086+05 
9 73841559+03 58929808+03 -63383627-01 58401486-03 59157579+05 

EDIT 
SET 

FUEL 
TEMPERATURE 
(DEG. F) 

PLANE GROUPING 5 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 
MODERATOR MODERATOR 
TEMPERATURE DENSITY 
(DEG. F) (FRACT. CHANGE) 

0. HOURS 

(VOL^'^^SJcT.) 
HEAT 
FLUX 

(BTU/HR.-Sa. FT.) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

60747983+03 
56169871+03 
57350482+03 
56171016+03 
64414407+03 
67717015+03 
57352450+03 
67718538+03 
68409491+03 

53025986+03 
53882853+03 
54377319+03 
53883294+03 
59021064+03 
61292502+03 
54378066+03 
61293346+03 
6 1190027+03 

11844878-01 
10647969-01 
43632978-02 
10642326-01 

-64380666-01 
-10731666+00 
43535841-02 
-10733576+00 
-10504459+00 

00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 

14951026+05 
10688991+05 
13908458+05 
10692290+05 
19030945+05 
20925625+05 
13914084+05 
20926024+05 
25740358+05 

MAXIMUM RELATIVE ERROR OF FUEL TEMPERATURE 30931472-03 
TEMPERATURE-FEEDBACK CONVERGED 

S P A T I A L - I T E R A T I O N R E S U L T S 
SIG/I = 0000000+00 
SIG/O B 0000000+00 

MAX. 
MIN. 

S 9363019+00 
= 9283450+00 

GAMMA = 
PT/AV B 

1000121+01 
1258224+01 

RATIO( 0) 
EPS.C 1) 

= 1000000+01 
s 4465459-02 LAMBDA = 932139443+00 

SIG/I = 7805720+00 
SIG/O = 9285736+00 
SIG/I = 9124615+00 
SIG/O B 9117453+00 
SIG/I = 9162685+00 
SIG/O S 9160081+00 

MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
MIN. 

= 9367231+00 
S 9297607+00 
= 9358801+00 
= 9301043+00 
= 9350769+00 
3 9306037+00 

GAMMA B 
PT/AV = 
GAMMA = 
PT/AV B 
GAMMA . 

1000523+01 
1333119+01 
1000101+01 
1187582+01 
1000022+01 
1097536+01 

RATIOC 1) 
EPS.( 2) 
RATIOC 2) 
EPS.C 3) 
RATIOC 1) 
EPS.C 4) 

s 1000000+01 
= 4391931-02 
= 3520453+00 
B 3387103-02 
= 2633658+00 
= 2504280-02 

LAMBDA = 932627109+00 

LAMBDA = 932720877+00 

LAMBDA = 932741045+00 

= 
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SIG/I :: 9185162+00 SIG/O = 9185219+00 
SIG/I = 
SIG/O = 
SIG/I = 
SIG/O = 
SIG/I '= 
SIG/O = 

9185356+00 
9185313+00 
9185438+00 
9185415+00 

MAX. = 
MIN. B 
MAX. = 
MIN. = 
MAX. S 
MIN. = 

9347818+00 
9309578+00 
9341125+00 
9315205+00 
9336367+00 
9319990+00 

GAMMA = 
PT/AV B 
GAMMA = 
PT/AV = 
GAMMA = 
PT/AV = 

1000031+01 
1096282+01 
1000017+01 
1049467+01 
1000017+01 
1066505+01 

9185399+00 
9185393+00 MAX. 

MIN. 
9333112+00 
9323085+00 

GAMMA S 1000008+01 
PT/AV = 1073319+01 

RATIO( 
EPS.( 
RATIOC 
EPS.C 
RATIO( 
EPS.( 
RATIO( 
EPS.( 

SlG/I = 9185472+00 MAX. = 9330968+00 GAMMA = 1000001+01 RATIO( 
SIG/O = 9185479+00 MIN. S 9324983+00 PT/AV B 1118708+01 EPS.C 

2) = 9710644+00 
5) = 2156978-02 
3) = 9655038+00 
6) = 1422264-02 
4) B 9560305+00 
7) = 8954801-03 
5) = 9447255+00 
8) B 5388494-03 
6) = 9316067+00 
9) B 3335772-03 

SIG/I = 9185661+00 MAX. S 9329820+00 
SIG/O = 9185703+00 MIN. S 9326230+00 

GAMMA B 1000002+01 RATIOC 7) S 9176483+00 
PT/AV S 1137318+01 EPS.C 10) B 2021306-03 

SIG/I 
SIG/O 

9186162+00 
9186206+00 

MAX. = 
MIN. S 

9329112+00 
9326880+00 

SIG/I = 9186944+00 
SIG/O = 9187025+00 

MAX. 
MIN. 

9328725+00 
9327325+00 

GAMMA B 9999996+00 
PT/AV = 1237191+01 
GAMMA = 1000000+01 
PT/AV B 1305747+01 

RATIOC 8) = 9002377+00 
EPS.C 11) B 1321440-03 
RATIOC 9) = 8607200+00 
EPS.C 12) B 6474225-04 

ITERATIONS 12 ...EIGENVALUE 
LEVELS ..FLUX NORMALIZATION 

= 932811508+00 ..REACTIVITYCPERCENTAGE) 
= 136199967+14 POWER NORMALIZATION 

=-720279405+01 
= 899914565+12 

LAMBDA = 932769838+00 

LAMBDA = 932785838+00 

LAMBDA = 932801429+00 

LAMBDA = 932808524+00 

LAMBDA = 932809438+00 

LAMBDA = 932811545+00 

LAMBDA = 932811217+00 

LAMBDA = 932811508+00 
DOMINANCE = 909660498+00 

.POWER VOLUME = 330365192+06 

EDIT 
SET VOLUME 

803052890+06 

I N T E G R A T I O N E D I T S 

GROUP 1 
127312123+20 
158535166+14 

PLANE GROUPING 1 
FLUX INTEGRALS FOLLOWED BY FLUX AVERAGES 

2 
296951054+19 
369777705+13 

EDIT 
SET 

POWER 
FRACTION 

RELATIVE 
POWER DENSITY 

PLANE GROUPING 1 
INTEGRATED POWER EDIT 

GROUP FRACTION OP EDIT-SET POWER 
GROUP 1 2 

1 853896937+00 351281752+00 208708359+00 791291641+00 

PLANE GROUPING 1 
INTEGRATED ABSORPTION EDIT 

EDIT GROUP FRACTION OF TOTAL ABSORPTION FOLLOWED BY GROUP FRACTION OF EDIT-SET ABSORPTION 
SET ABSORP. FRACT. GROUP 1 2 

853769994+00 280450030+00 573319964+00 

= 

1 
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328484290+00 671515710+00 

PLANE GROUPING 1 
TOTAL GROUP-INDEPENDENT BUCKLING, K INFINITY, AND K EFFECTIVE EDITS 

EDIT K INFINITY FOLLOWED BY K EFFECTIVE 
SET GP. IND. BUCK. SUM GROUP 1 2 

1 434411314-03 954492044+00 
932811508+00 

205312627+00 
200979484+00 

749179417+00 
731832024+00 

EDIT 
SET D 

13509967+01 

PLANE GROUPING 1 
FLUX-WEIGHTED AVERAGE MACROSCOPIC DATA 

GROUP 1 
SIGMA A SIGMA R NU SIGMA F 

88685385-02 18167875-01 66509170-02 
K SIGMA F 
69991539-13 

BUCKLING 
43146550-03 

EDIT 
SET 

34258777+00 

PLANE GROUPING 1 
FLUX-WEIGHTED AVERAGE MACROSCOPIC DATA 

GROUP 2 
SIGMA A SIGMA R NU SIGMA F 

77728184-01 00000000+00 86658129-01 
K SIGMA F 
11376984-11 

BUCKLING 
47616221-03 

S U B - C A S E D E S C R I P T I O N 
SUB-CASE 2 OF 2 
SUB-CASE IDENTIFICATION - 15MW 
CONFIGURATION- 0 
FLUX CUF^S - PREVIOUS 
CONTROL FEEDBACK - NO 
TEMPERATURE FEEDBACK - YES 
XENON FEEDBACK - NO 
CONCENTRATION BEP^CEMENT - NO 
DEPLETION PATH - SPATIAL / DEPLETE 
INITIAL TIME (EFPH) - 000000+00 
DEPLETION INTERVAL (HOURS) - 000000+00 
DEPLETION INTERVAL (EFPH) - 000000+00 
POWER FRACTION - 150000+00 
POWER LEVEL - 180000+08 
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////// 

1 

D 
1 
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S P A T I A L - I T E R A T I O N R E S U L T S 
GROUP 
GROUP 
GROUP 

1 
1 
1 

PASS 1 
PASS 2 
PASS 3 

GROUP 2 PASS 1 
GROUP 
GROUP 

1 
2 

IT. = 3 
IT. = 3 

SIG/I 
SIG/O 

s 
s eeeoooo+oo 
0000000+00 

GROUP 
GROUP 

1 
2 

IT. = 3 
IT. = 3 

SIG/I 
SIG/O 

S 
s 

1434334+00 
1359757+00 

RHO = 7009167+00 
RHO = 7072209+00 
RHO = 7086198+00 
RHO = 2633467+00 
R(l) = 1224446+01 
R( 1) = 3860312+00 
MAX. = 9309522+00 
MIN. = 9302094+00 
R(1) = 1774679+00 
R( 1) = 4424499-01 
MAX. = 9325648+00 
MIN s o a 1 QQOfi+aa 

OMEGA( 8) = 1292921+01 
OMEGA( 16) = 1297782+01 
OMEGA( 24) = 1298873+01 
OMEGA( 8) 1076261+01 

SIGMA = 6938469+00 
SIGMA = 9532413+00 
SIGMA = 9382215+00 
SIGMA = 2622521+00 

DELTA( 
DELTA( 
DELTA( 
DELTA( 

3) = 1000000+00 
3) = 1000000+00 
3) = 1000000+00 
1) = 1000000+00 

MIN. 9319293+00 

DELTA = 3563001+00 
DELTA = 5437947-02 
GAMMA = 9970102+00 
PT/AV = 1057855+01 
DELTA = 1429657+00 
DELTA = 7267339-02 
GAMMA = 9996078+00 
PT/AV = 2291438+01 

RATIO( 0) = 1000000+01 
EPS.( 1) = 3170276-02 

RATIO( 0) = 1000000+01 
EPS.( 2) = 9353536-03 

LAMBDA 

LAMEDA 

933167829+00 

932801842+00 
ITERATIONS 2 ...EIGENVALUE 
LEVELS ..FLUX NORMALIZATION 

932801842+00 
409992041+14 

.REACTIVITYCPERCENTAGE) «■ 
POWER NORMALIZATION = 720390494+01 DOMINANCE = 482593709-01 

flSR VOLUME = 3 3 0 3 6 5 1 9 2 + 0 6 .POWER NORMALIZATION = 902980664+12 ...POWER VOLUME = 330365192+06 
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////// 

PLANE GROUPING 1 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HEAT 
a)iT TEMPERATURE TEMPERATURE DENSITY VAPOR FLUX 
SET (DEG. F) (DEG. F) (FRACT. CHANGE) (VOL. FRACT.) (BTU/HR.-SQ. FT.) 

1 75122181+03 53118029+03 -39971912-01 36158696-01 84079911+05 
2 68441807+03 55611098+03 -13296454-01 00000000+00 60045135+05 
3 73249301+03 56567788+03 -27693527-01 00000000+00 78154667+05 
4 68441998+03 55611136+03 -13296996-01 00000000+00 60045853+05 
5 80619018+03 61994988+03 -35481231+00 30487227+00 10704936+06 
6 82141888+03 62869952+03 -51735371+00 51773039+00 11781838+06 
7 73249622+03 56567852+03 -27694513-01 00000000+00 78155877+05 
8 82141908+03 62869955+03 -51735433+00 51773125+00 11781852+06 
9 85989070+03 62858164+03 -51024231+00 50770354+00 14503692+06 

EDIT 
SET 

1 
2 
3 
4 

FUEL 
TEMPERATURE 
(DEG. F) 

65169785+03 
59220677+03 
61336696+03 
59220762+03 

PLANE GROUPING 2 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 
MODERATOR MODERATOR 

TEMPERATURE DENSITY 
CDEG. F) CFRACT. CHANGE) 

52423272+03 
52614215+03 
62739204+03 
62614220+03 

27406764-01 
26818354-01 
25331663-01 
26818295-01 

0. HOURS 
VAPOR 

(VOL. FRACT.) 
00000000+00 
00000000+00 
00000000+00 
00000000+00 

HEAT 
FLUX 

(BTU/HR.-SQ. FT.) 
43158138+05 
30801549+05 
40095883+05 
30801919+05 

S 

s 
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5 
6 
7 
8 
9 

69741744+03 
73639609+03 
61336843+03 
73639640+03 
75927190+03 

53905422+03 
54524633+03 
52739212+03 
54524636+03 
54497231+03 

10359402-01 
24420892-02 
25331559-01 
24420425-02 
28247479-02 

00000000+00 00000000+00 00000000+00 
00000000+00 
00000000+00 

54961246+05 
60510809+05 
40096530+05 
60510898+05 
74496404+05 

EDIT 
SET 

FUEL 
TEMPERATURE 
(DEG. F) 

WEIGHTED THERMAL-
MODERATOR 
TEMPERATURE 
CDEG. F) 

PLANE GROUPING 3 
-HYDRAULIC RESULTS AT 

MODERATOR 
DENSITY 

CFRACT. CHANGE) 

0. HOURS 
VAPOR 

(VOL. FRACT.) 
HEAT 
FLUX 

(BTU/HR.-SQ. FT.) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

77759197+03 
69906215+03 
75216029+03 
69906419+03 
84286157+03 
86180877+03 
75216380+03 
86180903+03 
90959566+03 

52954266+03 
53959516+03 
54478195+03 
53959536+03 
59060441+03 
60692357+03 
54478230+03 
60692365+03 
60652608+03 

-68070897-03 
96684326-02 
30907413-02 
96681743-02 
-10890492+00 
-24083845+00 
30902680-02 
-24083896+00 
-23253357+00 

11210176-01 
00000000+00 
00000000+00 
00000000+00 
55909674-01 
19280213+00 
00000000+00 
19280262+00 
18267066+00 

10441686+06 
74541643+05 
97029444+05 
74542505+05 
13295784+06 
14636439+06 
97030930+05 
14636477+06 
18019207+06 

PLANE GROUPING 4 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT HOURS 

FUEL MODERATOR MODERATOR HEAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR FLUX 
SET (DEG. F) CDEG. F) CFRACT. CHANGE) (VOL. FRACT.) (BTU/HR.-SQ. F 

1 78908686+03 53207044+03 -46208461-01 37942940-01 10454097+06 
2 71747870+03 55843597+03 -15638028-01 00000000+00 74666923+05 
3 77528928+03 56871359+03 -30564607-01 00000000+00 97184053+05 
4 71748101+03 55843640+03 -15638598-01 00000000+00 74667814+05 
5 84305347+03 63968871+03 -38075776+00 30228162+00 13309361+06 
6 86196169+03 65270069+03 -57572742+00 55788494+00 14647281+06 
7 77529310+03 56871427+03 -30565601-01 00000000+00 97185545+05 
8 86196193+03 65270069+03 -57572830+00 55788629+00 14647298+06 
9 90975928+03 65270069+03 -56722321+00 54486422+00 18030777+06 

EDIT 
SET 

FUEL 
TEMPERATURE 
CDEG. F) 

PLANE GROUPING 5 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 
MODERATOR MODERATOR 

TEMPERATURE DENSITY 
CDEG. F) CFRACT. CHANGE) 

0. HOURS 
VAPOR 

CVOL FSXCT.) 

HEAT 
FLUX 

(BTU/HR.-SQ. FT.) 
1 
2 
3 
4 
5 
6 
7 

68698661+03 
63671336+03 
67002946+03 
63671475+03 
73265551+03 
74048617+03 
67003175+03 

53199115+03 
57100297+03 
58475637+03 
57100352+03 
6^270069+03 
65270069+03 
58475729+03 

-73026572-01 
-33919767-01 
-55606716-01 
-33920563-01 
-57477423+00 
-73549527+00 
-55608207-01 

59322973-01 
00000000+00 
00000000+00 
00000000+00 
55642552+00 
80250411+00 
00000000+00 

43281899+05 
30926840+05 
40250503+05 
30927239+05 
55096626+05 
60617748+05 
40251156+05 
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6 
9 

74048628+03 
76031693+03 

65270069+03 
65270069+03 

-73549574+00 
-73097015+00 

MAXIMUM RELATIVE ERROR OF FUEL TEMPERATURE 
TOTAL FLOW IN FUELED TRACKS 

80250482+00 
79557574+00 

60617827+05 
74610919+05 

= 70902346-01 
= 39137776+06 

S P A T I A L I T E R A T I O N R E S U L T S 
SIG/I = 0000000+00 MAX. = 9462165+00 GAMMA = 1007570+01 
SIG/O = 0000000+00 MIN. = 9252531+00 PT/AV = 1717901+01 

RATIO( 0) = 1000000+01 
EPS.( 1) = 1421212-01 LAMBDA 932957164+00 

SIG/I = 1758720+00 MAX. = 9366604+00 GAMMA = 1000763+01 RATIOC 0) = 1000000+01 
SIG/O = 1443385+00 MIN. = 9321961+00 PT/AV = 2892411+01 EPS.C 2) = 3439536-02 LAMBDA = 933669024+00 
ITERATIONS 2 ...EIGENVALUE = 933669024+00 ..REACTIVITYCPERCENTAGE) =-710433502+01 DOMINANCE = 843021743-01 
LEVELS ..FLUX NORMALIZATION = 409987213+14 POWER NORMALIZATION = 902970030+12 ...POWER VOLUME = 330365192+06 

PLANE GROUPING 1 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HEAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) 
FLUX 

SET CDEG. F) CDEG. F) CFRACT. CHANGE) 
VAPOR 

(VOL. FRACT.) (BTU/HR.-SQ. FT.) 
1 75133324+03 53119818+03 -39929583-01 36087552-01 84053854+05 
2 68496078+03 55621230+03 -13439616-01 00000000+00 60252542+05 
3 73312667+03 56579535+03 -27877731-01 00000000+00 78398693+05 
4 68495982+03 55621216+03 -13439415-01 00000000+00 60252156+05 
5 80592781+03 61999392+03 -35468283+00 30460467+00 10686409+06 
6 82077049+03 62873189+03 -51652999+00 51648587+00 11736004+06 
7 73312586+03 56579487+03 -27876973-01 00000000+00 78397500+05 
8 82077039+03 62873199+03 -51653085+00 51648695+00 11735997+06 
9 85901323+03 62861737+03 -50929796+00 50627859+00 14441621+06 

PLANE GROUPING 2 
WEIGHTED THERMAL-HYDRAULIC RFSULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HFAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) 
FLUX 

SET CDEG. F) CDEG. F) (FRACT. CHANGE) 
VAPOR 

(VOL. FRACT.) (BTU/HR.-SQ. FT.) 
1 65191939+03 52423620+03 27399627-01 00000000+00 43236307+05 
2 59237441+03 52615205+03 26806563-01 00000000+00 30875161+05 
3 61357856+03 52740454+03 25316813-01 00000000+00 40188853+05 
4 59237443+03 52615205+03 26806561-01 00000000+00 30875171+05 
5 69772182+03 53908330+03 10322235-01 00000000+00 55057232+05 
6 73663793+03 54527236+03 24057513-02 00000000+00 60579769+05 
7 61357813+03 52740451+03 25316843-01 00000000+00 40188664+05 
8 73663886+03 54527246+03 24056110-02 00000000+00 60580035+05 
9 75955752+03 54499974+03 27864384-02 00000000+00 74586926+05 

= 
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PLANE GROUPING 3 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HEAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) FLUX 
SET (DEG. F) (DEG. F) (FRACT. CHANGE) 

VAPOR 
(VOL. FRACT.) (BTU/HR.-SQ. F 

1 77786643+03 52955017+03 -69856898-03 11211172-01 10451479+06 
2 69960270+03 53964292+03 96074725-02 A A A A A A A A X A A 74772647+05 
3 78281831+03 54484083+03 30084639-02 00000000+00 97309806+05 
4 69960198+03 53964288+03 96075207-02 00000000+00 74772327+05 
8 84298204+03 59065820+03 -10925178+00 56247575-01 13302185+06 
6 86182648+03 60691862+03 -24065064+00 19256459+00 14616480+06 
7 76281277+03 54484065+03 30087257-02 00000000+00 97308701+05 
8 86182692+03 60691883+03 -24065181+00 19256569+00 14616513+06 
9 90920821+03 60651976+03 -23229789+00 18237261+00 17991546+06 

FT.) 

PLANE GROUPING 4 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 0. HOURS 

FUEL MODERATOR MODERATOR HEAT 
EDIT TEMPERATURE TEMPERATURE DENSITY VAPOR 

(VOL. FRACT.) FLUX 
SET (DEG. F) (DEG. F) (FRACT. CHANGE) 

VAPOR 
(VOL. FRACT.) (BTU/HR.-SQ. FT.) 

1 78914611+03 53209108+03 -46137628-01 37843961-01 10445792+06 
2 71817008+03 55854753+03 -15788172-01 00000000+00 74941192+05 
3 77608868+03 56883868+03 -30748538-01 00000000+00 97503563+05 
4 71816869+03 55854738+03 -15787968-01 00000000+00 74940608+05 
8 84257731+03 63969577+03 -38065860+00 30211486+00 13275673+06 
6 86092499+03 65270069+03 -57449215+00 55599363+00 14573916+06 
7 77608460+03 56883818+03 -30747799-01 00000000+00 97501868+05 
8 86092466+03 65270069+03 -57449335+00 55599546+00 14573892+06 
9 90835815+03 65270069+03 -56580888+00 54269875+00 17931569+06 

EDIT 
SET 

1 
2 
3 
4 
6 
6 
7 
8 
9 

FUEL 
TEMPERATURE 
(DEG. F) 

68698719+03 
63710956+03 
67048262+03 
63710879+03 
73225409+03 
73986002+03 
67048020+03 
73985959+03 
75947633+03 

PLANE GROUPING 8 
WEIGHTED THERMAL-HYDRAULIC RESULTS AT 
MODERATOR MODERATOR 
TEMPERATURE DENSITY 
(DEG. F) (FRACT. CHANGE) 

53201726+03 
57115254+03 
58493281+03 
57115230+03 
65270069+03 
65270069+03 
58493202+03 
65270069+03 
65270069+03 

-72952553-01 
-34138147-01 
-55893119-01 
-34137797-01 
-57413811+00 
-73444717+00 
-55891845-01 
-73444738+00 
-72978711+00 

0. HOURS 

(VOL^^SJCT.) 
59207623-01 
00000000+00 
00000000+00 
00000000+00 
65545156+00 
80089937+00 
00000000+00 
80089969+00 
79376439+00 

HEAT 
FLUX 

(BTU/HR.-SQ. FT.) 
43188857+05 
31043787+05 
40382711+05 
31043533+05 
54813680+05 
60176164+05 
40381931+05 
60175866+05 
74017491+05 

MAYIMUM RELATIVE ERROR OF FUEL TEMPERATURE = 61194888-03 
TEMPERATURE-FEEDBACK CONVERGED 
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S P A T I A L - I T E R A T I O N R E S U L T S 
SIG/I 
SIG/O 

A A A A A A A x A A 
0000000+00 

MAX. 
MIN. 

S 9380886+00 
9319512+00 

GAMMA 
PT/AV 

S 
S 
9999391+00 
2692362+01 

RATIO( 
EPS,( 

0) 
1) 

— 1000000+01 1941816-02 LAMBDA » 933764364+00 
SIG/I 
SIG/O 

8043694+00 
8291358+00 

MAX. 
MIN. = 

9344138+00 
9320184+00 

CAMHA 
PT/AV 

= 9998492+00 
2874695+01 

RATIO( 
EPS.( 

1) 
2) 

a 1000000+01 
1719186-02 LAMBDA = 933623520+00 

SIG/I 
SIG/O 

8300197+00 
8354313+00 

MAX. 
MIN. 

= 9341603+00 
9324669+00 

GAMMA 
PT/AV 

s 9999824+00 
2737066+01 

RATIO( 
EPS.( 

2) 
3) 

s 8464777+00 
1221301-02 LAMBDA - 933607128+00 

SIG/I 
SIG/O 

8698969+00 
8757896+00 

MAX. 
MIN. 

s 9340603+00 
9329477+00 

GAMMA 
PT/AV s 

1000009+01 
2208285+01 

RATIO( 
EPS.( 

1) 
4) s 

4462563+00 
7155154-03 LAMBDA = 933615735+00 

SIG/I 
SIG/O 

9417821+00 
9438899+00 

MAX. 
MIN. s 

9339847+00 
9330754+00 

GAMMA 
PT/AV 

s 9999981+00 
1959231+01 

RATIOC 
EPS.C 

2) 
6) 

S 4184051+00 
5768994-03 LAMBDA = 933613984+00 

SIG/I 
SIG/O 

9483406+00 
9492843+00 

MAX. 
MIN. s 

9339166+00 
9332416+00 

GAMMA 
PT/AV 

s 
s 

1000003+01 
1610086+01 

RATIOC 
EPS.( 

1) 
6) 

s 2981051+00 
4019916-03 LAMBDA = 933616916+00 

SIG/I 
SIG/O 

9861422+00 
9559962+00 

MAX. 
MIN. = 

9338915+00 
9332758+00 

GAMMA 
PT/AV 

s 9999999+00 
1584035+01 

RATIOC 
EPS.C 

2) 
7) 

s 8428250+00 
3652636-03 LAMBDA = 933616815+00 

SIG/I 
SIG/O 

9562646+00 
9661936+00 

MAX. MIN. s 
9338442+00 
9333403+00 

GAMMA 
PT/AV 

s 1000001+01 
1585406+01 

RATIO( 
EPS.( 

3) 
6) 

s 8240641+00 
2969101-03 LAMBDA S 933617534+00 

SIOI 
SIG/O 

9864828+00 
9564650+00 

MAX. 
MIN. 

s 
= 
9338010+00 
9334088+00 

GAMMA 
PT/AV 

s 
s 

1000001+01 
1678316+01 

RATIO( 
EPS.C 

4) 
9) s 

7862255+00 
2242556-03 LAMBDA = 933618127+00 

SIG/I 
SIG/O 

9867347+00 
9567392+00 

MAX. 
MIN. 

= 9337593+00 
9334727+00 

GAMMA 
PT/AV = 

9999999+00 
1474855+01 

RATIOC 
EPS.C 

5) 
10) 

s 7417986+00 
1556502-03 LAMBDA = 933618029+00 

SIG/I 
SIG/O 

S 
a 
9569538+00 
9569360+00 

MAX. 
MIN. 

s 
s 
9337255+00 
9335147+00 

GAMMA 
PT/AV 

r 1000000+01 
1465393+01 

RATIOC 
EPS.C 

6) 
11) = 

7008564+00 
1149054-03 LAMBDA = 933618255+00 

SIG/I 
SIG/O 

s 
s 
9570807+00 
9670634+00 

MAX. 
MIN. 

s 9336998+00 
9335413+00 

GAMMA 
PT/AV 

a 1000000+01 
1489328+01 

RATIOC 
EPS.C 

7) 
12) s 

6683101+00 
8740362-04 LAMBDA = 933618232+00 

ITERATIONS 12 ...EIGENVALUE 
LEVELS ..FLUX NORMALIZATION 

= 933618232+00 ..REACTlVITY(PERCENTAGE) 
= 409915348+14 POWER NORMALIZATION 

=-711016192+01 .. 
= 902811753+12 .. 

DOMINANCE 
.POWER VOLUME 

B 
B 

952311845+00 
330365192+06 

I N T E G R A T I O N E D I T S 

EDIT SET VOLUHE 
803052890+06 

PLANE GROUPING 1 FLUX INTEGRALS FOLLOWED BY FLUX AVERAGES 2 GROUP 1 
384508729+20 890436577+19 478808723+14 110881436+14 1 



PDQ-8 REFERENCE MANUAL 
APPENDIX D 

( 5 / 7 8 ) 
SAMPLE PROBLEM*2 

EDIT 
SET 

POWER 
FRACTION 

RELATIVE 
POWER DENSITY 

8 5 2 2 2 0 5 7 2 + 0 0 3 5 0 5 9 2 1 1 8 + 0 0 

PLANE GROUPING 1 
INTEGRATED POWER EDIT 

GROUP FRACTION OF EDIT-SET POWER 
GROUP 1 2 

2 1 0 3 3 2 6 3 3 + 0 0 7 8 9 6 6 7 3 6 7 + 0 0 

PLANE GROUPING 1 
INTEGRATED ABSORPTION EDIT 

EDIT GROUP FRACTION OF TOTAL ABSORPTION FOLLOWED BY GROUP FRACTION OF EDIT-SET ABSORPTION 
SET ABSORP. FRACT. GROUP 1 2 

8 5 2 0 3 8 8 0 4 + 0 0 2 8 0 6 2 4 7 8 9 + 0 0 
3 2 9 3 5 6 8 1 8 + 0 0 

5 7 1 4 1 4 0 1 5 + 0 0 
6 7 0 6 4 3 1 8 2 + 0 0 

PLANE GROUPING 1 
TOTAL GROUP-INDEPENDENT BUCKLING, K INFINITY, AND K EFFECTIVE EDITS 

EDIT K INFINITY FOLLOWED BY K EFFECTIVE 
SET GP. IND. BUCK. SUM GROUP 1 2 

4 3 3 7 5 7 1 4 4 - 0 3 9 5 5 5 6 1 6 6 3 + 0 0 
9 3 3 6 1 6 2 3 2 + 0 0 

2 0 7 1 6 6 7 3 9 + 0 0 
2 0 2 7 0 8 9 6 9 + 0 0 

7 4 8 3 9 3 1 2 4 + 0 0 
7 3 0 9 0 9 2 6 3 + 0 0 

EDIT 
SET 

13564276+01 

PLANE GROUPING 1 
FLUX-WEIGHTED AVERAGE MACROSCOPIC DATA 

GROUP 1 
SIGMA A SIGMA R NU SIGMA F 

8 6 0 5 5 1 4 9 - 0 2 1 7 9 6 1 9 2 0 - 0 1 5 5 4 5 9 1 1 1 - 0 2 

K SIGMA F 

6 9 9 2 6 8 1 2 - 1 3 

BUCKLING 

4 3 6 1 0 6 7 7 - 0 3 

EDIT 
SET D 

3 4 4 6 6 3 5 0 + 0 0 

PLANE GROUPING 1 
FLUX-WEIGHTED AVERAGE MACROSCOPIC DATA 

GROUP 2 
SIGMA A SIGMA R NU SIGMA F 

7 7 4 2 5 2 8 7 - 0 1 0 0 0 0 0 0 0 0 + 0 0 8 6 3 5 0 8 4 9 - 0 1 

K SIGMA F 

1 1 3 3 6 6 4 3 - 1 1 

BUCKLING 

4 0 0 2 6 6 2 4 - 0 3 

* E N D O F O U T P U T * 
* * 

PDQOBC WAPD-TH-1266) 

D 

1 

1 



PDa-B REFERENCE MANUAL 
APPENDIX D (8/78) 

SAMPLE PROBLEM 3 

SSSSSSSSMSSSMSMtSS /BEGIN/ CARD INPUT DATA FOR CASE 
* PDQ08 3-D EXPLICIT VS. KAPLAN SYNTHESIS COMPARISON 

0001 5,5 
0002 010002,0,0,1,1,0,0 
0003 010003,1.18093,9-3 
0004 010004,1+1,0+0 
0005 010012,-1 
0006 010013,-1 
0007 010014,-1 
0008 010015,-1 
0009 010021,(),(),(),/2/SECTIONl,/4/SECTI0N2.C) 
0010 010022,/10/1 
0011 0I10O0,/8/0 
0012 011001,1,0,1,2 
0013 011001,1,0,1,-5 
0014 014001,1,0,1,-5 
0015 015001,0,-11 
0016 030001,1,1,1,2,2,5 
0017 030031,1,2,1,2,3,5 
0018 030081,1,3,1,2,1,5 
0019 050011,10+2,6 
0020 050021,0.5,2 
0021 060001,1,2,3,4,5,6,7,8,9,10,11 
0022 070001,10+2,11 
0023 110001,1,1,2,2,3,3 
0024 170001,1,10.0,0,0,0 
0025 401000,1 
0026 401100,135+1,15-1,6-2,2-1,1, 
0027 401200,5+0,38+0,0+0,75+0,2. 
0028 402000,2 
0029 402100,125+1,7-2,13-1,5-3.3. 
0030 402200,65+0,7-1,0+0,1+0,4. 
0031 403000,3 
0032 403100,145+1,20-1,8-2,3-1,5. 
0033 403200,68+0,25+0,0+0,42+0,6. 
0034 150000, 1 
0035 150000 
0036 150001,1,2,3,4,5 
0037 160000,1 
0038 700000,1 
0039 800100,6,2,1,0,2 
0040 800101,1,0,3,0,2,2,3,6,0,2 
0041 800102,3,4,5,0,2,4,5,6,0,2 

=EXPLIGIT-1 3-D 
0042 010001,2,0,2,+!,1,1,1,5,3,2,6,2,11,0,0 • EXPLICIT 
0044 010006,0,1,0,1,3,9,0,0,-3 
0045 2000,60,0 

1 SMSsssssssesssssssss 

ssessssss«8ssssssssss / / E N D / / CARD INPUT DATA FOR CASE 1 MSSSSSSSSSSSSSSSSSSS 

P R O B L E M I N P U T D E S C R I P T I O N 
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SAMPLE PROBLEH 3 

PROGRAM IDENTIFICATION PROGRAM(VERSION-DATE) - PDQ08(WAPD-TH-1266) - COHPUTER - CDC-7600 _ 
SPATIAL DESCRIPTION ITERATION SOLUTION - EIGENVALUE - ADJOINT SOLUTION - NO 
FEW-GROUP DESCRIPTION NUHBER OF GROUPS - 2 - FAST GROUP - P-1 

THERHAL GROUPS - 1 - SOLUTION GROUPS - 2 
GEOHETRY PARAHETERS DIMENSIONALITY, TYPE - 3-D RECTANGULAR - BLOCK MESH TYPE - GROSS/FINE 

COMPOSITIONS - REGIONS - INPUT MESH UNITS - CENTIMETERS 
- LARGEST FINAL FIGURE - 1 -LARGEST PLANAR REGION - 5 
- LARGEST COMPOSITION - 3 - COLUMN BOUNDARY - 6 

ROW BOUNDARY - 2 - PLANE BOUNDARY - 11 
MESH ELEMENTS - 132 - MESH POINTS - 252 

MESH GROUP-POINTS - 504 - SOLUTION POINTS - 150 
- NON-SOLUTION POINTS - 102 -SOLUTION GROUP-POINTS - 300 

BOUNDARY CONDITIONS COLUMN O - ZERO FLUX - COLUHN 6 - ZERO FLUX 
ROW 0 - ZERO CURRENT - ROW 2 - ZERO CURRENT 

PLANE 0 - ZERO FLUX - PLANE 11 - ZERO FLUX 
ITERATION PARAHETERS INPUT EIGENVALUE - 118093+01 -CONVERGENCE PARAMETER - 900000-03 

: ™!*?«e"! l>.-.i?®?®r!i : E=i<2^"! 2)-000000+00 
DATA STORAGE ALLOCATIONS - CENTOAL MEMORY- 3n99_WORDS EXffiNDED MEMORY -- _ 131072_WORDS 

- GRSSI BL6H^ / PLMI - 4 - Fiii SEocii / P L ^ - il 
- G GROSS BLOCK PLANES_- 11 - _ FINE BLOCK PLANES- 11 -

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////// 
S P A T I A L - I T E R A T I O N R E S U L T S 

GROUP 
GROUP 
GROUP 

1 
1 
1 

PASS 1 
PASS 2 
PASS 3 

RHO ■■ 
RHO = 
RHO : 

- 9942695+00 
= 9943048+00 
- 9949038+00 

GROUP 
GROUP 
GROUP 

2 
2 
2 

PASS 1 
PASS 2 
PASS 3 

RHO = 
RHO = 
RHO ■■ 

- 9427354+00 
■ 9560804+00 
= 9665903+00 

GROUP 
GROUP 

1 
2 

IT. = 43 
IT. = 14 

R(l) 
R(l) 

- 2894201+02 
= 1570643+02 

SIG/I 
SIG/0 S 0000000+00 

MAX. 
MIN. 

= 2273536+02 
= 2403766+00 

GROUP 
GROUP 

1 
2 

IT. = 43 
IT. = 14 

R(l) 
R(l) 

- 7301009+01 
= 1373289+01 

0HE6A( 8) = 1859255+01 
OHEGA( 16) = 1859658+01 
OMEGA( 24) ~ 1866738+01 
OHEGA( 8) = 1613814+01 
OMEGA( 16) = 1653480+01 
OMECA( 24) - 1690927+01 
DELTA = 9284704-01 
DELTA = 1836947-01 

SIGHA - 9000000+00 
SIGMA = 9954886+00 
SIGMA = 9955068+00 
SIGMA ^ 9000000+00 
SIGMA = 9995000+00 
SIGMA = 9803717+00 

GAMHA = 1246499+02 RATIO( 0) 
PT/AV = 6226180+01 EPS.( 1) 
DELTA = 3187724-01 
DELTA = 7098543-01 

1000000+01 
2026862+02 

DELTAC 40) 
DELTA( 40) 
DELTA( 43) 
DELTA( 10) 
DELTA( 12) 
DELTA( 14) 

LAHBDA 

1000000+00 
1000000+00 
1000000+00 
1000000+00 
1000000+00 
1000000+00 

106896263+01 
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SIG/I = 2286068+00 MAX. s 1408321+01 GAMMA - 1038741+01 RATIO( 0) » 1000000+01 
SIG/O - 1682870+00 MIN. " 8042878+00 PT/AV » 1806782+01 EPS.( 2) - 2735906+00 
GROUP 1 
GROUP 2 
SIG/I 
SIG/O 

IT. 
IT. 

43 
14 

6008479+00 
7313750+00 

GROUP 1 
GROUP 2 

IT. - 43 
IT. = 14 

SIG/I s 7089633+00 
SIG/O = 7381710+00 
GROUP 1 
GROUP 2 

IT. = 43 
IT. = 14 

R( 1) = 
R(l) = 
MAX. -
MIN. = 
R(l) = 
R(l) « 
MAX. = 
MIN. « 
R(l) 
R(l) 

SIG/I s 7254313+00 MAX. -
SIG/O = 7482153+00 MIN. = 
ITERATIONS 8 ...EIGENVALUE 
LEVELS ..FLUX NORMALIZATION 

4337988+01 
1081993+01 
1328023+01 
8898364+00 
3066874+01 
7816148+00 
1281905+01 
9001585+00 
2218234+01 
8913800+00 

DELTA = 3764078-01 
DELTA = 7378790-01 
GAMMA = 1027877+01 RATIO( 
PT/AV = 2264884+01 EPS.C 
DELTA = 3038277-01 
DELTA = 7858671-01 
GAMMA " 1015385+01 RATIO( 
PT/AV = 2825432+01 EPS.C 
DELTA = 2577512-01 
DELTA = 7496916-01 

1251103+01 GAMMA » 1008593+01 RATIO( 
9378232+00 PT/AV = 3371865+01 EPS.C 
= 116547176+01 ..REACTIVITYCPERCENTAGE) ' 
= 316287831-01 POWER NORMALIZATION > 

0) = 1000000+01 
3) = 2444542+00 

0) - 1000000+01 
4) » 2210074+00 

1) = 1000000+01 
5) s 1953274+00 

LAMBDA 

LAMBDA 

110716839+01 

113803342+01 

LAMBDA s 113354176+01 

LAMBDA = 116547176+01 
141978355+02 DOMINANCE = 694923619+00 
316287831-01 ... POWER VOLUME = 660000000+04 

GROSS POINT RADIAL MAXIMUM ~ LOCATION ~ 
PLANE PLANES GROSS POWER FIGURE REGION 

4 003-004 236362+01 2 
5 004-008 270751+01 2 
6 008-006 295725+01 2 
7 006-007 322107+01 2 
8 007-008 348664+01 2 
9 008-009 190562+01 1 

AXIAL SHAPE OF RADIAL MAXIMUM 
GROSS POWER 

XXXXXXXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
X 

MAXIMUM GROSS BLOCK POWER IS 348664+01 IN GROSS BLOCK PLANE 8 (PLANES 007-008), FIGURE 1, REGION 

FINE POINT R 
PLANES ADIAL MAXIMUM LOCATION — PLANE 
POINT R 
PLANES FINE POWER FIGURE 

236362+01 1 REGION CHANNEL 
4 003-004 

FINE POWER FIGURE 
236362+01 1 2 4 

8 004-005 270751+01 1 2 4 
6 005-006 295725+01 1 2 4 
7 006-007 322107+01 1 2 4 
8 007-008 345664+01 1 2 4 
9 008-009 300453+01 1 1 3 

^ C K 

MAXIMUM FINE BLOCK POWER IS 345664+01 IN FINE BLOCK PLANE 

AXIAL SHAPE OF RADIAL MAXIMUM 
FINE POWER 

X 
XXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXKXXXXXXX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXKXXXXXXXXXXXXXXXXXXXXXXXXX 

8 CPLANES 007-008), FIGURE 
CHANNEL 

1, REGION 
4 , TRACK 

2 
1 

O U T P U T F I L N N G 
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POINTWISE FLUX OUTPUT FILE - (P=IEAF, I=SAMPLE PROBLEM FLUX ,T=220, V=0O1,S=POINTFLUX ) - 511 WORDS 
PARTITION POWER OUTPUT FILE - (P= lEAF, I=SAMPLE PROBLEM PPWR ,T=222.V=0O1,S=PARTPOWER ) - 1036 WORDS 
FINE BLOCK POWER OUTPUT FILE - (P= lEAF, I=SAMPLE PROBLEM POWR ,T=255,V=001 ,S=FINEPOWER ) - 75 WORDS 

EDIT INTEGRAL SECTION - (SECTION IDENTIFICATION = 224 , SIZE = 572 WORDS) 
GEOMETRY SECTION- (SECTION IDENTIFICATION = 251 , SIZE = 172 WORDS) 

S E C T I O N E D OUTPUT FILE - CP=1EAF, I=SAMPLE SECTION ONE ,T=250, V=001,S=SECTION1 ) - 744 WORDS 

GROSS BLOCK POWER SECTION - CSECTION IDENTIFICATION = 254 , SIZE = 28 WORDS) 

INTEGRATED FLUX ...SECTION - CSECTION IDENTIFICATION = 253 , SIZE = 276 WORDS) 
S E C T I O N E D OUTPUT FILE - CP= lEAF, I = SAMPLE SECTION TWO ,T=250, V=0O1,S=SECTION2 ) - 304 WORDS 

TOTAL AMOUNT OF DATA IN THESE OUTPUT FILES - 2670 WORDS 
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C«»S«SSSS«SS$CSSS«SSS /BEGIN/ CARD INPUT DATA FOR CASE =SYNTHESIS1 WITH 3-D EXPLICIT FOR TRIAL FUNCTIONS 0001 010005,0,1,0,1,0,11.1.1 0002 010006,0,1,0,1,0,11,0,0,-3 0003 600000,1 S DO SYNTHESIS RESIDUAL CALCULATION 0004 600001,4,4 0005 600002,11 0006 660004,123,0,4,0,,30 000? 600010,1 0008 600011,1,1.5,2,9,3,6,4 0009 601001,1,0,2,0 ,3,0,123,0 0010 602001. 1,() ,2,0 ,3,C) , 123,C) 0011 600002,6,11 0012 010001,5,0,2,+1,1,1,1.5.3.2,6,2.11,0.0 S SYNTHESIS SS$SSSSSSS8SSSSSS»«$S //END// CARD INPUT DATA FOR CASE /////// 

2 •«M«C«»«SS«MSSSS«8S 

2 SSSSSSSSSSSSSSSSSSSSS 

P R O B L E H I N P U T D E S C R I P T I O N 

PROGRAH IDENTIFICATION - - -PROGRAM(VERSION-DATE) - PDttOSCWAPD-TH-1266) - COHPUTER- CDC-7600 
SPATIAL DESCRIPTION ITERATION SOLUTION - SYNTHESIS _ - ADJOINT SOLUTION - NO _ 
FEW-GROUP DESCRIPTION NUHBER OF GROUPS - 2 - FAST GROUP - P-1 

: T « ? « ^ 2^^J.- * - ^^^Y^'J"^, ^^2"!^- ^ : 
GEOHETRY PARAMETERS DIMENSIONALITY, TYPE - 3-D RECTANGULAR - BLOCK MESH TYPE - GROSS/FINE COMPOSITIONS - REGIONS - INPUT MESH UNITS - CENTIMETERS - LARGEST FINAL FIGURE - 1 -LARGEST PLANAR REGION - 5 - LARGEST COMPOSITION - 3 - COLUHN BOUNDARY - 6 ROW BOUNDARY - 2 - PLANE BOUNDARY - 11 HESH ELEMENTS - 132 - MESH POINTS - 252 MESH GROUP-POINTS - 504 - SOLUTION POINTS - 150 - NON-SOLUTION POINTS - 102 -SOLUTION GROUP-POINTS - 300 
BOUNDARY CONDITIONS COLUMN 0 - ZERO FLUX - COLUMN 6 - ZERO FLUX ROW 0 - ZERO CURRENT - ROW 2 - ZERO CURRENT PLANE 0 - ZERO FLUX - PLANE 11 - ZERO FLUX 
ITERATION PARAMETERS INPUT EIGENVALUE - 118093+01 -CONVERGENCE PARAHETER - 900000-03 

: CHHGROOT 1)_-_ 100000+01 CHHGROUP 2) -000000+00 -
DATA STORAGE ALLOCATIONS - CENTOAL MEMORY- 31199_WORDS EXITENDED MEMORY_-- _ ̂ 31072_WORDS 
INPUT FILES GEOMETRY_-_(PMEAF.I=SAMPLE SECTWN ONE _.T=250.y=001,S=SECTmN1_ .SECTI0N=251) 
COHPOSITION DATA CORRESPONDENCES-"FILE INPUT 
BLOCKING COUNTS - eRjgi*^L§?^^°pSS^ - *J - FlS'^^oEi^^'/^pJSS - '?! -
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GROSS BLOCK PLANES - 11 - FINE BLOCK PLANES - 11 

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////// 
S Y N T H E S I S T R I A L - F U N C T I N N D E S C R I P T I O N 

" ra7AL-;u;jcTl3N'ZONE l i ■(PLANis"000:006) " -

FIRST GROUP - SECOND GROUP 
VERS 0,'IENT-FUNCT,2**- VERS 0,TENT-FUNCT.2**-

VERS l.POINTFLUX ,1 - VERS l.POINTFLUX .2 -

VERS 2,P0INTFLUX ,1 - VERS 2,P0INTFLUX ,2 -

VERS 8.P0INTFLUX ,1 - VERS 3,P0INTFLUX .2 -

VERS123,P0INTFLUX ,1 - VERS123,P0INTFLUX .2 -

" Wn^-FmcrforTzom 02" "(PLANis"oo6:o7i; " -

FIRST GROUP - SECOND GROUP 
VERS 0.TENT-FUHCT.2**- VERS 0.TENT-FUNCT.2**-

VERS I.POINTTLUX .1 - VERS l.POINTFLUX ,2 -

VERS 2,P0INTFLUX .1 - VERS 2.P0INTFLUX .2 -

VERS 3.P0INTFLUX .1 - VERS 3,P0INTFLUX .2 -

VERS123,POINTFLUX .1 - VERS123.P0INTFLUX ,2 -

** SPECIAL FUNCTION ADDED FOR SYNTHESIS RESIDUAL CALCULATION 
** DELETED AS TRIAL AND WEIGHT FUNCTION 

ALL (00083 OUT OF 00083) NEW SYNTHESIS TRIAL FUNCTION PIWDUCT-INTEGRALS WILL BE CALCULATED 

TRIAL FUNCTION PLANE-SLICES OBTAINED FROH INPUT THREE-DIHENSIONAL POINTWISE FLUX FILE - (VERS l.POINTFLUX ) 
(VERS l.POINTFLUX ) = (P=lEAF,I=SAHPLE PROBLEH FLUX ,T=220.V=001,S=POINTFLUX ) 
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PLANE 
PLANE 

1 - (VERS 
6 - (VERS 

l.POINTFLUX ) 
4,POINTFLUX ) PLANE (VERS 2,POINTFLUX ) PLANE (VERS 3.POINTFLUX ) 

DIFFERENCED TRIAL-FUNCTIONS 
(VERS123.POINTFLUX ) = (VERS 4.POINTFLUX ) (VERS 3,POINTFLUX ) 

S P A T I A L - I T E R A T I O N 
RATE/0 = 0000000+00 HAX. = 
RATE/0 = 3005736+00 HAX. = 
RATE/0 = 2485296+00 HAX. = 
RATE/0 = 2407471+00 HAX. = 
RATE/0 = 2503325+00 HAX. = 
RATE/0 = 2676272+00 MAX. = 
ITERATIONS 6 ...EIGENVALUE' 
LEVELS ..FLUX NORMALIZATION = 

1227971+01 
1188148+01 
1182848+01 
1181431+01 
1181076+01 
1180993+01 

HIN. 
HIN. 
HIN. 
HIN. 

9258196+00 
1095867+01 
1159895+01 
1175905+01 

HIN. = 1179692+01 
HIN. - 1180623+01 

EPS.( 
EPS.( 
EPS.( 
EPS.( 
EPS.( 
EPS.( 

R E S U L T S 
1) = 2601925+00 
2) » 7820701-01 
3) = 1943676-01 
4) = 4679343-02 
5) = 1171392-02 
6) = 3134963-03 

LAHBDA = 
LAHBDA = 
LAHBDA = 
LAHBDA = 
LAHBDA = 
LAHBDA = 

118096160+01 ..REACTIVITY(PERCENTAGE) 
352638533+02 POWER NORMALIZATION - 183232416+02 DOHINANCE = 

= 382638533+02 ...POWER VOLUME = 

116126127+01 
117996157+01 
118089881+01 
118095761+01 
118096176+01 
118096160+01 
267627222+00 
660000000+04 

GROSS POINT RADIAL MAXIMUM ~ LOCATION — 
PLANE PLANES GROSS POWER FIGURE REGION 

1 000-001 143233+00 1 t 2 
2 001-002 455884+00 1 1 2 
3 002-003 855235+00 1 [ 2 
4 003-004 219438+01 ] 1 2 
5 004-005 290407+01 ] 1 2 
6 005-006 341530+01 1 1 2 
7 006-007 369091+01 1 1 2 
8 007-008 368717+01 ] 2 
9 008-009 181872+01 1 1 
10 009-010 141112+01 1 I 1 
11 010-011 527753+00 ] 1 1 

AXIAL SHAPE OF RADIAL MAXIHUH 
GROSS POWER 

X xxxxx xxxxxxxxxxx 
XXXXXXXXXKXXXKXKXXXXXXXXXXXXXX 
KXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXKXXXXXXXXXXXXXXXXXXXXXXKXXXKXXXXXXKXXXXXXXX 
XXXXXXXXXXXXXXXXXSQQQQDQQQOODDQQQOQfflXXXXXXXXXXXXXXX 
XXXXXXRXXXXKXXXXKXXXXXXXKXXKXXXXXXXXKXXHXKXXXXXXXKX 
XXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXKXXXX xxxxxx 

HAXIMUM GROSS BLOCK POWER IS 369091+01 IN GROSS BLOCK PLANE 7 (PLANES 006-007), FIGURE 1, REGION 

PINE POINT RADIAL MAXIMUM LO CATION AXIAL SHAPE OF RADIAL MAXIMUM PLANE PLANES FINE POWER FIGURE REGION CHANNEL TRACK FINE POWER 
1 000-001 143233+00 1 2 4 1 X 
2 001-002 455884+00 1 2 4 1 XXXXX 
3 002-003 855235+00 1 2 4 1 XXXXXXXXXXX 
4 003-004 219438+01 1 2 4 1 XXXKXXXXXXXSXXXXXXXXXXXXXXXXXX 

5 9 

= 
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5 
6 
7 
8 
9 
10 
11 

004-
005-
006-
007-
008-
009-
010-

-005 
-006 
-007 
-008 
-009 
■010 
-Oil 

290407+01 
341530+01 
369091+01 
368717+01 
288755+01 
216768+01 
801307+00 

2 
2 
2 
2 
1 
1 
1 

(5/78) Page 8 
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4 1 XXXXXXHXXXXXSOffiXXXXXXXXXXXXXXXXXXXXXXXX 
4 1 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
4 1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJffiXX 
4 1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJQOQOODOaXXXXX 
3 1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
3 1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
3 1 xxxxxxxxxx 

HAXIHUH FINE BLOCK POWER IS 369091+01 IN FINE BLOCK PLANE (PLANES 006-007). FIGURE 
CHANNEL 

1, REGION 
4, TRACK 

2 
1 

SYNTHESIS AXIAL MIXING-COEFFICIENTS GROUP 1 
AXIAL 

POINT (ZONE 1) 
1 2 

TRIAL FUNCTION 
3 4 

POSITION 
5 

0 
1 
2 
3 
4 
5 
6 

00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 

00000000+00 
-37606374-04 
-33393489-03 
-63433683-03 
-19934003-03 
-15562976-03 
-16880117-03 

00000000+00 
13726850-02 
29809503-02 
17751775-02 
11764664-02 
34713192-05 
28927240-03 

00000000+00 
-11380815-02 
-24079512-02 
-99655543-03 
-28314832-03 
97276297-03 
82944778-03 

00000000+00 
-13724071-02 
-29816711-02 
-17253188-02 
-40483468-03 
94569683-03 
79598124-03 

AXIAL 
POINT (ZONE 2) 

1 2 
TRIAL FUNCTION 

3 4 
POSITION 

5 
7 
8 
9 
10 
11 

00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 

-20579006-03 
-48684734-03 
-36697139-03 
-10237924-03 
00000000+00 

20712684-02 
19699935-02 
19781593-02 
13345957-02 
00000000+00 

-76444415-03 
-66375263-03 
-91684042-03 
-74855885-03 
00000000+00 

-90978896-03 
-14921471-02 
-19449954-02 
-13302738-02 
00000000+00 

FRACTIONAL FLUX CONTRIBUTIONS FIRST GROUP 
1 = C 
4 = C 

FIRST POSITION ) 
FOURTH POSITION ) 

2 
5 

SECOND POSITION ) 
FIFTH POSITION ) 

THIRD POSITION ) 

P 0 
O 
I 
N 
T 

-8565+01 
1 
2 
3 
4 
5 
6 

DX 

4 

1565+00 
. .5 
21 

8184+01 

2 1 
2 1 
4 25 
523 

O 
1 
2 
3 
4 
5 
6 

7 



PDQ-8 REFERENCE HANUAL 
APPENDIX D (5/78) Page 9 

SAHPLE PROBLEH 3 

-8865+01 DX 1565+00 8184+01 

P 7 
0 8 
1 9 
N 10 
T 11 

-1597+01 

-1597+01' 

.2.1. 
2 1 
2 1 
2 1 

DX = 3546-01 2197+01 
. . . 8 3 

■DX=-3546-01" •2197+01 

7 P 
8 O 
9 I 
10 N 
11 T 

FRACTIONAL FLDX CONTRIBUTIONS FIRST GROUP 
1 = ( FIRST POSITION ) 2 = ( SECOND POSITION ) 3 = ( THIRD POSITION ) 
4 = ( FOURTH POSITION ) 5 = ( FIFTH POSITION ) 

-8565+01 DX = 1565+00 8184+01 
P 0 5 0 
O 1 .4 ' 21 . 8 3 . 1 
I 2 4 2 1 . 5 3 2 
N 3 . 4 2 1 5 . 3 . 3 
T 4 . 4 25 . 3 . 4 

5 . 523 . 4 . 5 
6 513....4 6 
7 . 4 215 . 3 . 7 
8 . 4 215 . 3 . d 
9 . 4 21 5 . 3 . 9 
10 . 4 21 5 . 3 . 1 0 
" -8565+6i 6x=-1565+00 BlM^o'i '' 

SYNTHESIS AXIAL HIXING-COEFFICIENTS GROUP 2 
AXIAL 
POINT (ZONE 1) 

1 2 
TRIAL FUNCTION 

3 4 
POSITION 

5 
0 
1 
2 
3 
4 
5 
6 

00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 

00000000+00 
66903671-03 
14921108-02 
63505ld&-03 
-67435645-05 
-13752789-04 
-14553856-04 

00000000+00 
28995641-03 
49085025-03 
-44648977-02 
-75836192-03 
-26861228-02 
-25169160-02 

00000000+00 
-51332200-03 
-10810055-02 
51079787-02 
15538216-02 
35189671-02 
34820833-02 

00000000+00 
-18019328-03 
-22518548-03 
39643801-02 
13850883-02 
33336754-02 
32923708-02 

AXIAL 
POINT (ZONE 2) 

1 2 
TRfAL FUNCTION 

3 4 
POSITION 

5 
7 
8 

00000000+00 
00000000+00 

-20636408-04 
-26480407-04 

34524813-03 
-94501699-03 

86967045-03 
22063269-02 

70171692-03 
10600425-02 
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9 00000000+00 -81429449-05 -69839768-04 
10 00000000+00 -12489841-04 35322003-03 
11 00000000+00 00000000+00 00000000+00 

89264867-03 63968860-04 
15040768-03 -32951501-03 
00000000+00 00000000+00 

FRACTIONAL FLUX CONTRIBUTIONS SECOND CROUP 
1 = ( FIRST POSITION ) 2 = ( SECOND POSITION ) 3 = ( THIRD POSITION ) 
4 = ( FOURTH POSITION ) 5 » ( FIFTH POSITION ) 

-9688+01 DX = 1431+00 8652+01 
P 0 5 0 P 
0 1 . 4 8 1 . 2 3 . 1 0 
I 2 . 4 5 1 . 23 . 2 1 
N 3 3 1 2 . 4 o 3 N 
T4. 3 2 4. 5 . 4 T 

8 . 3 2 . 4 5 . 5 
^ -9M8+01 ix=143i;00 "" *"'^ 8682;oi 6 
-1438+01 DX => 3040-01 1818+01 

0 8 3 2 * . ' ' '.'i 4 : II 
1 9 . 3 2 8 . 4 . 9 1 
N 10 . 5 2 4 3 10 N 
"̂  " -Ussioi V = *304o:oi isi^oi " "* 

FRACTIONAL FLUX CONTRIBUTIONS SECOND GROUP 
1 = ( FIRST POSITION ) 2 = ( SECOND POSITION ) 3 = ( THIRD POSITION ) 
4 = ( FOURTH POSITION ) 8 = ( FIFTH POSITION ) 

-9658+01 DX = 1431+00 8682+01 
o 1 : 4"6..i :"2'3 : U 
1 2 . 4 - 8 1 . 23 . 2 1 
N 3 3 1 2 . 4 S 3 N 
T4. 3 2 4. 5 . 4 T 

8 . 3 2 . 4 8 . 5 
6 ; 3 2 4...8 6 
7 . 2 8 . . 7 
8 . 3 2 .8 4 . 8 
9 328 .4 . 9 
10 ! 5 2 4 ) 3 ! 10 
11 -9654;01 ix»143i;00 ' M52+01 " 

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 
S Y N T H E S I S R E S I D U A L S - R E L A T I V E 
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P 
O 
I 
N 
T 

0 
1 
2 
3 
4 
8 
6 
7 
8 
9 
10 
11 

1 » ( FIRST GROUP 
0000+00 
2 

2 = ( SECOND GROUP ) 
DX > 1051+00 1124+02 

i' 

2 
0000+00 DX='iosiio0' H24;o2 

0 P 
1 o 2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

S Y N T H E S I S 

VALUE 
9000+00 
6668+01 
7468+01 
9789+01 
1101+02 
1124+02 
1121+02 
1090+02 
9785+01 
8280+01 
7947+01 
0000+00 
VALUE 

0 
1 
2 
3 
4 
8 
6 
7 
6 
9 

10 
11 

0000+00 
1 

R E S I D U A L S - R E L A T I V E 

FIRST GROUP 

DX = 1169+00 1124+02 

1 

ooooioo* •ix=*1is9;oo' 1124+02 

0 P 1 0 
2 I 
3 
4 
5 
6 
7 
8 
9 
10 
11 

S Y N T H E S I S 

VALUE 
9900+00 
3698+01 
4353+01 
4086+01 
2367+01 
3136+01 
2921+01 
1803+01 
1222+01 

P 
0 
I 
N 
T 

0 
1 
2 
3 
4 
8 
6 
7 
8 

0000+00 
2 

R E S I D U A L S 

SECOND GROUP 

DX = 4 4 8 7 - 0 1 

- R E L A T I V E 

4353+01 
0 
1 
2 
3 
4 
5 
6 
7 
8 
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SAMPLE PROBLEH*! 

5566+00 9 . 
1153+01 10 . 
0 0 0 0 + 0 0 11 2 
VALUE 0000+00 DX = 4 4 8 7 - 0 1 4 3 5 3 + 0 1 

9 
10 
11 

VALUE 
0000+00 
6169+01 
6940+01 
8823+01 
9720+01 
1005+02 
9984+01 
9547+01 
8609+01 
7387+01 
7166+01 
0000+00 
VALUE 

P 
O 
I 
N 
T 

0000+00 
0 0 
1 2 . 3 . 4 . 5 . 
6 7 . 8 . 9 . 10 . 11 

S Y N T H E S I S R E S I D U A L S - R E L A T I V E 

TOTAL BY AXIAL POINT 

DX = 1036+00 1005+02 

0 
0 

0 

0 
0000+00 DX = 1036+00 1005+02 

0 P 
1 0 
2 I 
3 N 
4 T 

0 5 
0. 6 

7 
8 
9 

V. 10 
11 

SYNTHESIS RESIDUALS (RELATIVE) - TOTAL BY GROUP 9992+01 2317+01 
SYNTHESIS RESIDUALS (RELATIVE) - TOTAL OVERALL 8894+01 

O 
I 
N 
T 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

S Y N T H E S I S R E S I D U A L S - A B S O L U T E 

1 = ( FIRST GROUP ) 2 = ( SECOND GROUP ) 

0000+00 DX = 1 3 0 8 - 0 1 
P 0 2 .2 " 1 

. 2 
2 

2 
2 

. . . ^ . 2 . . . . 

. 2 

. 2 

. 2 
2 
0000+00 

1400+01 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

DX 1 3 0 8 - 0 1 1400+01 

0 

S Y N T H E S I S R E S I D U A L S - A B S O L U T E 



PDQ-8 REFERENCE HANUAL 
APPENDIX D 

(5/78) Page 13 
SAMPLE PROBLEH 3 

VALUE 
0000+00 
1071+00 
2489+00 
5771+00 
9708+00 
1225+01 
1374+01 
1400+01 
1254+01 
9071+00 
5004+00 
0000+00 
VALUE 

P 
0 
I 
N 
T 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

0000+00 
1 

FIRST GROUP 
DX = 1443-01 1400+01 

1 
0 0 0 0 + 0 0 ■f)x='1443-01" 

0 P 

1400+01 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

VALUE 
0000+00 
1200-01 
2957-01 
4914-01 
3673-01 
5898-01 
6208-01 
4059-01 
2494-01 
7976-02 
9433-02 
0000+00 
VALUE 

P 
0 
I 
N 
T 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

0000+00 
2 

S Y N T H E S I B R E S I D U A L S - A B S O L U T E 

SECOND GROUP 

DX = 6 4 0 0 - 0 3 

2 

6208-01 

2 
0000+00 

0 P 
1 O 
2 1 
3 N 
4 T 
5 
6 
7 
8 
9 

10 
11 

DX = 6 4 0 0 - 0 3 6 2 0 8 - 0 1 

VALUE 
0000+00 
1191+00 
2785+00 
6262+00 
1008+01 
1284+01 
1436+01 
1440+01 
1278+01 

P 
0 
I 
N 
T 

0 
1 
2 
3 
4 
5 
6 
7 
8 

0000+00 
0 

S Y N T H E S I S R E S I D U A L S - A B S O L U T E 

TOTAL BY AXIAL POINT 

DX = 1 4 8 5 - 0 1 1440+01 

0 

.0 
0 

0 
1 
2 
3 
4 
5 
6 
7 
8 

0 
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SAMPLE PROBLEM 3 

9151+99 9 . 
8998+00 10 
Tflm " Jo00;00-

9 
0 

'i)X='i485:oi' 1440;0l 
9 
10 
11 

SYNTHESIS RESIDUALS (ABSOLUTE) 
SYNTHESIS RESIDUALS (ABSOLUTE) 

TOTAL BY GROUP 8868+01 3314+00 
TOTAL OVERALL 8894+01 

POINTWISE FLUX OUTPUT FILE 
PARTITION POWER OUTPUT FILE 
FINE BLOCK POWER OUTPUT PILE 

EDIT INTEGRAL SECTION 
GEOMETRY SECTION 

S E C T I O N E D OUTPUT FILE 

GROSS BLOCK POWER SECTION 
INTEGRATED FLUX SECTION 
SYNTHESIS MIXING COEFFICIENT SECTION 
SYNTHESIS INTEGRAL LIBRARY SECTION 

S E C T I O N E D OUTPUT FILE 

O U T P U T F I L I N G 
(P=IEAF.I=SAMPLE PROBLEM FLUX .T=220.V=002,S=POINTFLUX ) 
(P=IEAF,1=SAMPLE PROBLEM PPWR ,T=222, V=0O2.S=PARTPOWER ) 
(P=IEAF,I=SAMPLE PROBLEM POWR .T=255.V=002.S=FINEPOWER ) 

(SECTION IDENTIFICATION = 224 
(SECTION IDENTIFICATION = 251 
(P»IEAF,I=SAMPLE SECTION ONE 

(SECTION IDENTIFICATION = 254 
(SECTION IDENTIFICATION = 253 
(SECTION IDENTIFICATION = 229 
(SECTION IDENTIFICATION = 228 
(P=IEAF,I=SAMPLE SECTION TWO 

. SIZE = 572 WORDS) 
, SIZE = 172 WORDS) 
.T^250.V=0O2.S=SECTION1 ) 

. SIZE = 28 WORDS) 
, SIZE = 276 WORDS) 
, SIZE = 270 WORDS) 
. SIZE = 502 WORDS) 
,T=25O,V=002,S=SECTION2 ) 

511 WORDS 
1036 WORDS 
75 WORDS 

744 WORDS 

TOTAL AMOUNT OF DATA IN THESE OUTPUT FILES 
1076 WORDS 

WORDS 
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SAHPLE PROBLEH 3 

0001 
0002 

999S9tS9t9S*M9MM9« /BEGIN/ CARD INPUT DATA FOR CASE 
=EXPLICIT-2 3-D 
8 
010001,2,0,2,+1,1.1,1,8,3.2,6,2,11,0.0 • EXPLICIT 
••••••••••CSSSSSSSS9S //END// CARD INPUT DATA FOR CASE 

3 «MSSStM«SSS«SSCSS9S 

3 sccssssessssscsscssss 

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 
P R O B L E H I N P U T D E S C R I P T I O N 

PROGRAH IDENTIFICATION PROGRAH(VERSION-DATE) - PDQ08(WAPD-TH-1266) - COHPUTER - CDC-7600 
SPATIAL DESCRIPTION ITERATION SOLUTION - EIGENVALUE - ADJOINT SOLUTION - NO 
FEW-GROUP DESCRIPTION NUHBER OF GROUPS - 2 - FAST GROUP - P-1 

: THERHAL GROUPS- 1 - SOLUTION GROUPS- 2 -

GEOHETRY PARAHETERS DIHENSIONALITY. TYPE - 3-D RECTANGULAR - BLOCK MESH TYPE - GROSS/FINE 
COHPOSITIONS - REGIONS - INPUT MESH UNITS - CENTIHETERS 

- LARGEST FINAL FIGURE - 1 -LARGEST PLANAR REGION - 5 
- LARGEST COHPOSITION - 3 - COLUHN BOUNDARY - 6 

ROW BOUNDARY - 2 - PLANE BOUNDARY - 11 
HESH ELEMENTS - 132 - MESH POINTS - 252 

MESH GROUP-POINTS - 504 - SOLUTION POINTS - 150 
- NON-SOLUTION POINTS - 102 -SOLUTION GROUP-POINTS - 300 

BOUNDARY CONDITIONS COLUMN 0 - ZERO FLUX - COLUHN 6 - ZERO FLUX 
ROW 0 - ZERO CURRENT - ROW 2 - ZERO CURRENT 

PLANE O - ZERO FLUX - PLANE 11 - ZERO FLUX 
ITERATION PARAHETERS INPUT EIGENVALUE - 118093+01 -CONVERGENCE PARAMETER - 900000-03 

: CHHGROUP O_-_100990+01 CHKGROUP 2) -OOOOOO+OO -

DATA STORAGE ALLOCATIONS - CENTOAL MEMORY- 3n99_W0RDS EXTENDED MEMORY_-_ _ 131072_WORDS -

INPUT FILES - POINTWISEFLTO - {f! j ^ ^ , I l l ^ L E PROBLEM FLUX ,1̂ 220,V=002,S=POIN'ITLUX Jg^^ ĵ̂ ^^^gg J 
COMPOSITION DATA CORRESPONDENCES - ( I L E INPUT 

BLOCKING COUNTS TOTAL GROSS BLOCKS - 4 4 - TOTAL FINE BLOCKS - 132 

- GSdsi B£^K P L ^ i - i l - TTNE i£S^K PUMS - n 
tmt m^ d B * ^ ^m i ^ H B M * M ^ KM A M ^m - A ■■* ■■■ a ^ ^ ^m ■■> i ^ ^m mm mm ■«* ^m «■■ ■■- tmm ««v B A mm a ^ M B «■* a ^ - W ^m a^ t^ mm mm ^m ^ v ■■■* ««■ ^ B ^m 

S P A T I A L - I T E R A T I O N R E S U L T S 
GROUP 1 PASS 1 RHO = 9942695+00 OMEGA( 8) = 1859255+01 SIGMA = 9000000+00 DELTA( 40) = 1000000+00 
GROUP 1 PASS 2 RHO = 9943048+00 OMEGA( 16) => 1859658+01 SIGMA - 9954886+00 DELTA( 40) = 1000000+00 
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GROUP 1 PASS 3 RHO = ' 9949038+00 OMEGAC 24) = 1866738+01 
GROUP 
GROUP 
GROUP 

2 
2 
2 

PASS 1 
PASS 2 
PASS 3 

RHO 
RHO 
RHO S 1 

9427354+00 
9560804+00 
9665903+00 

OMEGA( 
OMEGAC 
OMEGA( 

8) = 1618814+01 
16) = 1653460+01 
24) = 1690927+01 

GROUP 
GROUP 

1 
2 

IT. = 43 
IT. = 14 

RCl) 
RCl) 

= 2019333-03 
1052193-03 

DELTA = 
DELTA = 

1284960-01 
7024815-01 

SIG/I 
SIG/O S 

0000000+00 
0000000+00 

MAX. 
MIN. 

s 1289140+01 
1136589+01 

GAMMA = 
PT/AV = 

1000020+01 
3375496+02 

RATIO( 
EPS.( 

GROUP 
GROUP 

1 
2 

IT. = 43 
IT. = 14 

RC 1) 
RCl) 

= 9533508-04 
2021984-04 

DELTA = 
DELTA = 

1466378-01 
7279247-01 

SIG/I 
SIG/O S 

4279970+00 
5206642+00 

MAX. 
MIN. 

r 1205786+01 
1171470+01 

GAMMA = 
PT/AV = 

1000053+01 
1487700+02 

RATIO( 
EPS.( 

GROUP 
GROUP 

1 
2 

IT. = 43 
IT. = 14 

RC 1) 
RCl) s 

3221661-04 
6114299-05 

DELTA = 
DELTA = 

1559710-01 
8039722-01 

SIG/I 
SIG/O 

= 3364778+00 
3777585+00 

MAX. 
MIN. 

s 
s 

1188674+01 
1175966+01 

GAMMA = 
PT/AV = 

9999954+00 
1226465+02 

RATIO( 
EPS.( 

GROUP 
GROUP 

1 
2 

IT. = 43 
IT. = 14 

RC 1) 
RCl) 

= 1342869-04 
2573593-05 

DELTA = 
DELTA = 

1789346-01 
7918475-01 

SIG/I 
SIG/O S 

4169679+00 
4777668+00 

MAX. 
MIN. 

= 1183656+01 
1176175+01 

GAMMA = 
PT/AV = 

1000001+01 
9166756+01 

RATIO( 
EPS.( 

CROUP 
GROUP 

1 
2 

IT. = 43 
IT. = 14 

RCl) 
RC 1) 

s 5544632-05 
1138510-05 

DELTA = 
DELTA = 

2349043-01 
6544315-01 

SIG/I 
SIG/O S 

5068505+00 
5631625+00 

MAX. 
MIN. 

= 1161624+01 
1179492+01 

GAMMA = 
PT/AV = 

9999996+00 
9977669+01 

RATIO( 
EPS.( 

GROUP 
GROUP 

1 
2 

IT. = 43 
IT. = 14 

RC 1) 
RCl) 

= 2465465-05 
5761950-06 

DELTA = 
DELTA = 

3360653-01 
5739172-01 

SIG/I 
SIG/O 

S 5564466+00 
6050117+00 

MAX. 
MIN. 

= 1181026+01 
1180184+01 

GAMMA = 
PT/AV = 

9999998+00 
1016706+02 

RATIO( 
EPS.( 

ITERATIONS 6 ...EIGENVALUE 
LEVELS ..FLUX NORMALIZATION 

= 116093807+01 ..REACTIVITYCPERCENTAGE) 
= 352568989+02 POWER NORMALIZATION 

SIGMA = 9955068+00 
SIGMA = 9000000+00 
SIGMA = 9995000+00 
SIGMA = 9803717+00 

0) = 1000000+01 
1) = 9167697-01 

0) = 1000000+01 
2) = 2103662-01 

0) = 1000000+01 
3) = 6551240-02 

1) = 1000000+01 
4) = 2339891-02 

2) = 7471799+00 
5) = 1224509-02 

1) <' 4406815+00 
6) = 6382631-03 

DELTA( 43) 
DELTA( 10) 
DELTA( 12) 
DELTA( 14) 

Page 16 
SAMPLE PROBLEM 3 

1000000+00 
= 1000000+00 
= 1000000+00 
= 1000000+00 

LAMBDA = 118086023+01 

LAMBDA = 116094317+01 

LAMBDA 118093775+01 

LAMBDAS 118093651+01 

LAMBDA = 118093831+01 

LAMBDA = 
= 158215542+02 DOMINANCE = 
= 352588989+02 ...POWER VOLUME = 

118098807+01 
507162837+00 
660000000+04 

# 

POINTWISE FLUX. . 
PARTITION POWER. 

O U T P U T F I L I N G 
.OUTPUT FILE - (P=IEAF.I=SAMPLE PROBLEM FLUX ,T=220,V=003,S=:POINTFLUX ) -
.OUTPUT FILE - (P=IEAF.I=SAMPLE PROBLEM PPWR ,T=222,V=003,S»PARTPOWER ) -

511 WORDS 
1036 WORDS 
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FINE BLOCK POWER OUTPUT FILE 

EDIT INTEGRAL SECTION 

s fi^Toif'k'h:::::::::::: iiim-ŵ ĴiJE 
GROSS BLOCK POWER SECTION 

INTEGRATED FLUX 4 SECTION 
S E C T I O N E D T' .OUTPUT FILE 

( 8 / 7 6 ) 

- (P=IEAF,I=SAMPLE PROBLEM POWR ,T=255,V=0O3,S=FINEPOWER ) -

- (SECTION IDENTIFICATION = 224 , SIZE = 572 WORDS) 

: ! f??^i?^iSi^S?S/oi* :T=iil^:003.s41?TI?S^! -

SAMPLE PRSBLEM*! 

75 WORDS 

744 WORDS 

- (SECTION IDENTIFICATION = 254 SIZE = 28 WORDS) 

CSECTION IDENTIFICATION = 253 . SIZE = 276 WORDS) 
CP=IEAF.I=SAMPLE SECTION TWO ,T=250,V=003,S=SECTION2 ) 

TOTAL AMOUNT OF DATA IN THESE OUTPUT FILES 
304 WORDS 

2670 WORDS 

* E N D O F O U T P U T * 
* * 

PDQ08C WAPD-TM-1266) 
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