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COST F U N C T I O N STUDIES F O R P O W E R R E A C T O R S 

by 

J . H e e s t a n d and L. T . Wos 

A B S T R A C T 

A funct ion to e v a l u a t e the c o s t of e l e c t r i c i t y p r o d u c e d 
by a n u c l e a r p o w e r r e a c t o r i s d e v e l o p e d . The b a s i c e q u a 
t ion , r e v e n u e = c a p i t a l c h a r g e s +pro f i t + o p e r a t i n g e x p e n s e s , 
i s e x p a n d e d in t e r m s of v a r i o u s c o s t p a r a m e t e r s to enab le 
a n a l y s i s of m u l t i r e g i o n n u c l e a r r e a c t o r s wi th u r a n i u m a n d / o r 
p l u t o n i u m for fue l . A c o r r e s p o n d i n g IBM 704 c o m p u t e r p r o 
g r a m , wh ich wi l l c o m p u t e e i t h e r the p r i c e of e l e c t r i c i t y or 
the v a l u e of p l u t o n i u m , i s p r e s e n t e d in d e t a i l in the a p p e n d i c e s . 

I. INTRODUCTION 

The i n d u s t r i a l a p p l i c a t i o n of any l a r g e e n g i n e e r i n g s y s t e m r e q u i r e s 
a c r i t i c a l e x a m i n a t i o n of the e c o n o m i c f a c t o r s invo lved in i t s u s e . F o l l o w 
ing the s u g g e s t i o n of t h e u s e of n u c l e a r r e a c t o r s for the g e n e r a t i o n of 
e l e c t r i c p o w e r , t h e r e h a s a r i s e n an i n t e r e s t in e x a m i n i n g the e c o n o m i c 
a s p e c t s of the o p e r a t i o n of s u c h a r e a c t o r p o w e r s t a t i o n . F o r th i s p u r p o s e 
a p r o g r a m d i r e c t e d t o w a r d c a r r y i n g out a r a t h e r t h o r o u g h a n a l y s i s of r e 
a c t o r p o w e r s t a t i o n s h a s b e e n i n i t i a t e d , the f i r s t s t ep of wh ich i s the 
d e v e l o p m e n t of an a p p r o p r i a t e c o s t funct ion for the s y s t e m . The p u r p o s e 
of t h i s p a p e r i s to d i s c u s s the d e v e l o p m e n t of the c o s t funct ion, which in 
t h i s c a s e g i v e s t h e c o s t in m i l l s p e r k i l owa t t hour of g e n e r a t e d e l e c t r i c i t y 
a s a funct ion of t h e v a r i o u s c o s t p a r a m e t e r s . The c o s t funct ion co n t a in s 
m i n o r s i m p l i f i c a t i o n s w h o s e effect on m i l l s p e r k i lowat t h o u r is i n s ign i f i 
can t ; it i s not i n t ended to s e r v e a s an accoun t ing t e c h n i q u e . T h i s w o r k 
b e a r s a c l o s e r e s e m b l a n c e to t ha t of J . M. McCampbell,V3-) wi th r e v i s i o n s 
to i n c o r p o r a t e r e c e n t c h a n g e s in i n s u r a n c e l a w s , e l a b o r a t i o n of the t r e a t 
m e n t of fuel c y c l e c o s t , and re f inennen t s to give a c c e s s to m o r e d e t a i l e d 
i n f o r m a t i o n and to p e r m i t f u r t h e r s t u d i e s which a r e c o n t e m p l a t e d . 

II . D E V E L O P M E N T OF COST FUNCTION 

The b a s i s for the a n a l y s i s i s c o n t a i n e d in the equa t ion 

r e v e n u e - c a p i t a l c h a r g e s + p ro f i t + o p e r a t i n g e x p e n s e s , (1) 

wh ich i s a s s u m e d to ho ld t r u e for e a c h p e r i o d of t i m e (one y e a r in t h i s 
p r o g r a m ) in w h i c h the r e a c t o r i s o p e r a t e d to p r o d u c e e l e c t r i c i t y . 



A. Revenue 

There are two sources of revenue, the sale of electricity and the 
sale of plutonium (or U^̂ )̂. We ignore all other fission byproducts as 
sources of revenue. 

Annual electric revenue ($) - 8.76 x 10̂  PT]em , (2) 

where P is the thermal power rating of the reactor in megawatts, T) is the 
net thermal efficiency, £ is the plant factor, and m is the cost of electricity 
to the user in mills per kilowatt hour. 

Annual revenue ($) from sale of plutonium = 10 Av/T , (3) 

where A is the amount in kilograms of plutonium produced by one fuel 
charge in exposure time T years and v is the value in dollars of one gram 
of plutonium. 

B. Capital Charges 

Capital charges are just those charges needed to redeem capital 
spent on construction, research and development, the corresponding in
terest, and the interest on capital spent for land. We wish to redeem 
interest on the various sums involved, whether it occurs as a result of 
actually borrowing capital or as a result of interest lost by utilizing 
available funds in these connections instead of investing them. We make 
the assumptions that the value of land is a constant and that available 
interest on sinking funds is equal percentagewise to those interests re
ferred to above. We then have 

/ (1 +i)^-l\ 1 ^d+n 
(capital charges) ^^ ^^ j + I^ = - Î j (1 + i) + {l^+lj^){l + i ) 

n^+n 

(4) 

where, remembering that the assumption with sinking funds is that the 
payment is made at the end of each period, [(1 +i)^-l]/i is the sinking 
fund factor which gives the value of a sinking fund consisting of n equal 
payments at interest i, n is the life of the plant in years, /3 is the number 
of plants over which research and development costs are distributed, 1^ 
is the research and development cost, n^ is the average lead time in 
years for research and development, Î  and I^ are the respective costs 
for construction and land, and nc is the number of years capital is tied 
up in land and construction prior to startup. By transposing the cost of 
land and dividing by (l +i)^, we have an equation stating that the present 
value of the sinking fund resulting from annual capital charges is equal 
to the present net value of the capital transaction. In other words, capital 
charges refer to that amount of money deposited in equal payments at the 



end of e a c h o p e r a t i n g y e a r in a s ink ing fund such tha t t he va lue of tha t 
fund when the p lan t h a s z e r o s a l v a g e v a l u e is p r e c i s e l y the d i f f e r ence b e 
t w e e n the v a l u e of the i n v e s t e d c a p i t a l at tha t t i m e and the va lue of land; 
the v a l u e of i n v e s t e d c a p i t a l at t he end of the l ife of the p lan t i s e x p r e s s e d 
by the r i g h t s i de of E q u a t i o n (4). 

C. P r o f i t 

The p ro f i t p a r a m e t e r CD is g iven as a p e r c e n t a g e of the va lue of 
i n v e s t e d c a p i t a l at s t a r t u p , and is not to be confused wi th the p r e s e n t va lue 
of a l l c a p i t a l t r a n s a c t i o n s . T h e va lue of CD i s o b t a i n e d by l e v e l i z i n g the 
d e s i r e d p ro f i t o v e r the l i f e t i m e of the p l a n t . The p rof i t in d o l l a r s i s thus 

CO i l d d + i ) " " ^ + (I^+I_g)(l+i) ' '^ 
p 

At p r e s e n t , t he va lue of CO i s supp l i ed 

to , r a t h e r t h a n c o m p u t e d by, the p r o g r a m . 

D. O p e r a t i n g E x p e n s e s 

O p e r a t i n g e x p e n s e s c o n s i s t of: ad v a l o r e m c h a r g e s , o p e r a t i o n and 
m a i n t e n a n c e , f u e l - c y c l e c o s t s , and i n s u r a n c e and t a x e s not p r o p o r t i o n a l to 
the v a l u e of the p l a n t . 

1. Ad v a l o r e m C h a r g e s . Ad v a l o r e m c h a r g e s (plant i n s u r a n c e , 
p r o p e r t y d a m a g e i n s u r a n c e , and p r o p e r t y t a x e s ) a r e a s s e s s e d a g a i n s t the 
a p p r a i s e d va lue of the p r o p e r t y . The s u m of t h e s e c h a r g e s is g iven by 

{4> + X + f) 6(lc + U) 

w h e r e (p, X' and f a r e the r e s p e c t i v e r a t e s , and 6 i s the r a t i o of a p p r a i s e d 
v a l u e to a c t u a l . 

2. O p e r a t i o n and M a i n t e n a n c e C o s t s . O p e r a t i o n and m a i n t e n a n c e 
c o s t s a r e e s t i m a t e d by the u s e r of the p r o g r a m . They inc lude s a l a r i e s , 
e q u i p m e n t , s u p p l i e s , and o v e r h e a d . 

3. F u e l - c y c l e C o s t . F u e l - c y c l e c o s t i s c o m p u t e d f r o m suppl ied 
c o s t p a r a m e t e r s ; t h e r e i s no a t t e m p t at t h i s t i m e to inc lude any c o r e d e s i g 
s tudy o r any t e c h n i q u e for m i n i m i z a t i o n of t h i s c o s t . We a r e ab le to c o n 
s i d e r a m u l t i r e g i o n c o r e , a m u l t i r e g i o n b l a n k e t , and, a s fuel , e n r i c h e d 
u r a n i u m , p l u t o n i u m , o r s o m e c o m b i n a t i o n of t h e s e fuels r e s t r i c t e d to 
s e p a r a t e r e g i o n s . The f u e l - c y c l e c o s t i s , t h e r e f o r e , the s u m of the c o s t s 
for the v a r i o u s r e g i o n s . Any c r e d i t for p l u t o n i u m p r o d u c t i o n is added a s 
r e v e n u e and not p l a c e d a g a i n s t f u e l - c y c l e c o s t d i r e c t l y . F o r any one 
r e g i o n , the f u e l - c y c l e c o s t h a s four c o m p o n e n t s : f i r s t , t he p r o d u c t of the 
t h r o u g h p u t of fuel , a d j u s t e d to c o m p e n s a t e for v a r i o u s l o s s e s , and the s u m 
of the un i t c o s t s for c o n v e r s i o n , f a b r i c a t i o n , r e p r o c e s s i n g , sh ipp ing , and 



w a s t e d i s p o s a l ; s e c o n d , a u s e - c h a r g e p r o p o r t i o n a l to t h e u s e - c h a r g e r a t e , 
va lue of fuel at t he a p p r o p r i a t e e n r i c h m e n t , and the t i m e in wh ich the fuel 
is not in AEC p o s s e s s i o n ; t h i r d , a b u r n u p c h a r g e f r o m the l o s s in va lue of 
the fuel; four th , t he c o s t of r e d u c i n g p r o d u c e d plutoniumi to m e t a l b u t t o n s . 
Since annua l load ing e q u a l s i n i t i a l loading d iv ided by r e s i d e n c e t i m e , fue l -
cyc le c o s t i s g iven by the equa t ion 

fc 
k 

uL3kV(ei)k + Tk cck(l +ick+^fk) +cfk(l +-̂ fk) +Crk + Csk+Cs'k+Cwk^wk ^ k 

uLik (l+^ck+.«fk) (5) 
V(ei)k + V{e2)k 

(tck +tfk +tsk)V{ei)k + Tk [ j + (tdk +trk +ts'k)V(e2)k 

V(ei)k Lik(l +-^ck + %k) - V(e2)k Lzk + AkCpk lOH 

(the subscript k designates the region) 

w h e r e : Cc) Cf, Cr, Cg, Cg' . and Cw a r e uni t c o s t s p e r k i l o g r a m of c o n v e r s i o n , 
f a b r i c a t i o n , r e p r o c e s s i n g , sh ipp ing of new and i r r a d i a t e d fuel, and r a d i o 
ac t i ve w a s t e d i s p o s a l , r e s p e c t i v e l y ; t^ , tf, t r , tg and tg ' a r e the c o r r e s p o n d 
ing t i m e s r e q u i r e d for the p r o c e s s e s ; t^j is the t i m e n e c e s s a r y for 
r a d i o a c t i v e d e c a y of spent fuel b e f o r e r e p r o c e s s i n g ; T i s the r e s i d e n c e 
t i m e ; u is the u s e - c h a r g e r a t e ; V(ei) d e n o t e s the va lue at i n i t i a l e n r i c h 
m e n t e j , and V(e2) the va lue at e n r i c h m e n t e2 at d i s c h a r g e ; Li , L2, and L3 
a r e the we igh t s of fuel at i n i t i a l load ing , a f t e r r e p r o c e s s i n g and for the 
i n v e n t o r y ; £(• and i f a r e t h o s e p e r c e n t a g e s by which Lj m u s t be i n c r e a s e d 
to c o m p e n s a t e for l o s s e s in c o n v e r s i o n and f a b r i c a t i o n , r e s p e c t i v e l y * ; 
^w i s the p e r c e n t a g e of L^ to be d i s p o s e d of as r a d i o a c t i v e w a s t e ; A i s the 
a m o u n t of p l u t o n i u m p r o d u c e d by one load ing ; and Cp i s the c o s t p e r g r a m 
of r e d u c i n g p l u t o n i u m to m e t a l b u t t o n s . 

4. L i a b i l i t y I n s u r a n c e . A c c o r d i n g to the l a t e s t law on l i ab i l i t y 
i n s u r a n c e for power r e a c t o r s , the r e q u i r e d c o v e r a g e is d e t e r m i n e d in the 
fol lowing m a n n e r . If the m a x i m u m a l l owab le power d o e s not e x c e e d 
10 k w ( t h e r m a l ) , the r e q u i r e d c o v e r a g e is 1 m i l l i o n d o l l a r s ; if g r e a t e r than 
10 kw(t) but does not e x c e e d 1 mw( t ) , 1.5 m i l l i o n ; if g r e a t e r t h a n 1 nnw(t) 
but does not e x c e e d 10 mw( t ) , 2.5 m i l l i o n . If the power r a t i n g in 
m w ( e l e c t r i c a l ) e x c e e d s 100, the r e q u i r e d c o v e r a g e i s 60 m i l l i o n . F o r 
t h o s e r e a c t o r s not yet c o v e r e d , apply the f o r m u l a x - Bp, w h e r e x is 
c o v e r a g e in d o l l a r s rounded up to the n e a r e s t h u n d r e d t housand , B i s t he 
b a s e amoun t of f i nanc i a l p r o t e c t i o n , and p i s the popula t ion f a c t o r . The 
c o v e r a g e x m u s t be b e t w e e n 3.5 and 60 m i l l i o n ; B e q u a l s 150 d o l l a r s 
t i m e s m a x i m u m a l lowab le power in kw(t) ; p i s b e t w e e n 1 and 1.5 and i s 
d e t e r m i n e d by the m a g n i t u d e of the n e a r b y popu la t ion . 

*To avoid confus ion it should be u n d e r s t o o d tha t £^ equa l s 0.15 if, for 
e x a m p l e , t he l o s s f rom c o n v e r s i o n is 15%. 



The p a r a m e t e r of i n t e r e s t , h o w e v e r , i s the amoun t of p r e m i u m . 
Not a l lowing a p r e m i u m r a t e to be l e s s than 1,000 d o l l a r s p e r m i l l i o n of 
c o v e r a g e , the p r e m i u m s c h e d u l e i s : the b a s e p r e m i u m for the f i r s t m i l 
l ion , 0.5 of b a s e for e a c h of the n e x t 4 m i l l i o n , 0.2 of b a s e for e a c h of nex t 
5, 0.1 for e a c h of n e x t 10, 0.05 for e a c h of nex t 20, and 0.025 for e a c h 
m i l l i o n of c o v e r a g e above 40 m i l l i o n . Annua l c o s t of l i a b i l i t y i n s u r a n c e 
P i i s g iven by 

P i = aj K: +0 .5 aj X +0 .2 aj ^ + 0.1 aj v +0 .05 aj | +0 .025 aj t, , (6) 

w h e r e a.^ i s the b a s e p r e m i u m and K: , X , /i , V , ^ , and ^ a r e the n u m b e r of 
m i l l i o n s at the c o r r e s p o n d i n g p r e m i u m . 

5. T a x e s . The t a x e s a r e of two k i n d s : s t a t e i n c o m e and f e d e r a l 
i n c o m e . Sta te t a x S i s a s s e s s e d a t the r a t e j s on the d i f f e rence b e t w e e n 
g r o s s r e v e n u e and the t ax d e d u c t i b l e s . The t a x d e d u c t i b l e s c o n s i s t of 
ad v a l o r e m c h a r g e s , o p e r a t i o n and m a i n t e n a n c e c o s t , f u e l - c y c l e c o s t , 
l i a b i l i t y i n s u r a n c e , i n t e r e s t on the bonded f r a c t i o n of i n v e s t e d c a p i t a l at 
s t a r t u p , and d e p r e c i a t i o n . F o r the t a x c a l c u l a t i o n the s h o r t e s t a l l owab le 
t i m e for s t r a i g h t - l i n e d e p r e c i a t i o n i s t a k e n . The f e d e r a l i n c o m e t ax F 
i s ob ta ined by t ak ing tha t r e v e n u e t a x a b l e by the s t a t e , s u b t r a c t i n g f r o m 
it the m o n e y pa id a s s t a t e i n c o m e t ax , and tax ing th i s modi f ied r e v e n u e 
a t the r a t e j p . With b the bonded f r a c t i o n of c a p i t a l i z a t i o n , i the i n t e r e s t 
r a t e on the b o n d s , and n ' the d e p r e c i a t i o n t i m e , the t a x equa t ions a r e 

S = jg ( 8.76 X 1 0 ^ P r ] £ m + 1 0 ^ ( A V / T ) - ( 0 + ̂  + x ) ( l c + l i ) ^ - O M - f c - P 

1 
I Jd^^c 

x^d 
- i d ( i + i ) + ( i c + u ) ( i + i ; 

n . 
(7) 

a n d 

J F ;i - j s ) s/j< (8) 

If the r e a c t o r p o w e r s t a t i o n i s p a r t of a l a r g e r c o m p l e x and, t h e r e f o r e , 
i t s t a x e s a r e not c o m p u t e d s e p a r a t e l y but a r e i n s t e a d a s s i g n e d a s a f r a c 
t ion g of the r e v e n u e d o l l a r ; i t s r e d u c e d r e v e n u e , 1-g t i m e s g r o s s 
r e v e n u e , m u s t equa l the s u m of c a p i t a l c h a r g e s and o p e r a t i n g e x p e n s e s 
e x c l u s i v e of t a x e s . By u s ing the s e l e c t o r a , which t a k e s on the va lue 
0 o r 1, we can h a n d l e e i t h e r t a x s i t u a t i o n . Th i s i s a c c o m p l i s h e d by 
r e p l a c i n g r e v e n u e in E q u a t i o n (l ) by (l - a g ) r e v e n u e and by r e p l a c i n g 
the t ax c o n t r i b u t i o n in E q u a t i o n (l ) by (l - a ) (F + S). Thus , when a i s 0, 
we a r e in the f i r s t c a s e ; and when ct i s 1 , the t ax c o n t r i b u t i o n i s nu l l i f ied 
and the g r o s s r e v e n u e r e d u c e d a c c o r d i n g l y , and we a r e in the s e c o n d . 



Using Equations (l) and (2) and letting I be the p resen t value 
of all capital t ransac t ions and aj^ = [1 - (l + i)~^]/ i , ŵ e have 

a -] revenue = I + a^^ profit + a^^ operating expenses , (9) 

which says that the present value of annual revenue equals the p resen t value 
of annual capital charges plus the p resen t value of annual profit plus the 
present annual operating expenses all taken over the life of the plant. By 
expanding Equation (9) in the p a r a m e t e r s d iscussed above, we can solve 
for m, obtaining 

1 
"" " 8.76 X 10^ P 7 i £ [ ( l - ag) - (1 - a ) j ] ^ 

j l / a n 1 +[1 - (1 - ct)j][0 +X + V/)6(lc + I i ) + OM + fc + P_g ] 

+ [ ̂  Id(l + i)'''^ + dc + U )(1 + i)""^] [cD " (1 - a )j bi] 

, X 1 -(1 - a ) j -n 

where j = Js "̂  J F " JS^F' Thus, if we a r e given average values for the 
p a r a m e t e r s involved, we can determine the average pr ice to be charged for 
the e lec t r i c i ty produced by the power r eac to r in o rder to cover the var ious 
costs and st i l l yield the des i r ed average profit . For the public power 
station operating on a nonprofit b a s i s , we just set the profit p a r a m e t e r CD to 
0 and follow our usual p rocedure . The question of a year with unusual 
operating conditions may be of in te res t to the utility - for example , the 
first year with i ts attendant s tar tup problemis and, there fore , cos t s . To 
compute the corresponding charge for e lec t r i c i ty n e c e s s a r y to maintain 
the des i red revenue cost balance when viewed as a one-year problem, we 
need only adjust the affected cost p a r a m e t e r s accordingly, since the value 
of fixed charges is not changed by such cons idera t ions . 

III. CONCLUDING REMARKS 

Since the selling pr ice of e lec t r i c i ty produced by power r e a c t o r s 
may be ve ry dependent on the value placed on the s imultaneously produced 
plutonium, the pricing of plutonium is a ve ry relevant considera t ion. We 
have applied the analys is above to this problem, interchanging the ro les of 
e lec t r ic i ty cost and plutonium value, and thus developed an IBM 704 p r o g r a m 
to yield the value of plutonium when assigning a selling pr ice for e lec t r i c i ty 
there in produced. 

Id +Ic + [(1 - a ) j - (1 - ag)][10^ A V / T ] } 



By u s e of the c o s t funct ion d i s c u s s e d in t h i s p a p e r , o r the c o r r e s 
ponding IBM 704 p r o g r a m , one can gain i n f o r m a t i o n about the e c o n o m i c 
c o m p e t i t i v e n e s s of a g iven r e a c t o r wi th o t h e r m e a n s of p r o d u c i n g e l e c 
t r i c i t y . By a d i f f e r e n t i a l a n a l y s i s of s u c h c o s t func t ions , t he i m p o r t a n c e 
of the v a r i o u s c o s t p a r a m e t e r s can be s e e n . T h u s , for e x a m p l e , the effect 
of a s m a l l change in u s e - c h a r g e r a t e o r a change in t a x r a t e can e a s i l y be 
a s s e s s e d . D i f f e r en t i a t i ng wi th r e s p e c t to u, the u s e - c h a r g e , we have 

5m [(1 - ag) - (1 - a ) j ] - i 
8.76 x 103 pr]e 

2 < L3kV(ei)k + ^ ( t c k + t f k + t s k ) V ( e i ) k + T k 
V(ei)k + V(e2)k 

+ (t^i^ + t r k + t s ' k ) V(e2)k Lik (1 + '^ck + -^fk) (11) 

which s h o w s tha t a doubl ing of the u s e - c h a r g e would c a u s e the c o s t in m i l l s 
p e r k i l owa t t hour to i n c r e a s e by 

u [ ( l - a g ) - (1 - a ) j ] -^ ^ 

8.76 X 103 pne 

I^L3kV(e i )k+:^ 
k L ^k 

( tck + t f k + t s k ) V ( e i ) k + T k 
V(ei)i^ + V(e2)k 

+ (tdk + t r k + t s . k ) V(e2)k Lik (1 + '^ck +^fk) 

A n o t h e r p a r t i a l , p e r h a p s of e q u a l i n t e r e s t , i s tha t wi th r e s p e c t to j , the 
t a x r a t e : 

d m (1 - a ) i l / a f ^ +[1 -(1 - a g ) ] [ ( 0 + ̂ z + X) 6 ( i c + I i ) + O M + f c + P i ] 

n^ 
+ [cD - ( l - a g ) b i ] [ | l d ( l + i ) ^ +{lc+ljl){l+if''] (12) 

(1 - a g ) 
n ' /3 Id + Ic 8 . 7 6 x 1 0 ^ Pr]£ [(1 - a g ) - ( l - a ) j f 

Such an a n a l y s i s c a n i n d i c a t e t h o s e a r e a s in which , f r o m an e c o n o m i c 
v i ewpo in t , t e c h n o l o g i c a l p r o g r e s s i s n e e d e d . 





A P P E N D I X A 

D E S C R I P T I O N O F T H E IBM 704 PROGRAM 0 9 0 8 / R E 2 2 4 

S T A T E M E N T OF THE P R O B L E M : RE224 i s a p r o g r a m for the IBM 704 
tha t wi l l e v a l u a t e m , the c o s t of e l e c t r i c i t y ( m i l l s / k w h r ) , or v, the va lue 
of p l u t o n i u m ( $ /gm) , fo r a n u c l e a r p o w e r p lan t , g iven v a r i o u s cos t p a r a m 
e t e r s a s inpu t . 

The c o s t of e l e c t r i c i t y , m , can be eva lua t ed for e i t h e r a n u c l e a r 
p o w e r p lan t o r a f o s s i l - f u e l e d p o w e r p lan t by the following equa t ion : 

1 

8.76 X 10^ P T ] £ [ ( 1 - a g ) - ( l - a ) j ] 

X { ( l A n i ) + [ l - ( l - a ) j ] [ ( 0 +X+f) 6(Ic + l i ) + OM + P^ + f c t ] 

+ [I + 1 / 1 + i ) - ^ ] [ c o - ( l - a)j bi ] - ( l - a ) j ^ ( - I d + I c ) 
n \ /3 

+ [ ( l - a ) j - ( l - a g ) ] [ 1 0 ^ A v / r ] } 

w h e r e 

I = - I ^ ( l +1)""^ + (I^ + I ^ ) ( l + i ) ' ' ' ' - 1^(1 + i ) ' 

j = JS + J F " JSJF 

arH 
1 - (1 + i ) 

0 for f o s s i l - f u e l e d p lan t 

/cai + X 0 . 5 a i + jLi0.2ai + vOA aj + ^ 0 . 0 5 a i + ^ 0 . 0 2 5 a i 
for n u c l e a r power p lan t . 

( 1 ) ' 

T k 

a s s u m e d one y e a r for f o s s i l - f ue l ed p lant 

1 - 3 
r e s i d e n c e 

2.7397 X 10"^ E tk . , , j ^ l " ^ ime, ^^i^for n u c l e a r power plant^^/ 
£ P 

Av/T = < 

0 for f o s s i l - f u e l e d p lan t 

N F C B + N F C C 

k = l 
A k / r k foi" n u c l e a r power p lan t , and 

* See n o t e s a t end of Append ix A 



input for fo s s i l - fue l ed plant 

^Qi + Qj + Q3 V 10'' for n u c l e a r power plant 

In the equation for fc^, 

N F C B + N F C C 

Qi = E ^Ak 
k=l 

N F C B 

{ '^ckt ' +^ck + ̂ fk) + =fk(^ +^fk)+ '=rk+ '=sk + <:s'k + <:vi,kiwk 

V(ei)k+V(e2)k ' 

^ ik+AkCpklO ' 

Q2= Y, "kL3kV{ei)k + ^ j f t c k + t f k + t s k \ V ( e , ) k + T k 

k=l 

(tdk+trk + ts'k) V(e2)k ukL,k(l+ick+^fk)+ rv(ei)kL,k(l +^ck+^fk) " V(e2)kLaJ 

and 

N F C B + N F C C 

Q3 = 2 UkLsk + l / n : | [ ( t c k + t f k + T k + t d k + t r k + t s k + t s ' k ) " k + l] Lik (l + ̂ ck+^ fk > " 1̂ 2k j 

k = N F C B + 1 

with 

V(eJHC ^ P ' = ^ ^ ^ V e p - e ^ 

e - e 
p w + C/, V„ + 

« p - ^ F 

P \ e p - - e ^ "w-(^) "-]} 
defined as the value of the p roduc t fuel a t e n r i c h m e n t ep , p = 1,2, and 

V„ = ( 2 e . - 1 ) i n 

defined as the s e p a r a t i o n potent ia l of the ?*•" s t r e a m , C = P , W , F ' ' ^ ' 

The pa ramete r NFCB designates the number of uranium fuel regions in the 
reactor and NFCC, the number of plutonium fuel regions . 

The value of plutonium, v, can be evaluated for a u ran ium- or a 
plutonium-fueled plant by the following equation: 

" [(1 - a g ) - (1 - a ) j ] 1 0 ' ( A / T ) - [ 1 - (1 - a ) j ] Q 3 x l O ^ 

x | ( l / a n - i ) - 8 76 X 10^ P 7 i e m [ ( l - a g ) - ( l - a ) j ] 

+ [o)- (1 - a)j b i ] [I +1^(1 +1)-"] - {1 - a ) j ^ (^ Id + Ic> 

+ [ 1 - ( 1 - a ) j ] [ { 0 + ^ + x) 6 (1^+1^)+OM + ^ +Q1+Q2]} 

whe re I, j , ajj] , Pf , T, Qi , Q2, and Q3 a r e a s defined above for u r a n i u m - f u e l e d p lan ts 

and 

N F C B + N F C C 

A/T = Z V^k 
k = l 



Fur the r analysis of the fuel cycle cost equation can be found in Appendix B. 

MACHINE: This p r o g r a m is wri t ten in FORTRAN for an IBM 704 with core 
s torage of at l eas t 8K, an on-line ca rd r eade r , and an on-line pr in ter or one 
magnet ic tape unit. 

RUNNING TIME: A problem takes l e s s than one-minute running t ime with 
tape output. 

INPUT INFORMATION REQUIRED: The input p a r a m e t e r s , together with 
the values of the assoc ia ted index J (to be explained l a t e r ) , a re as follows: 

J 

1 

2 

3 

P a r a m 
e t e r 

M C A L C 

N F C B 

N F C C 

Descript ion 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

i 

I c 

Id 

h 
n 

^ c 

^ d 

£ 

'T] 

P 

V 

m 

O M 

CO 

{ 0 - V-calculation 
1 - m-ca lcula t ion 

number of u ran ium regions 

number of plutonium regions 

0 < NFCB < 10 
0 < NFCC < 10 
0 < NFCB+NFCC ^ 10 
(both 0 for fossil-fuel 

case) 

number of plants over which design and development 
costs a r e dis t r ibuted 

in t e re s t ra te (% x 10"^) 

investment in construct ion ($) 

investment in design and development (^) 

inves tment in land ($) 

plant life (yr) 

average lead t ime for construction (yr) 

average lead t ime for design (yr) 

plant factor (% x 10"^) 

plant net t he rma l efficiency (% x 10"^) 

t he rma l power rat ing of reac to r (TMW) 

value of plutonium as metal buttons ($/gm) 

cost of generat ing e lec t r ic power (mi l ls /kwhr) 

operating and maintenance cost ($/yr) 

annual level ized r e tu rn on investment (% x 10" ) 



Descript ion 

ad va lo r em ra te for p roper ty taxes (% x 10"^) 

appra i sa l fraction (% x 10"^) 

ad va lo rem ra te for plant insurance (% x 10"^) 

ad v a l r e m ra te for proper ty damage insurance 
(% x 10-2) 

base r a t e of p r e mium on l iabil i ty insurance 
($ per $ mill ion) 

population factor 

JO - calculation for individual plant 

|_1 - calculat ion for company as a whole 

fraction of capital ization by bonds (% x 10"^) 

in te res t on bonds (% x 10"^) 

federal income tax ra te (% x 1 0 )̂ 

s tate income tax ra te (% x 10"^) 
shor tes t per iod allowed for s t ra ight line depreciat ion 

for tax deduction (yr) 

average ra t io of annual income tax payments to an
nual g ros s revenue (% x 10"^) 

JO for nuc lear power case 
(_"fuel cycle cos t" for fossil-fueled case ($ /yr ) 

initial fuel loading (kg) 

amount of fuel after r ep rocess ing (kg) 

amount of inventory fuel (kg) 

percent by which Lj must be inc reased to compensate 
for loss due to conversion (% x 10"^) 

percent by which Lj must be inc reased to compensate 
for loss due to fabrication (% x 10"^) 

percent of Li to be disposed of as radioact ive waste 
(% X 1 0 - 2 ) 

cost of convers ion to fuel meat m a t e r i a l ($/kg) 

cost of fabricating fuel e lements ($/kg) 

cost of r ep roces s ing fuel ($/kg) 



J 

123-132 

133-142 

143-152 

153-162 

163-172 

173-182 

183-192 

193-202 

203-212 

213-222 

223-232 

233-242 

243-252 

253-262 

263-272 

273-282 

283-292 

293-302 

303-312 

P a r a m 
eter 

Cw 

cs 

c s ' 

tc 

tf 

t r 

td 

t s 

t s ' 

ei*(3) 

ez* 

CA* 

C p * 

e p * 

e * ^w 

A 

Cp 

Et 

u 

Description 

cost of radioact ive waste disposal ($/kg) 

cost of shipping new fuel ($/kg) 

cost of shipping i r rad ia ted fuel ($/kg) 

conversion t ime (yr) 

fabrication t ime (yr) 

r ep rocess ing t ime (yr) 

radioact ive decay time for "cooling" (yr) 

shipping t ime for new fuel (yr) 

shipping t ime for i r rad ia ted fuel (yr) 

init ial u ran ium fuel enrichment (wt % x lO'^) 

d ischarge uran ium fuel enr ichment (wt % x 10"^) 

cost of separa t ive work ($/kg) 

cost of feed m a t e r i a l ($/kg) 

feed s t r e a m enr ichment in separat ion plant 
(wt % X 10-2) 

waste s t r e a m enr ichment in separat ion plant 
(wt % X 10-2) 

amount of plutonium produced with one fuel charge 
(kg) 

cost of reducing plutonium ni t ra te to metal buttons 
($/gm) 

in tegra ted fission energy (TMW day) 

use charge ra te (% x 10"Yyr) . 

The input format is as follows: 

Card 1 ti t le ca rd of up to 72 Hollerith cha rac t e r s including 

a 1 in column 1 

Card 2 3112^^) MCALC, NFCB, NFCC 

Card 3 6E12.5 |3, i, I^, Id- I^, n 

Card 4 2E12.5 n^, n^ 

Card 5 5E12.5 e , r] , p, v, m 



C a r d 

C a r d 

C a r d 

C a r d 

C a r d 

C a r d 

C a r d 

C a r d 

C a r d 

C a r d 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

C a r d 16 

C a r d 17 

1E12.5 

1E12.5 

4 E 1 2 . 5 

2E12 .5 

6E12.5 

1E12.5 

1E12.5 

6E12.5 

6E12.5 

6E12 .5 

6E12.5 

4E12 .5 

O M 

CO 

X. S> 0 . f 

a j , P F 

a , b , i , j p , J3 , n ' 

g 

f c t 

L j , L2, L3, i ( , , if, i , ^ 

Cc> Cf , C j . , C ^ , C g , C g l 

t c , tf, t j . , t^, tg , t g , 

Si, e2, C .., C p , e p , e-^ 

A, Cp, E t , u . 

There mus t be NFCB+NFCC sets of ca rds number 13 through 17, and the 
data for all the uran ium regions (NFCB se ts ) must precede the data for the 
plutonium regions (NFCC se t s ) . 

To facili tate p a r a m e t e r s tudies , as many sets of the following 
NPC + 1 ca rds as des i r ed (including O) may follow the above data: 

Card "1 " 112 NPC - the number of pa rame te r 
changes in the next case 

Card "2" I12,E12.5 J i ,PA(Ji) - the index of the pa r ame te r 
to be changed and the new 
value of that p a r a m e t e r 

C a r d " N P C + l" I12,E12.5 J N P C ' ^ A ( J N P C ) -

A blank ca rd must be the las t ca rd for each problem. 

Any des i red number of p roblems can be run consecutively. 

POSSIBLE OUTPUT: Output from an m-calcula t ion consis ts of: 

m (mi l ls -kwhr) 

Capital charges = I ($ /yr ) 

Ad va lo rem charges = ( 0 + ^ + X ) 6 (IQ + I^) ($ /yr) 

Liability insurance p r e m i u m = P^ ($/yr) 



w h e r e 

a n d 

Tota l r e v e n u e = 8.76 x 1 0^ Pr) e m + 10^ A v / r ( $ / y r ) 

E l e c t r i c r e v e n u e = 8.76 x 10^ P r ) £ m ( $ / y r ) 

P l u t o n i u m r e v e n u e = 10^ A v / r ($/yi"} 

O p e r a t i n g e x p e n s e s = ad v a l o r e m + OM + Pj^ + fc^ + t a x e s ( $ / y r ) 

P r o f i t =co [1+1^(1 +1)" ' ' ] ( $ / y r ) 

Sta te i n c o m e t a x = J s ^ S ($ /y^ ) 

F e d e r a l i n c o m e t a x = j p ( l " Jc^-'^S (^/v^) 

To ta l fuel cyc l e c o s t s = fc^ ( $ / y r ) 

Value of fuel a t i n i t i a l and f inal e n r i c h m e n t = V(ei) and V(e2) ($ /kg) 
(for u r a n i u m r e g i o n s of n u c l e a r power p lant only) , 

T a x e s = f e d e r a l i n c o m e t a x + s t a t e i n c o m e t ax 

Nq - r e v e n u e - fc^ - OM - ad v a l o r e m c h a r g e s - P^ 

n 
- I d + I c b i ^ i d d + i r ^ + dc+Vd+i )" ' 

Output f r o m a v - c a l c u l a t i o n is the s a m e a s tha t for an m - c a l c u l a t i o n excep t 
t ha t m i s r e p l a c e d by v. 

S P E C I A L F E A T U R E S , R E S T R I C T I O N S , AND PROGRAM LIMITATIONS: 

1. In c o m p u t i n g f e d e r a l and s t a t e t a x e s , a n e g a t i v e r e s u l t i s p o s 
s ib le if t ax deduc t ibe e x p e n s e s e x c e e d the r e v e n u e . In th i s c a s e the t a x e s 
a r e s e t equa l to 0 and m o r v a p p r o p r i a t e l y a d j u s t e d . 

2. L i a b i l i t y i n s u r a n c e c o v e r a g e r e q u i r e d i s r o u n d e d up to the 
n e a r e s t $100 ,000 . 

3 . P a r a m e t e r s t u d i e s a r e p o s s i b l e wi thout r e r e a d i n g the e n t i r e 
da ta deck , a s i s a p p a r e n t f r o m the d e s c r i p t i o n of the input f o r m a t . To faci l i 
t a t e s t o r a g e of the new v a l u e s of c h a n g e d p a r a m e t e r s , an index J has been 
a s s i g n e d to e a c h p a r a m e t e r (see l i s t of input p a r a m e t e r s ) . The index J 
a s s o c i a t e d with a f u e l - c y c l e - c o s t p a r a m e t e r h a s 10 p o s s i b l e v a l u e s , one 
for e a c h p o s s i b l e fuel c y c l e . F o r e x a m p l e , the va lue of A in the t h i r d fuel 
cyc l e would have i n d e x J = 2 7 5 . The v a l u e s of N F C B and N F C C m a y be 
changed to 0 and l a t e r r e s t o r e d to t h e i r o r i g i n a l v a l u e s to enab le a c o m 
p a r i s o n with f o s s i l - f u e l e d p l a n t s . No o the r changes in N F C B and N F C C a r e 
p e r m i t t e d . Any p a r a m e t e r c h a n g e s m a d e wil l r e m a i n in effect in succeed ing 
c a s e s unt i l c h a n g e d . 



4. Depress ing Sense Switch 1 will produce additional output 
(labelled) for use in debugging. This output consis ts of: a^; , Qi, Q2, and 
Q3, which have been defined previously; Ip = I - I^(l + i)~^; and Tj, T2, T3, 
and T4 which a re in te rmedia te t e r m s defined in the flowchart in boxes 402 
and 404 for an m calculation and in box 401 for a v calculation. 

NOTES: 

(1) See re ference (b), table on page 5 of reference (a), and Sec
tion II.D.4 of this r epor t for detai ls on liability insurance 
p r e m i u m s . 

(2) Fo r theore t ica l physics purposes , T , the res idence t ime, may 
be defined as y^/0ioo£> where 

B - in tegrated flux t ime (cm" ), 

'̂ loo - spat ial average of neutron flux at 100% power (cm" sec" ), 

£ = plant factor (% x 10"2), and 

y - number of yea r s per second - 3.1709 x 10 

(3) S ta r red p a r a m e t e r s a re defined for uran ium regions only. They 
should be set equal to zero for plutonium regions . 

(4) MCALC, NFCB, NFCC, NPC, and J mus t be wri t ten as in tegers 
(no dec imal point) and right adjusted in their respect ive card 
fields. Fo r example, if NFCC = 4, the 4 goes in column 36 of 
card 2 and columns 25-35 must be blank. All other p a r a m e t e r s 
must be wri t ten as floating point numbers with format E12.5. 
For example, the number -0.035 would be wri t ten as 
-3 .50000E-02. 



• 

704 I N P U T D A T A 

FORM I 

PROBLEM SAMPLE INPUT FORM ORIGINATOR PROGRAM 090B/RE 224 DATE PAGE OF 

1 2 3 4 5 6 7 8 9 

] ! ( T l i l M l l o l 1 

lUr. iAi i . ir i 1 1 

r i 1 1 1 1 1 1 

n 
1 n 1 1 1 1 1 1 

i 6 1 1 1 1 1 I 1 

DM 1 1 1 1 1 1 

Iriji 1 1 1 1 1 1 

i)^i 1 1 1 1 1 1 

,n 
a 

1 1 1 1 1 1 1 1 

iff 1 

1 i t 1 1 1 1 1 1 

h 
| C c 1 1 1 1 1 1 

1*^^ 1 

I ' l 

,A 

iNiPiCi 1 1 1 1 

i J l ( l l I ) 1 1 1 1 

* 
i i i < i N , P i C , ) i L , 

1 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 

iNiFiORi 1 

,i 

,"rf , , , , 

l77l 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

| S | 1 1 1 1 

PF 
1 1 1 1 1 1 

b 
1 I 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

,4 . - . 
, q f , , 1 1 

, t f , , , , 

,«2 , , , , 

,cp , , , , 

1 1 1 1 1 1 

PiBiF laim 1 e i t 

P i a i r lam l e i t 

b l * B k c a r d 1 2 3 4 5 6 7 8 9 

1 

2 

0 1 2 3 4 5 6 7 8 9 

LL_La i_ 

1 1 1 1 

l i i l 

e j - i ( L U 

e i n d N i P 

3 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 1 1 

iNiFirif.i 1 1 1 1 1 1 

1 0 1 1 1 1 1 1 1 1 1 

± - 1 1 1 

iBi 1 i 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 

["A 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 

i 
1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 

b _ L ^ _ ^ i ^ ^ ^ . . ^ 

|Cr , , 1 , 

|tr , 

,Et , , 

1 1 1 ' 1 1 1 t 1 1 1 

1 1 1 1 ! 1 1 1 1 1 1 

C l ^ ! 1 I I 

0 1 2 3 4 5 6 7 8 9 

2 

1 1 

1 1 

h 
1 1 

_ L 2 L _ 

1 1 

1 1 

fpl 

1 1 

^r 

i _ j _ 

^ 

i^lL 

î H 

u 
i 1 

4 5 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 h 1 

1 1 1 1 1 1 1 1 1 ) 1 

1 1 

0 1 2 3 4 5 6 7 8 9 

3 

1 1 1 1 1 1 1 1 

1 

0 1 2 3 4 5 6 7 8 9 

h. 

mi 1 1 1 1 1 1 1 1 

i s 1 , , , , . , , 1 

^f 

C.q 1 I I 

t « , , 

*F , , , 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 I 1 1 1 

J 1 1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 

4 5 

6 

0 1 2 3 4 5 6 7 8 9 

n 

n' 

K 

i t . ' 

I ^ W 

1 1 1 1 1 1 1 1 

7 

0 1 2 3 4 5 6 7 8 9 

8 

0 

r iT |Ti i . iE i 1 n 

PiAiHiAiMi.Si l5| 

F iI iXiEiDi 1 i3 

r.|HiAifiifJiF.i.«ii4 

R.RViKiNiriiKi.'; 

niMi 1 1 1 1 16 

PiRiOiPTiTi 1? 

AiDi iViAiLi i8 

TiNtSiHiRi 1 iQ 

T , A , X , B S , il iO 

1 1 1 1 1 i l i l 

FiCi 1 1 1 i l i 5 

FitliRiLi 1 i l i S 

Lj_ .1 C i Y i O L i R i l i 4 

1 , P l A i H i A l l f i - n i S 

1 1 

1 1 

1 1 1 1 1 1 1 1 1 1 II 

1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

6 

1 1 

RiTiRiRi 1 1 ll-^ 

SiEiTi 1 1 1 l i7 

MJ«iCi-iM,OiD,l 

P | C , ( , l | ) i I 1 

p,r. ,f .NiPir. i i 

0 1 2 3 4 5 6 7 8 9 

7 

0 

8 



A P P E N D I X B 

F A S T R E A C T O R F U E L C Y C L E COST ANALYSIS 

C o n s i d e r the r e a c t o r d iv ided into up to ten fuel r e g i o n s of two 
types - u r a n i u m r e g i o n s and p lu ton ium r e g i o n s . 

The f u e l - c y c l e - c o s t equa t ion for a u r a n i u m r e g i o n is of the f o r m 

f c y = uL3V(ei) + - j c^( l + ^ ^ + ^ p +cf ( l + ^f) + C i . + C g + C s . +c^l 

I/ N ,r/ N / 'V(ei) + V(e2)\ + (t^ + tf + tg) V(ei) + T [ 2 . I 

L, 

+ (t^ + t^ + t3,)V(e2) u L i ( l + ^c + -̂ f) 

+ [V(ei) L l (1 + i _ + if) - V(e2)L2] + A c 10' (1) 

w h e r e a l l c o s t and we igh t v a r i a b l e s and the u s e - c h a r g e r a t e a r e m t e r m s 
of u r a n i u m . 

F o r p l u t o n i u m r e g i o n s we a s s u m e tha t the c o s t of n o n - p l u t o n i u m c o r e 
m a t e r i a l s is neg l ig ib l e and tha t a l l i s o t o p e s of p lu ton ium a r e of equa l v a l u e . 
Hence a l l c o s t s and w e i g h t s a r e m t e r m s of p lu ton ium on ly . In equa t ion ( l ) , 
r e p l a c e V(ei) and V(e2) by v-lO , the va lue of a k i l o g r a m of p lu ton ium, and 
r ede f ine a l l c o s t and weigh t v a r i a b l e s and the u s e - c h a r g e r a t e m t e r m s of 
p l u t o n i u m . Th i s y i e l d s 

f c p ^ = u L a v l O ^ + M [ c c ( l + ^c + -^f) + ^f(1 + i f) + c^ + Cg + c^ , + c^£^] U 

+ [(t^ + tf + tj. + tg + tg . + td + r ) v-lO^ uLi (1 +£c + i f ) ] 

+ [Ll (1 + i c + i f ) - L2]v. l0^ + A CplO% 

The to t a l f u e l - c y c l e cos t , fc^, i s the s u m of a l l u r a n i u m and p lu ton ium 
r e g i o n c o s t s . 



APPENDIX C 

GENERAL OPERATING INSTRUCTIONS 

704 PROGRAM _ 0 9 0 8 / R E 2 2 4 _ 

USED 

READER: 72 X 72 b o a r d PUNCH; n o t u s e d DRUM; I I 

UF SWITCH: I I 
PRINTER: S H A R E b o a r d #2 if SS #2 i s down , no t u s e d o t h e r w i s e 

SENSE SWITCH SETTINGS: 

#1 - u p #2 - up - o u t p u t on t a p e #1 # 3 , 4 , 5 , 6 - not u s e d 
down - ou tpu t on l i n e 

TAPES: T a p e #1 f o r ou tpu t if SS #2 i s up 
None u s e d if SS #2 i s down 

TIME BEFORE OUTPUT: n e g l i g i b l e RUNNING TIME: a b o u t 1 m i n u t e / p r o b l e m 
w i t h o f f - l ine ou tpu t 

OFF-LINE PRINTING: P r i n t t a p e #1 (if u s e d ) o f f - l i n e u n d e r p r o g r a m c o n t r o l . 

RUNNING PROCEDURE: 

1. READY tape #1 or p r i n t e r . 

2. Set sense swi tches . 

3. READY binary p r o g r a m deck followed by data input 
(a blank ca rd m u s t s epa ra t e p rob lems) in r eader . 

4 . C L E A R a n d L O A D C A R D S . 

STOPS (OCTAL): F i n a l s t o p : H P R 0,1 
F O R T R A N E R R O R S T O P S 

AMD-5 lT-59) 



APPENDIX D 

FLOWCHART 

(g>-
CLEAR data storage 
turn off SENSE LIGHTS 
0-»MOD 

X 
READ title card 
READ MCALC, NFCB, NFCC 
READ/3, I, Ic, Id. U n , nc, nd 
READ e i ; P, V, m 
READ OM 
READ w 
READ X , 8 , < ^ ,1 / ' 
READ ai PF 

READ a , b , I, JF. JS. " ' . 9 
READ fct 

d 
8051 

SENSE SWITCH 2 

7051 

Substitute 'WRITE 
OUTPUT TAPE" for 
"PRINT" in box 52-60 

down 

PR I NT title card 

(^ MC 

52 , 

ALC y i 

53 

PRINT"v calcula
t ion," NFCB, NFCC 

, ' ' 0 

PR 1 NT "m calculation,"NFCB, NFCC 

5^ , 

P R I N T / 8 , I ^ 1, n, Ic, nc. Id, nd 

56 

( MCALC ^ )—i jPRINT € , P, T j .m | 

55 , " 0 

PRINT e, P,T7 V 

57 
• 

PRINT OM,aj 
PRINT X ^ , 8 , 1 / / 
PRINT a i ,PF 
PRINTa,Js , b, n', 1, g, jp 

58 ' 
NFCB + NFCC—NFC 

59 61 

c NFC 

60 

J^%^FC^ LOOP 

PRINT fct • * @ ) @ 

(62>>l i -> r 

READ Li(k), L2(k), L3(k),.«c(l<),-<fll<), ^4^-'^ 
READ cc(k), Cf(k), CrIk), cw(k), Cs(k), Cs'(k) 
READtc(k), tf(k), tr(k),td(k), tjlk), ts'(k) 
READ eilkl, e2(k), C^lkl. Cplkl, eplk), ej^lk) 
READ A(k),cp(k), Et(k), ulkl 

63 

( k-LOOP y i ^ k * l - >k ] -

>0 8063 

^SENSE SWITCH 2)-H4 

7063, 

substitute'WRITE OUTPUT 
TAPE"for "PRINT" in box 7063 

down 

PRINT Li(k), L2(k), L3(k) 
PRINT.«c<k>.-^f'l<t,-^w(KI 
PRINT Cclk), C((k), CrIk) 
PRINT Cw(k), Cs(k), Cs'(k) 
PRINT t j l k l , tf(k), tr(k) 
PRINT td(kl, tslk), ts'(kl 
PRINT ei(k), e2(k), C^(kl 
PRINT Cplkl, eplkl, ej^lkl 
PRINT A(k), Cp(k), Et(k) 
PRINT Uk) 

k • 1. , LOOP 

100 

@)-». 

JF +JS-JSJF-»J 
(1 - a ) j - » a j 
(1 - ag)—»ar 
Id(l + O f̂iZ/S + d c + 1^)11 + 1)"'^—In 
Ip-I_^(l+ I ) - " - • I 

102 

G r 
101 

1 
•(1 +1)" 

•aril 

n-»ari i 

200 

0-»Yt, Qi Q2, Q3 

0—V(ei)|^, Vle2)|^, k • 1, 

202 

G NFC 

203 #0 

NFC-•LOOP 

204 

l -»k 

Next page 
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300 341 

(300)-^( 1000 P-10 ) ^ ^ l-jf 
1. <0 323 

342 >0 SO 343 

( 1000P-1000 J H \5-JI. 

344 ,>0 SO 
345 

( P-10 ) —^ lb--X \~* 

347 346 ,>0 SO 
( P 77-100 ^ •! 60-^.< 

348 .,<0 

150 X 1000 X P X PF X W^-£ 

<0 349 

(.<-3 5 ) -Ul 35->.g |—» 

350 lao >o 351 
( .€ 60 ) H 60--^ |-» 

352 

304 

<0 

10.̂ + 99999999])-•.« 

( . ^ - 2 0 J-^—•! ^ - 1 0 - ^ f ' 

324 1 >0 <o 325 

( 05ai-1000 J—•—>| 1000->prl5i 

326 >0 

05ai-»pr(5) 

327 

1 0 - • f 

SO 328 
.^-40 

329 

-H .€-20->C 

>0 
<0 

330 

Q 025ai-1000J •! 1000-*prl6l 

331 >0 

025ai-»pr(6) 

332 

2 0 - e 

SO 333 

<0 305 
(^ £-if\ ~ } - ^ — • ! .^-40-»g 

(̂  ai - 1000 j —•! 1000->pr(l) 334 >0 

306 >0 

aj-»pr(l) 

307 

20-•^ 

SO 
335 

( £-1 ) H -g-»li - H 0 -• X 

309 >0 <0 310 336 

( 5ai 1000 ) - • I 1000—pr (21 | 

311 >0 

5aj—pr(2) 

312 
1 

1 — k 

^ . > , 0 3 1 L - ^ - . , 

~*\ 0 - • / i 

314 i>0 
<0 315 

( 2ai 1000 ) —•! 1000—pr(3) | 

316 .̂>0 

231—pr(31 

31 ' , 
• 

4 - » X 

. ' <n 318 

(^-'° > -H £-b->-H-

337, 

0 - • 1/ 

338 

o^c h-

339 

o-C 

340 

/c pr(l) + X pr(2)+Ai- pr(3)+i' pr(4)+C prl5) + C pr(6) —P_^ 

319 ,>0 <0 320 

( lai-1000 ) -—«^ 1000—pr(4) 

321 .^0 322 

lai-^pr(4) >| 5 — /^ |-» next column 

file:///5-jI


(my* 
400 

{<f> + 

ai Ip 

<Id'/3 

t +x) 
•* PROFIT 

+ Ic)/n' 

(Ic-

i-b 

l£> 

Ip 

S -

— DEP 

ADVAL 

( MCALC } ' - ^ - * ^ 

402 *0 

Yj v l 03 -»Y t 

l / ^ a r - a j ) P 77 e 8 76xlo3l—Tj 

PROFIT-Qj b I Ip-ajddZ/S + IcWn' -•T3 

Yt ( a j - cir)-^T4 

C NFC > 

4 0 3 , , 5 * 0 

Ql + Q2 + V Q3 10^— fC) 

404 

I / a j ^ + d - a j ) (ADVAL + OM + fCt+ P^) — T2 

Ti (T3 + T4 + T2)— m 

Yt+ P 77 € m 8 76xl03—REV 

REV- fc , -OM-ADVAL-DEP-P^-• Ns 

Js N j - S T A X 

jp ( l - J j ) Ns —FTAX 

STAX + FTAX—TAXES 

ADVAL + OM + P^ +fct +TAXES -» OE 

X 
( TAXES > ^ 

413 i <0 

m + iTAXESi P 7; € 8 7 6 x l 0 3 - » m 

0-» TAXES 

Y, + P 77 e m 8 76 X 103 -» REV 

ADVAL + 0M+ P.̂  + fct —OE 

0-»FTAX STAX 

412 

REV-Yt-»ELECRV 

Next Column 

i up 

(SENSESWITCHZ)-

7404 

8404 

substitute'WRITE OUTPUT 
TAPE" for "PRI NT" in box 7404-407 

down 

PRINTm,REV, ELECRV % I OE, ADVAL 
PROFIT, P_̂ , STAX, FTAX, fCt 

(^ NFCB } -

405 #0 

PRINT Vei(k),Ve2(kl,k = 1 NFCB 

406 r 
(SENSE swiTcin)-H£ 

407 down 

PRINT an), Ip Ql Q2, Q3, Ti, Tj, T3 T4 

64 r 
( M V T t u r n off SENSE LIGHTS 
^ ^ READ NPC 

c NPC X§) 
*0 

MOD + 1 —MOD 

8065 
^ENSE SWITCH"2)-^:iS-—[WRITE OUTPUT TAPE MOD 

7065 down 

PR I NT MOD 

1—k 

READ J, PA(J) 

i 8070 

(SENSE SWITCH 2)-H£ 

7070 

WRITE OUTPUT TAPE 
LABEL(J), PA(J) 

down 

PRINT LABEL(J), PA(J) 

17. 66 

CKH^^ •fix" PA(J) 

69 >0 ^ ^ 
(k-NPC ~J • I k t ! - • 

>0 



(m)* 
401 

l / [ ( c t r - a j l 10^ Y t - ( l - a j ) Q3 l o 3 ] - T i 

(1 - a J) (ADVAL + OM + Ql + Q2 + P_̂ ) -•T2 

( a r - a j ) 8 7 6 x l o 3 P 77 e m—T3 

I/afl, + ( ( i j - a j b 0 I p - a j ; n ' ( I d / / S + I c ' - T 4 

Ti (T2 + T4 - T3) — V 

Q1 + Q2+Q3 V lo3—fC( 

Yt V 103+ P 77 « m 8 7 6 x 1 0 3 - R E V 

REV-fCj- OM-ADVAL-DEP-P^-N3 

Js Ns —STAX 

Jp (1-Jsl Nj—FTAX 

STAX + FTAX—TAXES 

ADVAL + OM + P^ + fct + TAXES —OE 

20 

TAXES 

414 <0 

v + ITAXESI/(Yt 103) —V 

0-TAXES 

Yt V lo3 + P 77 e m 

ADVAL + OM + P ^ + fCt -

0-»FTAX STAX 

8 76 

OE 

xl03-» REV 

415 . 

Yt V 103-»Yt 

REV- Yt-» ELECRV 

8401 

SENSE SWITCH 2 

7401 

Substitute 'WRITE OUTPUT 
TAPE' for "PRINT' in box 7401-408 

PRINT V REV, ELECRV, Yt, OE, ADVAL 
PROFIT,?^, STAX FTAX fc, 

r 
( NFCB j -

409 5«0 

PRINT Vei(k), Ve2(k) k=l NFCB 

410 

^ENSE SWITCHJ)-^i5-^M) 

408 . down 

PRINT an, I p , Ql, Q2, Q3, Ti T2. T3 T4 
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CODE LISTING 



0908/RE221+ REACTOR ECONOMICS CALCULATIONS J HEESTAND 7/5/61 
DIMENSION LABEL(350),PA(350),JPA(350),EL1(10).EL2IIO),EL3(10), 
1 ELC( 10),ELF( 10)»ELWD(10),CUn0),F(10),RPU{l6), 
2 CWD(10),S1{10),S2(10),TC110),TF(10),TRP(10), 
3 TD( 10),TSm0),TS2(10),E1(lQ)fE2(10),CDELTA{10), 
k CF(10),EF(10),EW(10),A{10),CP(10),ET!IO),U{10), 
5 VW(10),VFI 10),vm0),V2(10),TlW{10),T2W( 10), 
6 T1F{10),T2F(10),VE1(10),VE2{)0),TAU(10),PR(6) 
EQUIVALENCE IPA( 1),MCALC ),(PA{ 2),NFCB ),(PA( 3),NFCC 
1 {PAl U),BETA ),(PA( 5),EYE ),(PA( 6),EYEC 
2 (PAl 7),EYED ),(PA( 8),EYEL ).lpA( 9),EN 
3 (PAl 10),£NC ),IPA( n),END ItlPAl 12),EPSL0N 
k (PAl 13),ETA ),IPA{ U»),P ),(PA( 15),V 
5 (PA( 16),EM ),(PA( 17),OM ),(PAl 18),OMEGA 
6 (PA( 19),CHI ),(PA{ 20),DELTA ),(PA{ 21),PHr 
7 (PAl 22),PSI ),(PA( 23),AI ),(PA( 2U),PF 
8 (PAl 25),ALPHA ),(PA{ 26),B ),(PA( 27l,EYEBAR 
9 (PAl 28),AJF ,IPA( 2?»»AJS l.lPAl 30),ENPRIM 

) , I 
1 (PA( «*3 ) ,EL2(1 ) ) , {PA( 5 3 ) , E L 3 l l ) | , ( P A { 6 3 ) , E L C ( 1 ) 
2 IPAl 7 3 ) , E L F ( 1 ) ) , l P A l a 3 ) , E L W 0 l l ) ) , I P A { 9 3 ) , C U { 1 ) 
3 IPAl 1 0 3 ) , F 1 1 ) ) , (PA{ 113),RPUl 1) ) , I P A n 2 3 ) ,CWDl 1) 
k IPAl 1 3 3 ) , S i l l ) ) , l P A t l i * 3 ) , S 2 ( 1 ) ) , (PAl 1 5 3 ) , TC{ 1 ) 
5 I P A { 1 6 3 ) , T F ( 1 ) ) , ( P A { 1 7 3 ) , T R P l 1) ) , ( P A l 1 8 3 ) , T 0 ( 1 ) 
6 ( P A l 1 9 3 ) , T S 1 { 1 ) ) , ( P A 1 2 0 3 ) , T S 2 ( 1 ) ) , I P A ( 2 1 3 ) , E 1 ( 1 ) 
7 ( P A ( 2 2 3 ) , E 2 ( 1 ) ) , ( PA( 233) ,C0ELTA( 1) ) , { PA(2«t3) ,CF (1 ) 
8 IPA1253) ,EF11) ) , { P A ( 2 6 3 ) , E W l 1 ) ) , ( P A ( 2 7 3 ) , A l l ) 
9 { P A { 2 8 3 ) , C P U ) ) , IPA1293) , E T ( 1 ) ) , IPA1303) , u n ) 

EQUIVALENCE IPAl l ) , J P A l l ) ) 
COMMON LABEL,PA,AJ,ALPHAJ,ALPHAR,CAPIP,CAPI,AN,YT,PL,CAPPA,ELAMDA 
1 EMU,ENU,XI,ZETA,Tl,T2,T3,Tlt,EL,VW,VF,V1,V2,T1W,T2W,T1F,T2F 
2 VE1,VE2,TAU,PR,Q1,Q2,Q3,J,K,L,L00P,NPC, 
3 MOD,ADVAL,PROF IT,DEP,REV,ENS,STAX,FTAX,TAXES,OE,ELECRV,NFC 
1 F0RMAT(72H 
1 ) 

2 F0RMAT(6E12.5) 
3 F0RMAT(/7H0 INPUT/16H0 FIXED CHARGES/8H BETAIPE17.6,18H 
1 I(L)E17.6/8H I E17.6,18H N E17.6/8H 
2I(C)E17.6,18H N(C)E17.6/8H I(D)E17.6,18H 
3 N(D)E17.6) 
U F0RMAT(10H0 REVENUE/1IH EPSIL0N1PE1U.6,18H P El 
17.6/8H ETA E17.6,18H V E17.6) 

5 F0RMAT(3UH0 OPERATING AND MAINTENANCE C0STS/6H OMIPE19.6/9H0 
1PR0FIT/9H 0̂ •EGAE16.6) 

6 F0RMAT121H0 AD VALOREM CHARGES/9H CHI 1PE16.6,18H 
1 PHI E17.6/9H DELTAE16.6,18H PSI E17.6) 

7 FORMAT120HO INSURANCE CHARGES/8H A I 1)IPE17.6,18H 
IPF E17.6) 

8 F0RMAT18H0 TAXES/9H ALPHA 1PE16.6,18H JIS)E17.6/8H 
1 B E17.6,20H NPRIMEE15.6/8H IBARE17.6,18H 
2 G E17.6/8H J(F)E17.6) 
9 F0RMAT120H0 FUEL CYCLE COST =1PE13.6) 
10 F0RMAT119H0 FUEL CYCLE C0STS/7X, UHL 11 ) 18X,l̂ HL 12) 19X,UHL ( 3) / IIPE 15 
1.6,E22.6,E23.6)) 

11 F0RMAT17X,UHLIC) 18X,«iHLlF) 19X,5HLIW) / I IPE 15.6, E22. 6,E23.6) ) 
12 F0RMAT(7X,l+HC(C)18X,J4HClFn9X,UHClR)/llPE15.6,E22.6,E23.6)) 
13 FORMAT17X,UHCIW)18X,UHCIS)16X,lOHClS PRIME)/I 1PE15.6,E22.6,E23.6)) 
14 F0RMATt7X,UHTlC)18X,UHTlF)19X,5HTlR) /I 1PE15.6,E22.6,E23.6)) 
15 F0RMATl7X,l+HTlD)18X,UHTl§) 16X, lOHTlS PRIME ) / I 1 PE 15.6,E22.6, E23,6 ) ) 
16 FORMAT(7X,UHEI 1)18X,UHE12)17X,PHClOELTA)/llPEl5.6,E22.6,E23.6)) 
17 F0RMATt/8H0 OUTPUT/UX,1HM8X,IPEm.6,13X,9HT0TAL REVE1U.6/UX,9HELEC 
IT REVE1U.6,13X,9HPU REV E1U.6/UX,1HI8X,E1U.6,13X,UH0.E.5X,E1U.6/ 
2l»X,9HAn VAL E 1 U. 6,1 3X,9HPR0FIT ElU.6/UX,?HPL7X,Ell».6 ,1 3X,9HS T 
3AX EH^.6/UX,9HF TAX E 1 «+.6,1 3X ,9HT0TAL FC E1U.6) 

19 FORMATlI 12,E12.5) 



20 FORMATl12A6) 
21 FORMAT(UH 1A6,1PE12.5) 
22 F0RMAT(6I12) 
23 FORMATl 17H M CALCULATION I2,19H URANIUM REGIONS I2,18H PLUTCNI 

1UM REGIONS) 
2h FORMATl 17H V CALCULATION I2,19H URANIUM REGIONS I2,18H PLUTONI 

lUM REGIONS) 
25 FORMATllOHO REVENUE/llH EPSILONl PE ll^-6, 18H P El 

17.6/8H ETA E17.6,18H M E17.6) 
26 FORMATl 7X,t+HClF) 18X,UHEIF) 19X,UHE IW) / I IPE 1 5.6,E2?.6,E23. 6) ) 
27 F0RMAT(/8H0 OUTPUT/UX , 1HV8X, IPE 1U.6, 1 3X,9HT0TAL REVE 11+.6/UX, 9HCLEC 

IT REVE1U.6, 13X,9HPU REV E 1 J4̂ .6/UX, 1HI8X, E 1U.6, 1 3X,UH0.E.5X, E 1 U. 6/ 
2UX,9HAD VAL E 1«+. 6, 13X,9HPR0F I T E 1U.6/UX, 2HPL7X ,E 1U.6 ,1 3X,9HS T 
3AX E1U.6/1+X,9HF TAX E 1 U. 6, 1 3X,9HT0TAL FC E1U,6) 

28 FORMATI//13H0MODIFICATIONI6) 
29 F0RMATIUX,5HVIE1)31X,5HVIE2)/113X,IPE1U.6,22X,E1U.6)) 
31 F0RMAT18H AN 1PE17.6,18H IP E17.6/8H Ql E17. 

l6tl8H Q2 E17.6/8H Q3 E17.6,18H TI 
2E17.6/PH T2 E17.6,18H T3 E17.6/8H TU E17.6) 

3? FORMATl9X,IHA19X,UHCIPn9X,UHEIT)/(1PE15.6,E22.6,E23.6)) 
33 F0RMAT19X, lHU/nPE15.6)) 

READ 20, (LABELIK),K=1,312) 
50 DO 51 K=l,350 
51 PAIK)=0. 

SENSE LIGHT 0 
M0D = 0 
READ 1 
READ 22,MCALC,NFCB,NFCC 
READ 2,BETA,EYE,EYEC,EYED,EYEL,EN,ENC,END 
READ 2,EPSL0N,ETA,P,V,EM 
READ 2,0M 
READ 2,OMEGA 
READ 2,CHI,DELTA,PHI,PSI 
READ 2,A1,PF 
READ 2,ALPHA,B,EYEBAR,AJF,AJS,ENPRIM,R 
READ 2,FCT 
IF (SENSE SWITCH 2) 7051,8051 

7051 PRINT 1 
IF IMCALC) 52,53,52 

52 PRINT 23,NFCP,NFCC 
GO TO 5U 

53 PRINT 21+,NFCB,NFCC 
5k PRINT 3,BETA,EYEL,EYE,EN,EYEC,ENC,EYED,END 

IF IMCALC) 55,56,55 
55 PRINT 1+,EPSL0N,P,ETA,V 

GO TO 57 
56 PRINT 25,EPSL0N,P,ETA,E«' 
57 PRINT 5,OM,OMEGA 

PRINT 6,CHI,PHI,DELTA,PSI 
PRINT 7,A1,PF 
PRINT 8,ALPHA,AJS,B,ENPRIM,EYEBAR,R,AJF 

58 NFC=NFCB+NFCC 
59 IF (NFC) 61,60,61 
60 PRINT 9,FCT 

GO TC 100 
61 LOOP=NFC 
62 DO 63 K=1,L00P 

READ 2,EL1(K),EL2(K),EL3(K).ELC(K),ELF(K),ELW01K) 
READ 2,CU(K),F(K),RPU(K),CWD IK),SI IK),S2 I K) 
READ 2,TC(K),TFIK),TRPIK),TD(K),TS1(K),TS2(K) 
READ 2,E1(K),E21K),CDELTAIK),CFIK),EFIK),EWIK) 

63 READ 2,AIK),CPIK),ET{K),UIK) 
IF (SENSE SWITCH 2) 7063,8063 

7063 PRINT 10,IEL11K),EL21K),EL31K),K=1,L00P) 
PRINT n,{ELClK) ,ELFIK) , ELWD IK ) , K= 1 ,L00P ) 
PRINT 12,ICU(K),FIK),RPUIK),K=1,L00P) 



PRINT 13,ICWDIK),S11K),S21K),K=1,L00P) 
PRINT 1U,ITCIK),TF(K),TRP(K),K=1,L00P) 
PRINT 15,(TD(K),TS1(K),TS2(K),K=1,L00P) 
PRINT 16,(E1(K),E2(K),CDELTA(K),K=1,LOOP) 
PRINT 26,ICFIK),EFIK),EWIK),K=1,L00P) 
PRINT 32,IAIK),CPIK),ETIK),K=1,L00P) 
PRINT 33,IU(K),K=1,L00P) 

100 AJ=AJF+AJS-AJF»AJS 
ALPHA J=l l.-ALPHA)»AJ 
ALPHA R=1.-ALPHA*R 
CAP I P=lEYED»n.+EYE)«»END)/BETA+lEYEC + EYEL)»l1.+EYE)»»ENC 
CAP I=CAPIP-EYEL«l1.+EYE)*»l-EN) 
IFIEYE) 102,101,102 

101 AN=EN 
GO TO 200 

102 AN=ll.-l./l l.+EYE)»*EN)/EYE 
200 YT=0. 

C1 = 0. 
02 = 0. 
Q3=0. 
DO 217 K=l,10 
VE1lK)=0. 

217 VE21K)=0. 
207 IF INFO 203,216,203 
216 PL=0.0 

GO TO UOO 
203 LOOP=NFC 
20U DO 205 K=1,L00P 

TAUIK)=12.7397E-3*ETIK))/IEPSL0N»P) 
YT=YT+AIK)/TAUIK) 

205 Ql=Q1 + l ICU(K)»( 1.0+ELC(K)+ELF(K))+F(K)»(1.0 + ELF(K))+RPU(K)+S1(K) + 
lS2lK)+CwDlK)»ELWDlK))»ELllK)+AlK)»CPlK)»lE+3)/TAUlK) 

207 IF (NFCB) 212,214,212 
212 LOOP=NFCB 
208 DC 209 K=1,L00P 

VW(K)=(2.»EWIK)-1.)»L0GFIEW(K)/11.-EWIK))) 
VFIK)=(2.»EFIK)-1.)»L0GFIEFIK)/11.-EFIK))) 
V11K)=1?.»E1(K)-1.)»L0GF(E1(K)/(1.-E11K))) 
V21K)=12.»E21K)-1.)»L0GFIE21K)/(1.-E21K))) 
T1W(K)=(E1(K)-EW(K))/(EF(K)-EW(K)) 
T2WIK)=IE21K)-EWIK))/IEF(K)-EW(K)) 
T1F{K)=(E1(K)-EF(K))/(EF(K)-EW(K)) 
T2F(K)=(E2(K)-EF(K))/(EF(K)-EW(K)) 
VE11K)=ICFIK)»T1W{K)+CDELTAIK)»IV11K)+T1FIK)»VWIK)-T1WIK)»VFIK))) 
VE21K)=ICF(K)*T2W(K)+CDELTA(K)»(V2(K)+T2FIK)»VWIK)-T2WIK)»VFIK))) 

209 C2 = Q2 + UlK)»EL3lK)»VE1lK) + l((TC(K)+TF(K)+TS 1 (K))"VE1 IK)+TAUIK)• 
1IVElIK)+VE21K))/2.0+lTDlK)+TRPlK)+TS2lK))•VE2IK))»UlK)»EL1(K)» 
211.0+ELCtK)+ELF(K))+VEl(K)*ELl{K)»l1.0+ELC(K)+ELF(K))-
3VE?lK)»EL2tK))/TAUlK) 

21U IF INFCC) 210,300,210 
210 LOOP=NFC 

L=NFCB+1 
DO 21 1 K = L,LOOP 

21 1 C3 = G3+UIK)»EL31K) + ITCIK) + TFIK)+TRPIK)+TS1IK)+TS21K)+TDIK)+TAUIK))• 
1UIK)»EL11K)»11.0+ELC(K)+ELF(K))/TAU(K)+ 
21EL11K)*( 1.0+ELCIK)+ELFIK))-EL21K))/TAUIK) 

300 IF 11000.»P-10.) 3U1,3U1,3U2 
341 EL=1.0 

GO TO 304 
342 IF I1000.*P-1000.) 343,343,344 
343 EL=1.5 

GO TC 304 
344 IF lP-10.) 345,345,346 
345 EL=2.5 

GO TO 304 
346 IF IP»ETA-100.) 348,347,347 



31 

347 EL=60. 
GO TC 304 

348 EL=( 150.•1000.»P»PF)/1000000. 
IF lEL-3.5) 349,350,350 

349 EL=3.5 
GO TC 304 

350 IF lEL-60.) 352,352,351 
351 EL=60. 

GO TO 304 
352 EL = .l*INTFl 1 0.»EL + .99999999) 
304 IFIA1-1000.)305,306,306 
305 PRI 1 ) = 1000. 

GO TC 307 
306 PRI1)=A1 
307 IFlEL-1.1308,308,309 
308 CAPPA=EL 

GO TC 335 
309 IF(.5*A1-1000.)310,311,311 
310 PR(2)=1000. 

GO TO 312 
311 PR(2)=.5»A1 
312 CAPPA=1. 

IF(EL-5.1313,313,314 
313 ELAMDA=EL-1. 

GO TO 336 
314 IF( .2*A1-1000.1315,316,316 
315 PR(3)=1000. 

GO TC 317 
316 PR(3)=.2»A1 
317 ELAMDA=4. 

IF(EL-10.)318,318,319 
318 EMU=EL-5. 

GO TO 337 
319 IF( .1»A1-1000.1320,321,321 
320 PR(4)=1000. 

GO TO 322 
321 PR(4)=.1*A1 
322 EMU=5. 

IF(EL-20.1323,323,324 
323 ENU=EL-10. 

GO TO 338 
324 IF1.05»A1-1000.1325,326,326 
325 PR15)=1000. 

GO TO 327 
326 PR15)=.05»A1 
327 ENU=10. 

IFlEL-40.1328,328,329 
328 XI=EL-20. 

GO TC 339 
329 IF(.025»A1-1000.1330,331,331 
330 PR(6)=1000. 

GO TC 332 
331 PR(6)=.025»A1 
332 XI=20. 

IFlEL-60.)333,333,334 
333 ZETA=EL-40. 

GO TO 340 
334 ZETA=20.0 

GO TO 340 
335 ELAMDA=0. 
336 EMU=0. 
337 ENU=0. 
338 XI=0. 
339 ZETA=0. 
340 PL = CAPPA»PRl1)+ELAMDA»PRl2)+EMU»PRI 3)+ENU»PR14)+XI»PR15)+ZETA»PR(6 

1 ) 



400 ADVAL=(PHI+CHI+PSI)»(EYEC+EYELJ»UtLiA 
PR0FIT=0MEGA*CAPIP 
DEP=1.0/ENPRIM»(1.0/BETA»EYED+EYEC1+B»EYEBAR»CAPIP 
IF (MCALC) 402,401,402 

401 Tl=1.0/((ALPHAR-ALPHAJ)«1E+3»YT-(1.0-ALPHAJ)»Q3*1E+3) 
T2=( l.-ALPHAJ)»(ADVAL + 0W + Ql+Q2 + PL) 
T3=(ALPHAR-ALPHAJ)»8.76E+3»P»ETA»EPSL0N»EM 
T4=CAPI/AN+(OMEGA-ALPHAJ•B*EYEBAR)»CAPIP-
1ALPHAJ»1 1.0/BETA»EYED + EYEC)/ENPRIM 
V=T1»IT2+T4-T3) 
FCT=Cl+Q2+Q3»V»1E+3 
REV=YT»V»1E3+P»ETA»EPSL0N»EM«8.76E+3 
ENS=REV-FCT-OM-ADVAL-DEP-PL 
STAX=AJS»ENS 
FTAX=AJF»ll.-AJS)»ENS 
TAXES=STAX+FTAX 
OE=ADVAL+OM+PL+FCT+TAXES 
IFITAXES)414,415,415 

414 V=V+ABSFlTAXES)/lYT»lE+3) 
TAXES=0.0 
REV=YT»V»lE3+P+ETA»EPSL0N*EM»8.76E+3 
0E=ADVAL+0M+PL+FCT 
FTAX=0.0 
STAX=0.0 

415 YT=YT*V*lE+3 
ELECRV=REV-YT 
IF ISENSE SWITCH 2) 7401,8401 

7401 PRINT 27,V,REV,ELECRV,YT,CAP I,OE,ADVAL,PROFIT,PL,STAX,FTAX,FCT 
IF INFCB) 409,410,409 

409 PRINT 29,IVE11K),VE2(K),K=1,NFCP) 
410 IF (SENSE SWITCH 1) 408,64 
408 PRINT 31,AN,CAPIP,01,Q2,C3,T1,T2,T3,T4 

GO TO 64 
402 YT=YT»V»1E3 
411 Tl=1./(IALPHAR-ALPHAJ)»P»ETA»EPSL0N»8.76E+3) 

T3=PR0FIT-ALPHAJ»B»EYEBAR»CAPIP-ALPHAJ»11.0/BETA»EYED+EYEC)/ENPRIM 
T4=YT»lALPHAJ-ALPHAR) 
IFtNFC)403,404,403 

403 FCT=C1+Q2+g3»V»1E3 
404 T2=CAPI/AN+(1.-ALPHAJ)«(ADVAL+OM+FCT+PL) 

EM=T1»(T3+T4+T2) 
REV=YT+P»ETA*EPSL0N»EM»8.76E+3 
ENS=REV-FCT-OM-ADVAL-DEP-PL 
STAX=AJS»ENS 
FTAX=AJF»(l.-AJS)»ENS 
TAXES=STAX+FTAX 
CE=ADVAL+OM+PL+FCT+TAXES 
IF(TAXES)413,412,412 

413 EM=EM+ABSFlTAXES)/lP«ETA»EPSL0N»8.76E+3) 
TAXES=0.0 
REV=YT+P»ETA»EPSL0N»EM*8.76E+3 
CE=ADVAL+OM+PL+FCT 
FTAX=0.C 
STAX=0.0 

412 ELECRV=REV-YT 
IF (SENSE SWITCH 2) 7404,8404 

7404 PRINT 17,EM,REV,ELECRV,YT,CAPI,0E,ADVAL,PR0FIT,PL,STAX,FTAX,FCT 
IF INFCR) 405,406,405 

405 PRINT 29,IVE11K),VE?IK),K=1,NFCB) 
406 IF (SENSE SWITCH 1) 407,64 
407 PRINT 31,AN,CAPIP,Q1,Q2,Q3,T1,T2,T3,T4 
64 SENSE LIGHT 0 

READ19,NPC 
IF (NPC) 65,50,65 

65 woD=MOC+1 
IF (SENSE SWITCH 2) 7065,8065 



7065 PRINT 28,MOD 
70 DO 69 K=1,NPC 

READ 19,J,(PA(J)) 
IF ISENSE SWITCH 2) 7070,8070 

7070 PRINT 21,LABELIJ),PAIJ) 
71 IF lJ-3) 66,66,69 
66 JPAIJ)=PAIJ) 
69 CONTINUE 

GO TO 100 
8051 WRITE OUTPUT TAPE 1,1 

IF (MCALC) 8052,8053,8052 
8052 WRITE OUTPUT TAPE 1,23,NFCB,NFCC 

GO TO 8054 
8053 WRITE OUTPUT TAPE 1,24,NFCB,NFCC 
8054 WRITE OUTPUT TAPE 1,3,8ETA,EYEL,EYE,EN,EYEC,ENC,EYED,END 

IF (MCALC) 8055,8056,8055 
8055 WRITE OUTPUT TAPE 1,4,EPSLON,P,ETA,V 

GO TO 8057 
8056 WRITE OUTPUT TAPE 1,25,EPSL0N,P,ETA,EM 
8057 WRITE OUTPUT TAPE 1,5,0M,0MEGA 

WRITE OUTPUT TAPE 1,6,CHI,PHI.DELTA,PSI 
WRITE OUTPUT TAPE 1,7,A1,PF 
WRITE OUTPUT TAPE 1,8,ALPHA,AJS,B,ENPRIM,EYEBAR,R,AJF 

8058 NFC=NFCB+NFCC 
8059 IF (NFC) 61,8060,61 
8060 WRITE OUTPUT TAPE 1,9,FCT 

GO TO 100 
8063 WRITE OUTPUT TAPE 1,10,(EL 1(K),EL2(K),EL3(K),K=1.LOOP) 

WRITE OUTPUT TAPE 1,11,(ELC(K),ELF(K),ELWD(K),K=1,LOOP) 
WRITE OUTPUT TAPE 1,12,(CUlK),F(Kl,RPU(K),K=1.LOOP) 
WRITE OUTPUT TAPE 1,13,(CWDlK),S1(K),S2(K),K=1,LOOP) 
WRITE OUTPUT TAPE 1,14 , ITCIK),TF(K),TRP(K),K=1,LOOP) 
WRITE OUTPUT TAPE 1,15.(TD(K).TS1(K),TS2(K ) ,K=1.LOOP) 
WRITE OUTPUT TAPE 1.16,IE1(K),E2(K).CDELTA(K).K=1.LOOP) 
WRITE OUTPUT TAPE 1,26,(CF(K1,EF(K),EW(K),K=1,LOOP) 
WRITE OUTPUT TAPE 1,32.(AIK),CP(K),ET(K),K = l,LOOP) 
WRITE OUTPUT TAPE 1,33,(U(K),K= 1.LOOP) 
GO TO 100 

8401 WRITE OUTPUT TAPE 1,27.V,REV.ELECRV.YT,CAP I,OE.ADVAL,PROFIT,PL, 
1 STAX,FTAX.FCT 
IF (NFCB) 8409.B410.8409 

8409 WRITE OUTPUT TAPE 1.29 , (VE 1 (K).VE2(K).K=1.NFCB> 
8410 IF (SENSE SWITCH 1) 8408,64 
8408 WRITE OUTPUT TAPE 1.31.AN.CAPIP.Ql .Q2 ,Q3,T 1 ,T2,T3,T4 

GO TO 64 
8404 WRITE OUTPUT TAPE 1,17,EM,REV,ELECRV,YT,CAPI.OE.ADVAL,PROFIT.PL, 

1 STAX,FTAX,FCT 
IF (NFCB) 8405,8406,8405 

8405 WRITE OUTPUT TAPE 1,29,(VE1(K).VE2IK),K=1,NFCB) 
8406 IF (SENSE SWITCH 1) 8407,64 
8407 WRITE OUTPUT TAPE 1,31.AN.CAPIP.Q 1.Q2.03,T 1 ,T2,T3,T4 

GO TO 64 
8065 WRITE OUTPUT TAPE 1.28.MOD 

GO TC 70 
8070 WRITE OUTPUT TAPE 1.2 1 .LABEL IJ) .PAlJ) 

GO TO 71 
END (0.1,0,1,1) 



FTAX 
EYED 
ETA 

ENPRU' 
ELWD 

ELAVDA 
F2 
CU 

CAPPA 
A 

AJS 
JPA 

L 
NFC 
PA 
PR 
•JS 
S2 

T2F 
TAU 
TRP 
V2 
VW 

EFN 
1 
6 
1 1 
16 
22 
27 
33 
52 
51+ 
57 
60 

7063 
200 
201* 
209 
31+1 
31+6 
351 
307 
312 
317 
322 
327 
332 
337 
1+01 
1+09 
1*02 
1+12 
406 

7065 
71 

8052 
8051+ 

DEC 
31712 
32556 
32550 
32533 
3?!+P0 
3^53 
3231+0 
321+70 
31851+ 
32290 
3253U 
32562 
31722 
31708 
32562 
31733 
31725 
321+20 
31773 
3171+3 
32390 
31813 
3181+3 

OCT 
7571+0 
77U5U 
77446 
771+25 
7731+0 
76155 
77124 
77326 
76156 
7701+2 
77426 
771+62 
75752 
75734 
77462 
75765 
75755 
77244 
76035 
75777 
77206 
76105 
76143 

EXTERNAL 

IFN 
6 
1 1 
16 
21 
26 
31 
36 
80 
89 
98 
1 11+ 
131+ 
203 
214 
231 
238 
21^6 
251* 
261 
268 
276 
281+ 
292 
300 
308 
316 
31+2 
353 
371+ 
386 
397 
410 
U17 
426 

LOC 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00274 
00350 
00413 
00527 
00666 
01314 
01345 
01653 
02023 
02045 
02104 
02131 
02153 
02200 
02225 
02252 
02277 
02320 
02421 
02751 
03023 
03272 
03353 
0 3425 
03510 
03544 
03620 

STORAGE FOR 

F 
EYEC 

FPSLON 
END 
EL 

EL3 
El 
CP 

CAPI 
AN 
AJ 
J 

•"•CALC 
NPC 
PF 
P 

REV 
STAX 

T2 
TAXES 

TS1 
VE1 
XI 

FOR^l'LA NU." 

EFN 
2 
7 
12 
17 
23 
28 
50 
52 
55 
57 
61 

7063 
217 
205 
211+ 
342 
347 
352 
308 
313 
318 
323 
328 
333 
338 
414 
409 
411 

7404 
407 

7065 
66 

8052 
8055 

VARIA! 

DEC 
32460 
32557 
32551 
32552 
31044 
32510 
32350 
32280 
31858 
31857 
31862 
31724 
32562 
31720 
32539 
32549 
31715 
31713 
31847 
31711 
32370 
31763 
31850 

^LES APPEARING IN COMVON 

OCT 
77314 
77455 
77447 
77450 
76144 
77376 
^7136 
77030 
76162 
76161 
76166 
75754 
77462 
75750 
"^7433 
77445 
75743 
75741 
76147 
75737 
77162 
76023 
76152 

FCT 
•^YFBAR 

ENU 
ENC 
ELF 
EL2 
DEP 
CHI 

CAPIP 
ALPHA 

AJF 
K 

MOD 
OE 

PHI 
PSI 
RPU 
TIF 
T2W 
TC 

TS2 
VE2 
YT 

'BERS WITH CORRESPONDING 

IFN 
7 
12 
17 
22 
27 
32 
43 
82 
91 
100 
1 16 
139 
209 
217 
232 
240 
247 
256 
262 
270 
278 
286 
294 
302 
309 
329 
347 
354 
376 
387 
399 
411 
419 
428 

LOC 
00000 
00000 
00000 
00000 
oooro 
00000 
00033 
00307 
00354 
00426 
00532 
00710 
01327 
01365 
01743 
02026 
02053 
02107 
02135 
02161 
02206 
02233 
02260 
02305 
02322 
02637 
02772 
03031 
03277 
03355 
03437 
03514 
03557 
03624 

EFN 
3 
8 
13 
19 
24 
29 
51 
53 
55 
58 
62 
100 
202 
207 
210 
343 
348 
304 
309 
314 
319 
324 
329 
334 
339 
415 
410 
403 

7404 
407 
70 
69 

8053 
8055 

DEC 
32531 
32536 
31851 
32553 
32490 
32520 
31716 
3251+4 
31859 
32538 
32535 
31723 
31719 
31710 
32542 
32541 
32450 
31783 
31793 
32410 
32360 
31753 
31856 

SENTENCES 

OCT 
77423 
77430 
76153 
771)51 
77352 
77410 
75744 
77440 
76163 
77432 
77427 
75753 
75747 
75736 
77436 
77435 
77302 
76047 
76061 
77232 
77150 
7601 1 
76160 

INTERNAL FOR̂ 'L'LA 

IFN 
8 
13 
18 
'2 
2? 
33 
44 
84 
93 
1 10 
117 
194 
210 
218 
233 
241 
249 
257 
264 
272 
280 
2P8 
296 
304 
310 
335 
348 
358 
378 
389 
400 
412 
421 
430 

LOG 
00000 
00000 
00000 
00000 
00000 
00000 
00034 
00312 
00371 
00506 
00534 
01175 
0 1333 
01432 
01745 
02033 
02056 
02120 
02140 
02165 
02212 
02237 
02264 
02311 
02324 
02705 
02774 
03106 
0332M 
03377 
03441 
03525 
03562 
03641 

EYE 
EW 

FNS 
EMU 

ELECRV 
ELI 

DELTA 
CF 
P 

ALPHAR 
ADVAL 
LAPEL 
NFCB 

O^EGA 
PL 
Ql 
R 

TI 
T3 
TD 
U 

VF 
2ETA 

NUi^BERS 

EFN 
4 
9 
14 
20 
25 
31 

7051 
53 
56 
59 
63 
101 
216 
212 
211 
344 
349 
305 
310 
315 
320 
325 
3 30 
335 
340 

7401 
408 
404 
405 
64 

7070 
8051 
8053 
8056 

DEC 
32558 
32300 
31714 
31852 
31709 
32530 
32543 
32320 
32537 
31360 
31718 
32212 
32561 
32545 
31855 
31727 
32532 
31848 
31846 
32380 
32260 
31833 
31849 

OCT 
77456 
77054 
75742 
76154 
75735 
77422 
77437 
77100 
77431 
76164 
75746 
76724 
77461 
77441 
76157 
75757 
77424 
76150 
76146 
77174 
77004 
76131 
76151 

EYEL 
ET 
EN 
FH 

ELC 
EF 

CWD 
CDELTA 

BETA 
ALPHAJ 

AI 
LOOP 
NFCC 
ov-PROFIT 
C2 
SI 

TIW 
T4 
TF 
VI 
V 

; AND OCTAL LOCATIONS 

IFN 
9 
14 
19 
24 
29 
34 
77 
86 
95 
1 11 
130 
200 
211 
219 
236 
243 
251 
258 
265 
273 
281 
289 
297 
306 
311 
338 
349 
359 
380 
390 
407 
414 
423 
432 

LOC 
00000 
00000 
00000 
00000 
00000 
00000 
00261 
00325 
00374 
00511 
00643 
01273 
01337 
01434 
01755 
02036 
02074 
02124 
02145 
02172 
02217 
022U4 
02271 
02314 
02326 
02720 
02776 
03116 
03330 
03401 
03473 
03531 
03575 
03644 

EFN 
5 
10 
15 
21 
26 
32 

7051 
54 
56 
60 
63 
102 
203 
208 
300 
345 
350 
306 
311 
316 
321 
326 
331 
336 
400 

7401 
408 
413 
405 
65 

7070 
8051 
8054 
8056 

DEC 
32555 
32270 
32554 
32547 
32500 
32310 
32440 
32330 
32559 
31861 
32540 
31721 
32560 
32546 
31717 
31726 
32430 
31803 
31845 
32400 
31823 
32548 

IFN 
10 
15 
20 
25 
30 
35 
78 
87 
97 
112 
132 
202 
213 
220 
237 
244 
253 
260 
267 
275 
283 
291 
299 
307 
312 
340 
351 
368 
385 
395 
409 
415 
424 
434 

OCT 
77453 
77016 
77452 
77443 
77364 
77066 
77270 
77112 
77457 
76165 
77434 
75751 
77460 
77442 
75745 
75756 
77256 
76073 
76145 
77220 
76117 
77444 

LOC 
00000 
00000 
00000 
00000 
00000 
00000 
00270 
00327 
00411 
00515 
00660 
01276 
01343 
01436 
02016 
02042 
02077 
02127 
02150 
02175 
02222 
02247 
02274 
02316 
02357 
02745 
03020 
03222 
03351 
03420 
03506 
03540 
03577 
03661 

U) 



8057 
8060 
8409 
3404 
8407 
8070 

EXP(3 
( lOHIO 

E)48 
D)403 
8)V 
8)P 
8 )K 
81E 
8)9 
8)4 
2) 

LOG 
(DBC) 

435 
451 
518 
529 
540 
550 

DEC 
2868 

DEC 
2 
5 

DEC 
1879 
26 

2485 
2565 
2595 
2667 
2714 
2805 
2410 

1 

03663 
03777 
04342 
04414 
04472 
04547 

OCT 
05464 

OCT 
00002 
00005 

OCT 
03527 
00032 
04665 
05005 
05043 
05153 
05232 
05365 
04552 

EXP 
[I0H)0 

8057 
8063 
8409 
8404 
8407 

437 
453 
523 
531 
542 

03676 
04002 
04363 
04441 
04514 

P058 447 03756 
8063 458 04024 
8410 524 04365 
8405 533 04445 
8065 544 04517 

STORAGE NOT USED BY PROGRAM 

DEC OCT 
31707 75733 

LOCATIONS OF NA^ES IN TRANSFER VECTOR 

LOG 
(LEV) 

DEC OCT 
00001 
00011 

ICSH) 
(RTN) 

DEC OCT 
00007 
00006 

E)47 
D) 1 16 
P)T 
'̂ JO 
8)J 
8)0 
P)S 
8)3 
3) 

EXP(3 
ICH)I 

DEC 
1876 
636 
2493 
2577 
2597 
2677 
2741 
2840 
2413 

OCT 
03524 
01174 
04675 
05021 
05045 
05165 
05265 
05430 
04555 

E)43 
C)G2 
8)S 
8)N 
8)H 
«)C 
«')7 
Pj2 
6) 

DEC 
1847 
2867 
2497 
25^9 
2638 
2686 
2753 
2842 
2437 

OCT 
03467 
05463 
04701 
05035 
05116 
05176 
05301 
05432 
04605 

8059 
"401 
8408 
8405 
8065 

448 
514 
525 
538 
546 

03761 
04311 
04367 
04466 
04531 

8060 
8401 
8408 
8406 
8070 

449 
516 
527 
539 
548 

03765 
04336 
0441 1 
04470 
04534 

STORAGE LOCATIONS FOR SYMBOLS NOT APPEARING IN 

(FID 
(SPH) 

OURCE 

D)439 
8) n 8)R 
B)*' 
8)G 
8)E 
8)6 
8) 1 
7) 

DEC 
3 
4 

OCT 
00003 
00004 

PROGRAM 

DEC 
1262 
2444 
2538 
2590 
2648 
2695 
2773 
2855 
2856 

OCT 
02356 
04614 
04752 
05036 
05130 
05207 
05325 
05447 
05450 

SUBROUTINES PUNCHED FROM LIBRARY 
(RTN) (LEV) (STH) (SPH) (CSH) 

(I OH)I 
(STH) 

D)41D 
8) 10 
8)C 
8)L 
8)F 
8)A 
8)5 
1) 

(FID 

DEC OCT 
8 00010 
0 00000 

DEC 
738 
2453 
2547 
2594 
2658 
2708 
2787 
2857 

OCT 
01342 
04625 
04763 
05042 
05142 
05224 
05343 
05451 

(BDC) 

UJ 



cr-
00000 
00001 
00002 
00003 
00004 
00005 
00005 
00007 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00070 
00071 

(STH) 
LOG 
EXP(3 
(FID 
(SPH) 
(lOH)O 
(RTN) 
(CSH) 
(IOH)I 
(LEV) 
37A 

37D1 
38A 
39A 

39A1 
39A2 
41A 
42 A 

D)403 
43A 
44A 

44A1 
44A2 
45A 
46A 

47A 

47D1 
48A 

49A 

49D1 
50A 

51A 

BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
ETM 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
LXD 
LXD 
CLA 
STO 
TXI 
TXL 
PSE 
CLA 
STO 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 

KSTH) 
ILOG 
1EXP(3 
K F I D 
KSPH) 
1(I0H)0 
KRTN) 
1 (CSH) 
KIOHII 
IILEV) 
• 
(LEV) 

(I OH) I 
1 
(CSH) 
8)K,0,81 
2)+1,l 

LABEL+1,1 

*+1, 1, 1 
39A,1,312 

» 
(RTN) 
C)G2,4 
2)+1,2 
3) 
PA+1,2 
•+1,2,1 
44A,2,350 
96 
2) 
MOD 
> 
(LEV) 

(lOH)I 
1 
(CSH) 
8)1,0,81 
• 
(RTN) 
« 
(LEV) 

(lOH)I 
1 
(CSH) 
8)M,0,81 

MCALC 
NFCB 
NFCC 

• 
(RTN) 

00072 
00073 
00074 
00075 
00076 
00077 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00110 
00111 
00112 
00113 
001 14 
00115 
00116 
00117 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00150 
00151 
00152 
00153 
00154 
00155 
00156 
00157 
00160 
00161 
00162 
00163 

52A 

52D1 
53A 

54A 

55A 

55D1 
56A 

57A 

58A 

58D1 
59A 

60A 

61A 

61D1 
62A 

63A 

CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
LTM 
CAL 

« 
(LEV) 

(I OH) I 
1 
(CSH) 
8)2.0,81 

BETA 
EYE 
EYEC 
EYED 
EYEL 
EN 
ENC 
END 

» 
(RTN) 
> 
(LEV) 

(I OH)I 
1 
(CSH) 
8)2,0,81 

EPSLON 
ETA 
P 
V 
EM 

« 
(RTN) 
• 
(LEV) 

(I0H)I 
1 
(CSH) 
8)2,0,81 

OM 

« 
(RTN) 
• 
(LEV) 

(lOH)I 
1 
(CSH) 
8)2.0,81 

OMEGA 

• 

00164 
00165 
00166 
00167 
00170 
00171 
00172 
00173 
00174 
00175 
00176 
00177 
00200 
00201 
00202 
00203 
00204 
00205 
00206 
00207 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 
00220 
00221 
00222 
00223 
00224 
00225 
00226 
00227 
00230 
00231 
00232 
00233 
00234 
00235 
00236 
00237 
00240 
00241 
00242 
00243 
00244 
00245 
00246 
00247 
00250 
00251 
00252 
00253 
00254 
00255 

64A 

64D1 
65A 

66A 

67A 

67D1 
68A 

69A 

70A 

7001 
71A 

72A 

73A 

73D1 
74A 

75A 

XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
LTM 
CAL 

(RTN) 
• 
(LEV) 

( I0H)I 
1 
(CSH) 
8)2,0,81 

CHI 
DELTA 
PHI 
PSI 

• 
(RTN) 
» 
(LEV) 

( I0H)I 
1 
(CSH) 
8)2,0,81 

AI 
PF 

» 
(RTN) 
» 
(LEV) 

(lOH)! 
1 
(CSH) 
8)2,0,81 

ALPHA 
B 
EYEPAR 
AJF 
AJS 
ENPRIM 
R 

» 
( RTN ) 
» 
(LEV) 

(lOH)I 
1 
(CSH) 
8)2,0,81 

FCT 

» 

• 



00256 
00257 
00260 
00261 
00262 
00263 
00264 
00265 
00266 
00267 
00270 
00271 
00272 
00273 
00274 
00275 
00276 
00277 
00300 
00301 
00302 
00303 
00304 
00305 
00306 
00307 
00310 
00311 
00312 
00313 
00314 
00315 
00316 
00317 
00320 
00321 
00322 
00323 
00324 
00325 
00326 
00327 
00330 
00331 
00332 
00333 
00334 
00335 
00336 
00337 
00340 
00341 
00342 
00343 
00344 
00345 
00346 
00347 

76A 

77A 

77D1 
78A 

79A 
79A1 
80A 

eoDi 
81A 

82A 

83A 
84A 

84D1 
85A 

86A 

87A 

87D1 
88A 

XIT 
PSE 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
CAL 
XIT 
CLA 
TZE 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 

(RTN) 
1 14 
414A 
ff-
(LEV) 

( IOH)0 
1 
(SPH) 
8)1 
« 
(FID 
MCALC 
84A 
» 
(LEV) 

(IOH)0 
1 
(SPH) 
8)N 

NFCC 
NFCC 

« 
(FID 
a7A 
» 
(LEV) 

(ICH)0 
1 
(SPH) 
8)0 

NFCB 
NFCC 

• 
(FID 
» 
(LEV) 

(I0H)0 
1 
(SPH) 
8)3 

BETA 
EYEL 
EYE 
EN 
EYEC 
ENC 
EYED 
END 

00350 
00351 
00352 
00353 
00354 
00355 
00356 
00357 
00360 
00361 
00362 
00363 
00364 
00365 
00366 
0C367 
00370 
00371 
00372 
00373 
00374 
00375 
00376 
00377 
00400 
00401 
00402 
00403 
C0404 
00405 
00406 
00407 
00410 
00411 
00412 
00413 
00411+ 
00415 
00416 
00417 
00420 
00421 
00422 
00423 
00424 
00425 
00426 
00427 
00430 
00431 
00432 
00433 
00434 
00435 
00436 
00437 
00440 
00441 

89A 

90A 
90A1 
91A 

91D1 
92A 

93A 

94A 
95A 

95D1 
96A 

97A 

98A 

98D1 
99A 

100A 

101A 

101D1 
102A 

CAL 
XIT 
CLA 
TZE 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 

• 
(FID 
MCALC 
95A 
» 
(LEV) 

(I OHIO 
1 
(SPH) 
8)4 

EPSLON 
P 
ETA 
V 

• 
(FID 
98A 
«-
(LEV) 

(I OHIO 
1 
(SPH) 
8)P 

EPSLON 
P 
ETA 
EM 

« 
(FIL) 
» 
(LEV) 

(I OHIO 
1 
(SPH) 
8)5 

OM 
OMEGA 

* 
(FIL) 
» 
(LEV) 

(lOH)O 
1 
(SPH) 
8)6 

CHI 
PHI 

00442 
00443 
00444 
00445 
00446 
00447 
00450 
00451 
00452 
00453 
00454 
00455 
00456 
00457 
00460 
00461 
00462 
00463 
00464 
00465 
00466 
00467 
00470 
00471 
00472 
00473 
00474 
00475 
00476 
00477 
00500 
00501 
00502 
00503 
00504 
00505 
00506 
00507 
00510 
0051 1 
00512 
00513 
00514 
00515 
00516 
00517 
00520 
00521 
00522 
00523 
00524 
00525 
00526 
00527 
00530 
00531 
00532 
00533 

103A 

104A 

104D1 
105A 

106A 

107A 

107D1 
108A 

109A 

noA 

111A 
1 1 lAl 

112A 

11201 
113A 

114A 

115A 
1 16A 

NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CLA 
ADD 
STO 
CLA 
TZE 
TPL 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
LTM 
CAL 
XIT 
TRA 
CLA 
STO 

DELTA 
PSI 

» 
(FIL) 
• 
(LEV) 

(I0H)0 
1 
(SPH) 
8)7 

AI 
PF 

• 
(FID 
« 
(LEV) 

(I0H)0 
1 
(SPH) 
8)8 

ALPHA 
AJS 
B 
ENPRIM 
EYEBAR 
R 
AJF 

» 
(FIL) 
NFCB 
NFCC 
NFC 
NFC 
1 12A 
1 16A 
1 16A 
» 
(LEV) 

(I0H)0 
1 
(SPH) 
8)9 

FCT 

«-
(FIL) 
0)116 
NFC 
LOOP 

U) 



00534 
00535 
00536 
00537 
00540 
00541 
00542 
00543 
00544 
00545 
00546 
00547 
00550 
00551 
00552 
00553 
00554 
00555 
00556 
00557 
00560 
00561 
00562 
00563 
00564 
00565 
00566 
00567 
00570 
00571 
00572 
00573 
00574 
00575 
00576 
00577 
00600 
00601 
00602 
00603 
00604 
00605 
00606 
00607 
00610 
00611 
00612 
00613 
00614 
00615 
00616 
00617 
00620 
00621 
00622 
00623 
00624 
00625 

1 17A 

118A 

11801 
119A 

120A 

121A 

121D1 
122A 

123A 

124A 

124D1 
125A 

126A 

127A 

LXD 
CLA 
STD 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 

2)+l,2 
LOOP 
132A2 
• 
(LEV) 

(lOH)I 
1 
(CSH) 
8)2,0,81 

ELI+1,2 
EL2+1,2 
EL3+1,2 
ELC+1,2 
ELF+1,2 
ELWD+1,2 

» 
(RTN) 
* 
(LEV) 

(lOH)I 
1 
(CSH) 
8)2,0,81 

CU+1,2 
F + 1,2 
RPU+1,2 
CWD+1,2 
Sl+1,2 
S2+l,2 

• 
(RTN) 
» 
(LEV) 

{I0H)I 
1 
(CSH) 
8)2,0,81 

TC+1,2 
TF+1.2 
TRP+1,2 
TD+1,2 
TSl+1,2 
TS2+1,2 

» 
(RTN) 
» 
(LEV) 

(lOH)I 

00626 
00627 
00630 
00631 
00632 
00633 
00634 
00635 
00636 
00637 
00640 
00641 
00642 
00643 
00644 
00645 
00646 
00647 
00650 
00651 
00652 
00653 
00654 
00655 
00656 
00657 
00660 
00661 
00662 
00663 
00664 
00665 
00666 
00667 
00670 
00671 
00672 
00673 
00674 
00675 
00676 
00677 
00700 
00701 
00702 
00703 
00704 
00705 
00706 
00707 
00710 
00711 
00712 
00713 
00714 
00715 
00716 
00717 

12701 
128A 

129A 

130A 

130D1 
131A 

132A 

132A1 
132A2 
133A 

134A 

134D1 
135A 

136A 

136A1 
136A2 
138A 
139A 

140A 

SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
TXI 
TXL 
PSE 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 

(CSH) 
8)2,0,81 

E1+1,2 
E2+l,2 
CDELTA+l,2 
CF+1,2 
EF+1,2 
EW+1,2 

(RTN) 

(LEV) 

(I OH) I 
1 
(CSH) 
8)2,0,81 

A+1,2 
CP+1.2 
ET+1,2 
U+1,2 

(RTN) 
•+1,2,1 
USA,2 
114 
453A 

(LEV) 

(lOH)O 
1 
(SPH) 
8)A 
2)+1,2 
LOOP 
136A2 

ELl+1,2 
EL2+1,2 
EL3+1,2 

•+1,2,1 
136A,2 

(FID 

(LEV) 

(lOH)O 
1 
(SPH) 

00720 
00721 
00722 
00723 
00724 
00725 
00726 
00727 
00730 
00731 
00732 
00733 
00734 
00735 
00736 
00737 
00740 
00741 
00742 
00743 
00744 
00745 
00746 
00747 
00750 
00751 
00752 
00753 
00754 
00755 
00756 
00757 
00760 
00761 
00762 
00763 
00764 
00765 
00766 
00767 
00770 
00771 
00772 
00773 
00774 
00775 
00776 
00777 
01000 
01001 
01002 
01003 
01004 
01005 
01006 
01007 
01010 
01011 

14001 
141A 

142A 

142A1 
142A2 
144A 
145A 

146A 

146D1 
147A 

148A 

148A1 
148A2 
150A 
151A 

152A 

152D1 
153A 

154A 

154A1 
154A2 
156A 
157A 

158A 

NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 

8)B 
2)+l,2 
LOOP 
142A2 

ELC+1,2 
ELF+1,2 
ELWr+1,2 

»+1,2,l 
142A,2 

• 
(FIL) 
» 
(LEV) 

( IOH)0 
1 
(SPH) 
8)C 
2)+1,2 
LOOP 
148A2 

CU+1,2 
F + 1,2 
RPU+1,2 

•+1,2,1 
148A,2 

« 
(FID 
^ 
(LEV) 

( IOH)0 
1 
(SPH) 
8)D 
2)+1,2 
LOOP 
154A2 

CWD+1,2 
Sl+1.2 
S2+1,2 

•+1,2,1 
154A,2 

» 
(FID 
• 
(LEV) 

(lOH)O 

OJ 
00 



01012 
01013 
01014 
01015 
01016 
01017 
01020 
01021 
01022 
01023 
01024 
01025 
01026 
01027 
01030 
01031 
01032 
01033 
01034 
01035 
01036 
01037 
01040 
01041 
01042 
01043 
01044 
01045 
01046 
01047 
01050 
01051 
01052 
01053 
01054 
01055 
01056 
01057 
01060 
01061 
01062 
01063 
01064 
01065 
01066 
01067 
01070 
01071 
01072 
01073 
01074 
01075 
01076 
01077 
01100 
01101 
01102 
01103 

158D1 
159A 

160A 

160A1 
160A2 
162A 
163A 

I64A 

164D1 
165A 

166A 

166A1 
166A2 
168A 
169A 

170A 

170D1 
171A 

172A 

172A1 
172A2 
174A 
175A 

176A 

SLW 
CAL 
NTR 
LXD 
CLA 
STO 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 

1 
(SPH) 
8)E 
2)+1,2 
LOOP 
160A2 

TC+1,2 
TF+1,2 
TRP+1,2 

•+1,2,1 
160A,2 

» 
(FID 
• 
(LEV) 

(I OHIO 
1 
(SPH) 
8)F 
2)+l,2 
LOOP 
166A2 

TD+1,2 
TSl+1,2 
TS2+1,2 

•+1,2,1 
166A,2 

• 
(FID 
» 
(LEV) 

(IOH)0 
1 
(SPH) 
8)G 
2)+1,2 
LOOP 
172A2 

E1+l,2 
E2+1,2 
CDELTA+1,2 

•+1,2,1 
172A,2 

# 
(FID 
» 
(LEV) 

01104 
01105 
01106 
01107 
OHIO 
01111 
01112 
01113 
01114 
01115 
01116 
01117 
01120 
01121 
01122 
01123 
01124 
01125 
01126 
01127 
01130 
01131 
01132 
01133 
01134 
01135 
01136 
01137 
01140 
01141 
01142 
01143 
01144 
01145 
01146 
01147 
01150 
01151 
01152 
01153 
01154 
01155 
01156 
01157 
01160 
01161 
01162 
01163 
01164 
01 165 
01166 
01167 
01170 
01171 
01172 
01173 
01174 
01175 

17601 
177A 

178A 

178A1 
178A2 
180A 
181A 

182A 

182D1 
183A 

184A 

184A1 
184A2 
186A 
187A 

188A 

188D1 
189A 

190A 

190A1 
190A2 
192A 
193A 

D) 116 
194A 

ETM 
CAL (lOH)O 
SLW 1 
CAL (SPH) 
NTR 8)G 
LXD 2)+l,2 
CLA LOOP 
STD 178A2 
ETM 
NTR CF+1,2 
NTR EF+1,2 
NTR EW+1,2 
LTM 
TXI •+1,2,1 
TXL 178A,2 
LTM 
CAL • 
XIT (FID 
CAL • 
XIT (LEV) 
ETM 
CAL (lOH)O 
SLW 1 
CAL (SPH) 
NTR 8) 10 
LXD 2)+1,2 
CLA LOOP 
STD 184A2 
ETM 
NTR A+1,2 
NTR CP+1,2 
NTR ET+1,2 
LTM 
TXI •+1,2,1 
TXL 184A,2 
LTM 
CAL • 
XIT (FID 
CAL • 
XIT (LEV) 
ETM 
CAL (lOH)O 
SLW 1 
CAL (SPH) 
NTR 8)11 
LXD 2)+l,2 
CLA LOOP 
STD 190A2 
ETM 
NTR U+1,2 
LTM 
TXI •+1,2,1 
TXL 190A,2 
LTM 
CAL » 
XIT (FIL) 
LXD C)G2,1 
LDQ AJF 

01176 
01177 
01200 
01201 
01202 
01203 195A 
01204 
01205 
01206 
01207 
01210 
01211 196A 
01212 
01213 
01214 
01215 
01216 197A 
01217 
01220 
01221 

01222 
01223 
01224 
01225 
01226 
01227 
01230 
01231 
01232 
01233 
01234 
01235 

01236 
01237 
01240 
01241 
01242 
01243 
01244 
01245 
01246 
01247 
01250 
01251 198A 
01252 
01253 
01254 
01255 

01256 
01257 
01260 
01261 
01262 
01263 
01264 

FMP 
CHS 
FAD 
FAD 
STO 
CLA 
FSP 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
CHS 
FAD 
STO 
CLA 
FAD 
STO 
LDQ 
ESS 
TSX 
NTR 
PZE 
STO 
CLA 
FAD 
STO 
LDQ 
FMP 
STO 
CLA 
LDQ 
BSS 
TSX 
NTR 
PZE 
STO 
LDQ 
FMP 
FOP 
STC 
CLA 
FAD 
STO 
CLS 
STO 
CLA 
FAD 
LDQ 
ESS 
TSX 
NTR 
PZE 
STO 
LDQ 
FMP 
CHS 

AJS 

AJS 
AJF 
AJ 
3)+1 
ALPHA 
1 ) + 1 
1)+1 
AJ 
ALPHAJ 
ALPHA 
R 

3) + l 
ALPHAR 
3) + 1 
EYE 
1) + 1 
FNC 

EXP(3,4 
•+2,0,100 
0,0, 197 
1)+2 
EYEC 
EYEL 
1) + 3 
1)+3 
1)+2 
1 ) + 4 
1) + 1 
END 

EXP(3,4 
•+2,0,100 
0,0,197 
1) + 5 
EYE^ 
l)+5 
BETA 
l) + 6 
1 )+6 
1 )+4 
CAPIP 
EN 
1) + 1 
3) + 1 
EYE 
1) + 1 

EXP(3,4 
•+2,0,100 
0,0,198 
l)+2 
EYEL 
1 )+2 

w 



o 
01265 
01266 
01267 
01270 
01271 
01272 
01273 
01274 
01275 
01276 
01277 
01300 

01301 
01302 
01303 
01304 
01305 
01306 
01307 
01310 
01311 
01312 
01313 
01314 
01315 
01316 
01317 
01320 
01321 
01322 
01323 
01324 
01325 
01326 
01327 
01330 
01331 
01332 
01333 
01334 
01335 
01336 
01337 
01340 
01341 
01342 
01343 
01344 
01345 
01346 
01347 
01350 
01351 
01352 
01353 
01354 
01355 

199A 
199A1 

200A 

201A 
202A 

203A 

204A 

205A 

206A 

207A 
208A 

209A 

209A1 
209A2 
210A 
210A1 

211A 

212A 
D)410 
213A 

214A 

215A 

FAD 
STO 
CLA 
TZE 
TPL 
TRA 
CLA 
STO 
TRA 
CLA 
FAD 
LDQ 
BSS 
TSX 
NTR 
PZE 
STO 
CLA 
FDP 
STQ 
CLA 
FSB 
FDP 
STQ 
CLA 
STO 
CLA 
STO 
CLA 
STO 
CLA 
STO 
LXD 
CLA 
STO 
CLA 
STO 
TXI 
TXL 
CLA 
TZE 
TPL 
TRA 
CLA 
STO 
TRA 
LXD 
CLA 
STO 
LXD 
CLA 
STD 
LDQ 
FMP 
STO 
LDQ 
FMP 
FDP 

CAPIP 
CAPI 
EYE 
200A 
202A 
202A 
EN 
AN 
203A 
3)+1 
EYE 
EN 

EXP(3,4 
•+2,0,102 
0,0,202 
n + 1 
3) + l 
n + i 
1)+2 
3) + l 
l)+2 
EYE 
AN 
3) 
YT 
3) 
Ql 
3) 
Q2 
3) 
Q3 
2)+l,2 
3) 
VEI+1,2 
3) 
VE2+1,2 
•+1,2,1 
208A,2,10 
NFC 
211A 
D)41D 
0)410 
3) 
PL 
D)439 
C)G2,4 
NFC 
LOOP 
2)+l,2 
LOOP 
217A2 
EPSLON 
P 
1) + 1 
3)+2 
ET+1,2 
1) + 1 

01356 
01357 
01360 
01361 
01362 
01363 
01364 
01365 
01366 
01367 
01370 
01371 
01372 
01373 
01374 
01375 
01376 
01377 
01400 
01401 
01402 
01403 
01404 
01405 
01406 
01407 
01410 
01411 
01412 
01413 
01414 
01415 
01416 
01417 
01420 
01421 
01422 
01423 
01424 
01425 
01426 
01427 
01430 
01431 
01432 
01433 
01434 
01435 
01436 
01437 
01440 
01441 
01442 
01443 
01444 
01445 
01446 
01447 

216A 

217A 

217A1 
217A2 
218A 
218A1 
219A 

220A 

221A 

STQ 
CLA 
FDP 
STQ 
CLA 
FAD 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
CLA 
FAD 
STO 
LDQ 
FMP 
STO 
CLA 
FAD 
FAD 
STO 
LDQ 
FMP 
FAD 
FAD 
FAD 
FAD 
FAD 
STO 
LDQ 
FMP 
FAD 
FDP 
STQ 
CLA 
FAD 
STO 
TXI 
TXL 
CLA 
TZE 
CLA 
STO 
LXD 
CLA 
STD 
CLA 
FSB 
STO 
CLA 
FDP 
STQ 
CLA 

TAU+1,2 
A+1,2 
TAU+1,2 
11 + 1 
YT 
1) + 1 
YT 
3)+3 
A+1,2 
7) 
7) 
CP+1,2 
1) + 1 
CWD+1,2 
ELWD+1,2 
l)+2 
3) + l 
ELF+1,2 
l)+3 
F+1,2 
n+3 
l)+4 
3) + l 
ELC+1,2 
ELF+1,2 
l)+5 
CU+1,2 
11+5 
11+4 
RPU+1,2 
Sl+1,2 
S2+l,2 
l)+2 
l)+6 
l) + 6 
ELI+1,2 
1) + 1 
TAU+1,2 
l)+7 
Ql 
1)+7 
Ql 
•+1,2,1 
215A,2 
NFCB 
232A 
NFCB 
LOOP 
2)+l,2 
LOOP 
231A2 
3) + l 
EW+1,2 
1) + 1 
EW+1,2 
1) + 1 
l)+2 
l)+2 

01450 
01451 
01452 
01453 
01454 
01455 
01456 
01457 
01460 
01U61 
01462 
01463 
01464 
01465 222A 
01466 
01467 
01470 
01471 
01472 
01473 
01474 
01475 
01476 
01477 
01500 
01501 
01502 
01503 
01504 
01505 
01506 
01507 
01510 
01511 223A 
01512 
01513 
01514 
01515 
01516 
01517 
01520 
01521 
01522 
01523 
01524 
01525 
01526 
01527 
0 530 
01531 
01532 
01533 
01534 
01535 224A 
01536 
01537 
01540 
01541 

SXO 
TSX 
NTR 
PZE 
LXD 
STO 
LDQ 
FMP 
FSB 
STO 
LDQ 
FMP 
STO 
CLA 
FSB 
STO 
CLA 
FDP 
STQ 
CLA 
SXO 
TSX 
NTR 
PZE 
LXD 
STO 
LOO 
FMP 
FSP 
STO 
LDQ 
FMP 
STO 
CLA 
FSB 
STO 
CLA 
FDP 
STQ 
CLA 
SXD 
TSX 
NTR 
PZE 
LXD 
STO 
LDQ 
FMP 
FSB 
STO 
LDQ 
FMP 
STO 
CLA 
FSR 
STO 
CLA 
FDP 

6)+4,4 
LOG,4 
•+2,0,208 
0,0,221 
6)+4,4 
11+3 
3)+ 4 
EW+1,2 
3) + l 
l)+4 
l)+4 
1) + 3 
VW+1,2 
3) + l 
EF+1,2 
1)+1 
EF+1,2 
1) + 1 
l)+2 
1)+2 
6)+4,4 
LOG,4 
•+2,0,208 
0,0,222 
6)+4,4 
l) + 3 
3) + 4 
EF+1,2 
3) + l 
l)+4 
n+4 
11 + 3 
VF+1,2 
3) + l 
El+1,2 
1) + 1 
El+1,2 
n+1 
1 )+2 
l)+2 
6)+4,4 
LOG, 4 
•+2,0,208 
0,0,223 
61+4,4 
n+3 
31+4 
El+1,2 
3) + l 
n+4 
n+4 
n+3 
Vl+1,2 
3) + l 
E2+l,2 
n + 1 
E2+l,2 
n+1 

• • 



01542 
01543 
01544 
01545 
01546 
01547 
01550 
01551 
01552 
01553 
01554 
01555 
01556 
01557 
01560 
01561 
01562 
01563 
01564 
01565 
01566 
01567 
01570 
01571 
01572 
01573 
01574 
C1575 
01576 
01577 
01600 
01601 
01602 
01603 
01604 
01605 
01606 
01607 
01610 
01611 
01612 
01613 
01614 
01615 
01616 
01617 
01620 
01621 
01622 
01623 
0 1624 
01625 
01626 
01627 
01630 
01631 
01632 
01633 

225A 

226A 

227A 

22SA 

229A 

STQ 
CLA 
SXD 
TSX 
NTR 
PZE 
LXD 
STO 
LDQ 
FMP 
FSB 
STO 
LDQ 
FMP 
STO 
CLA 
FSB 
STO 
CLA 
FSB 
FDP 
STQ 
CLA 
FSB 
STO 
CLA 
FSB 
FDP 
STQ 
CLA 
FSB 
STO 
CLA 
FSB 
FDP 
STQ 
CLA 
FSB 
STO 
CLA 
FSB 
FDP 
STQ 
LDQ 
FMP 
STO 
LDQ 
FMP 
FAD 
FSB 
STO 
LDQ 
F"P 
STO 
LDQ 
FMP 
FAD 
STO 

l ) + 2 
1)+2 
6 ) + 4 , 4 
LOG,4 
• + 2 , 0 , 2 0 8 
0 , 0 , 2 2 4 
6 ) + 4 , 4 
n + 3 
3)+4 
E2+1,2 
3) + 1 
n + 4 
n + 4 
n + 3 
V 2 + l , 2 
EF+1,2 
EW+1,2 
1) + 1 
E l + 1 , 2 
EW+1,2 
n + i 
TIW+1,2 
EF+1,2 
EW+1,2 
n + 1 
E2+1,2 
EW+1,2 
n + 1 
T2W+1,2 
EF+1,2 
EW+1,2 
1) + 1 
E l + 1 , 2 
EF+1,2 
1) + 1 
T IF+1 ,2 
EF+1,2 
EW+1,2 
n + 1 
E 2 + l , 2 
EF+1,2 
n + i 
T2F+1,2 
TIW+1,2 
VF+1,2 
n + i 
TIF+1,2 
VW+1,2 
Vl+1,2 
\) + \ 
CDELTA+1,2 
n + 2 
1)+3 
CF+1,2 
TIW+1,2 
n + 3 
VEI+1 ,2 

01634 
01635 
01636 
01637 
01640 
01641 
01642 
01643 
01644 
01645 
01646 
01647 
01650 
01651 
01652 
01653 
01654 
01655 
01656 
01657 
01660 
01661 
01662 
01663 
01664 
01665 
01666 
01667 
01670 
01671 
01672 
01673 
01674 
01675 
01676 
01677 
01700 
01701 
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EPSLON 
7) 
7) 
EM 
1) + 1 
3)+3 
YT 
7) 
7) 
V 
P 
n + i 
REV 
ADVAL 
OM 
PL 
FCT 
OE 
3) 
FTAX 
3) 
STAX 
31 + 3 
YT 
7) 
7) 
V 
YT 
REV 
YT 
ELECRV 
114 
514A 
• 
(LEV) 

(lOH)O 
1 
(SPH) 
8)R 

V 
REV 
ELECRV 
YT 
CAPI 
OE 
ADVAL 
PROFIT 

02740 
02741 
02742 
02743 
02744 
02745 
02746 
02747 
02750 
02751 
02752 
02753 
02754 
02755 
02756 
02757 
02760 
02761 
02762 
02763 
02764 
02765 
02766 
02767 
02770 
02771 
02772 
02773 
02774 
02775 
02776 
02777 
03000 
03001 
03002 
03003 
03004 
03005 
03006 
03007 
03010 
03011 
03012 
03013 
03014 
03015 
03016 
03017 
03020 
03021 
03022 
03023 
03024 
03025 
03026 
03027 
03030 
03031 

340A 

341A 
341A1 
342A 

342D1 
343A 

344A 

344A1 
344A2 
346A 
347A 

348A 

349A 

349D1 
350A 

351A 

352A 
353A 

354A 

NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CLA 
TZE 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
PSE 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
TRA 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
CLA 

PL 
STAX 
FTAX 
FCT 

• 
(FID 
NFC 
348A 
» 
(LEV) 

(lOH)O 
1 
(SPH) 
S)T 
21+1,2 
NFCR 
344A2 

VEI+1,2 
VE2+1,2 

•+1,2,1 
344a,2 
» 
(FID 
113 
390A 
• 
(LEVI 

(lOH)O 
1 
(SPH) 
8)V 

AN 
CAPIP 
01 
Q2 
Q3 
TI 
T2 
T3 
T4 

• 
(FID 
390A 
3)+3 
YT 
7) 
7) 
V 
YT 
ALPHAR 

><̂  
»̂  



03032 
03033 
03034 
03035 
03036 
03037 
03040 
03041 
03042 
03043 
03044 
03045 
03046 
03047 
03050 
03051 
03052 
03053 355A 
03054 
03055 
03056 
03057 
03060 
03061 
03062 
03063 
03064 
03065 
03066 
03067 
03070 
03071 
03072 
03073 
03074 
03075 
03076 356A 
03077 
03100 
03101 
03102 
03103 
03104 357A 
03105 357A1 
03106 358A 
03107 
031 10 
031 11 
03112 
03113 
03114 
03115 
03116 359A 
03117 
03120 
03121 
03122 
03123 

FSB 
STO 
LOQ 
FMP 
STO 
LOQ 
FMP 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
CLA 
FDP 
STQ 
CLA 
FOP 
FMP 
FAD 
FDP 
FMP 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
CHS 
FAD 
FSB 
STO 
CLA 
FSB 
STO 
LDQ 
FMP 
STO 
CLA 
TZE 
LDQ 
FMP 
STO 
LDQ 
FMP 
FAD 
FAD 
STO 
CLA 
FAD 
FAD 
FAD 
STO 
CLA 

ALPHAJ 
n + i 
3)+23 
n + 1 
7) 
7) 
p 
7) 
7) 
ETA 
71 
7) 
EPSLON 
n+2 
3) + 1 
l)+2 
TI 
31 + 1 
BETA 
EYED 
EYEC 
ENPRIM 
ALPHAJ 
n + 1 
CAPIP 
ALPHAJ 
7) 
7) 
B 
7) 
7) 
EYEBAR 

PROFIT 
1)+1 
T3 
ALPHAJ 
ALPHAR 
n + i 
YT 
1) + 1 
T4 
NFC 
359A 
3)+3 
Q3 
7) 
7) 
V 
C2 
Ql 
FCT 
ADVAL 
OM 
FCT 
PL 
n + i 
3) + l 

03124 
03125 
03126 
03127 
03130 
03131 
03132 
03133 
03134 
03135 
03136 
03137 
03140 
03141 
03142 
03143 
03144 
03145 
03146 
03147 
03150 
03151 
03152 
03153 
03154 
03155 
03156 
03157 
03160 
03161 
03162 
03163 
03164 
03165 
03166 
03167 
03170 
03171 
03172 
03173 
03174 
03175 
03176 
03177 
03200 
03201 
03202 
03203 
03204 
03205 
03206 
03207 
03210 
03211 
03212 
03213 
03214 
03215 

360A 

361A 

362A 

363A 

364A 

365A 

366A 

FSB 
STO 
LDQ 
FMP 
STO 
CLA 
FDP 
STQ 
CLA 
FAD 
STO 
CLA 
FAD 
FAD 
STO 
LDQ 
FMP 
STO 
LOQ 
FMp 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
FAD 
STO 
CLA 
FSB 
FSB 
FSB 
FSB 
FSB 
STO 
LDC 
FMP 
STO 
CLA 
FSB 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
CLA 
FAD 
STO 
CLA 
FAD 
FAD 
FAD 
FAD 

ALPHAJ 
1)+2 
n+2 
n+1 
n+3 
CAPI 
AN 
l)+4 
n+4 
n+3 
T2 
T3 
T4 
T2 
n + 1 
TI 
n + 1 
EM 
3)+23 
P 
7) 
7) 
ETA 
7) 
7) 
EPSLON 
7) 
7) 
EM 
YT 
REV 
REV 
FCT 
OM 
ADVAL 
DEP 
PL 
ENS 
AJS 
ENS 
STAX 
3) + l 
AJS 
1) + 1 
ENS 
AJF 
7) 
7) 
n + i 
FTAX 
STAX 
FTAX 
TAXES 
ADVAL 
OM 
PL 
FCT 
TAXES 

03216 
03217 
03220 
03221 
03222 
03223 
03224 
03225 
03226 
03227 
03230 
03231 
03232 
03233 
03234 
03235 
03236 
03237 
03240 
03241 
03242 
03243 
03244 
03245 
03246 
03247 
03250 
03251 
03252 
03253 
03254 
03255 
03256 
03257 
03260 
03261 
03262 
03263 
03264 
03265 
03266 
03267 
03270 
03271 
03272 
03273 
03274 
03275 
03276 
03277 
03300 
03301 
03302 
03303 
03304 
03305 
03306 
03307 

367A 
367A1 

368A 

369A 

370A 

371A 

372A 

373A 

374A 

375A 

376A 

376D1 
377A 

STO 
CLA 
TZE 
TPL 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
CLA 
SSP 
FOP 
STQ 
CLA 
FAD 
STO 
CLA 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
STO 
LDQ 
FMP 
FAD 
STO 
CLA 
FAD 
FAD 
FAD 
STO 
CLA 
STO 
CLA 
STO 
CLA 
FSP 
STO 
PSE 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 

OE 
TAXES 
374A 
374A 
3)+23 
P 
7) 
7) 
ETA 
7) 
7) 
EPSLON 
n + 1 
TAXES 

n+1 
1 )+2 
EM 
1)+2 
EW 
3) 
TAXES 
3)+23 
P 
7) 
7) 
ETA 
7) 
7) 
EPSLON 
7) 
7) 
EM 
YT 
REV 
ADVAL 
OM 
PL 
FCT 
OE 
3) 
FTAX 
3) 
STAX 
REV 
YT 
ELECRV 
1 14 
529A 

(LEV) 

( IOH)0 
1 
(SPH) 
8)H 

IJ1 



03310 
03311 
03312 
03313 
03314 
03315 
03316 
03317 
03320 
03321 
03322 
03323 
03324 
03325 
03326 
03327 
03330 
03331 
03332 
03333 
03334 
03335 
03336 
03337 
03340 
03341 
03342 
03343 
03344 
03345 
03346 
03347 
03350 
03351 
03352 
03353 
03354 
03355 
03356 
03357 
03360 
03361 
03362 
03363 
03364 
03365 
03366 
03367 
03370 
03371 
03372 
03373 
03374 
03375 
03376 
03377 
03400 
03401 

378A 

379A 
379A1 
380A 

380D1 
381A 

382A 

382A1 
382A2 
384A 
385A 

386A 

387A 

38701 
388A 

389A 

390A 

NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CLA 
TZE 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
PSE 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
PSE 

REV 
ELECRV 
YT 
CAPI 
OE 
ADVAL 
PROFIT 
PL 
STAX 
FTAX 
FCT 

(FID 
NFCB 
386A 

(LEV) 

(lOH)O 
1 
(SPH) 
8)T 
2)+l,2 
NFCB 
382A2 

VEI+1,2 
VE2+1,2 

•+1,2,1 
382A,2 

(FID 
113 
390A 

(LEV) 

(I OHIO 
1 
(SPH) 
8)V 

AN 
CAPIP 
Ql 
Q2 
Q3 
TI 
T2 
T3 
T4 

(FID 
96 

03402 
03403 
03404 
03405 
03406 
03407 
03410 
03411 
03412 
03413 
03414 
03415 
03416 
03417 
03420 
03421 
03422 
03423 
03424 
03425 
03426 
03427 
03430 
03431 
03432 
03433 
03434 
03435 
03436 
0-3437 
03440 
03441 
03442 
03443 
03444 
03445 
03446 
03447 
03450 
03451 
03452 
03453 
03454 
03455 
03456 
03457 
03460 
03461 
03462 
03463 
03464 
03465 
03466 
03467 
03470 
03471 
03472 
03473 

391A 

39101 
392A 

393A 

394A 
394A1 
395A 

396A 

397A 

3970 1 
398A 

399A 

400A 

401A 

401D1 
402A 

404A 

405A 

406A 

E)43 
406A1 

407A 

CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
LTM 
CAL 
XIT 
CLA 
TZE 
CLA 
ADD 
STO 
PSE 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
LTM 
CAL 
XIT 
LXD 
CLA 
STD 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
LTM 
LXD 
ETM 
NTR 
LTM 
CAL 
XIT 
PSE 
TRA 
TRA 
SXD 
PXD 
STO 
TRA 
CAL 

« 
(LEV) 

(I OH)I 

(CSH) 
8)J,0,81 

NPC 

• 
(RTN) 
NPC 
43A 
MOD 
2) + 1 
MOD 
114 
544A 
• 
(LEV) 

(lOH)O 
1 
(SPH) 
8)S 

MOD 

» 
(FID 
2)+1,2 
NPC 
412A2 
• 
(LEV) 

(I OH) I 
1 
(CSH) 
8)J,0,81 

J 

J,l 

PA+1,1 

• 
(RTN) 
114 
E)43 
407A 
C)G2,1 
0,2 
K 
548A 
» 

03474 
03475 
03476 
03477 
03500 
03501 
03502 
03503 
03504 
03505 
03506 
03507 
03510 
03511 
03512 
03513 
03514 
03515 
03516 
03517 
03520 
03521 
03522 
03523 
03524 

03525 
03526 
03527 
03530 
03531 
03532 
03533 
03534 
03535 
03536 
03537 
03540 
03541 
03542 
03543 
03544 
03545 
03546 
03547 
03550 
03551 
03552 
03553 
03554 
03555 
03556 
03557 
03560 
03561 
03562 
03563 
03564 

407D1 
408A 

409A 

410A 

410A1 

4nA 

E)47 
412A 
412A1 
412A2 
E)48 
413A 
414A 

414D1 
415A 

416A 
416A1 
417A 

417D1 
4 ISA 

419A 

420A 
421A 

XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
CLA 
SUB 
TZE 
TPL 
CLA 
UFA 
LRS 
ANA 
LLS 
ALS 
STO 
TTR 
SXD 
BSS 
TXI 
TXL 
SXO 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
CAL 
XIT 
CLA 
TZE 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
TRA 
CAL 
XIT 
ETM 

(LEV) 

(IOH)0 
1 
( SPH) 
8)L 

LABFL+1,1 
PA+1,1 

(FID 
J 
2)+2 
411A 
E)47 
PA+1,1 
6) 

6) + l 

18 
jPA+1,1 
412A 
C)G2,1 

•+1,2,1 
401A,2 
C)G2,1 
194 A 

(LEV) 

(lOH)O 
1 
(STH) 
8)1,0, 1 

(FIL) 
MCALC 
421 A 

(LEV) 

(IOH)0 
1 
(STH) 
8)N,0,1 

NFCP 
NFCC 

(FID 
4 24 A 
(LEV) 

• 



03565 
03566 
03567 
03570 
03571 
03572 
03573 
03574 
03575 
03576 
03577 
03600 
03601 
03602 
03603 
03604 
03605 
03606 
03607 
03610 
03611 
03612 
03613 
03614 
03615 
03616 
03617 
03620 
03621 
03622 
03623 
03624 
03625 
03626 
03627 
03630 
03631 
03632 
03633 
03634 
03635 
03636 
03637 
03640 
03641 
03642 
03643 
03644 
03645 
03646 
03647 
03650 
03651 
03652 
03653 
03654 
03655 
03656 

421D1 
422A 

423A 

424A 

424D1 
425A 

426A 

427A 
427A1 
428A 

428D1 
429A 

430A 

431A 
432A 

432D1 
433A 

CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CLA 
TZE 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 

(IOH)0 
1 
(STH) 
8)0,0,1 

NFCB 
NFCC 

(FIL) 

(LEV) 

(I OHIO 
1 
(STH) 
8)3,0,1 

BETA 
EYEL 
EYE 
EN 
EYEC 
ENC 
EYED 
END 

(FID 
MCALC 
432A 

(LEV) 

(I0H)0 
1 
(STH) 
8)4,0, 1 

EPSLON 
P 
ETA 
V 

(FIL) 
435A 
(LEV) 
( I0H)0 
1 
(STH) 
8)P,0,1 

EPSLON 
P 
ETA 

03657 
03660 
03661 
03662 
03663 
03664 
03665 
03666 
03667 
03670 
03671 
03672 
03673 
03674 
03675 
03676 
03677 
0370D 
03701 
03702 
03703 
03704 
03705 
03706 
03707 
03710 
03711 
03712 
03713 
03714 
03715 
03716 
03717 
03720 
03721 
03722 
03723 
03724 
03725 
03726 
03727 
03730 
03731 
03732 
03733 
03734 
03735 
03736 
03737 
C3740 
03741 
03742 
03743 
03744 
03745 
03746 
03747 
03750 

434A 

435A 

435D1 
436A 

437A 

438A 

438D1 
439A 

440A 

441A 

441D1 
442A 

443A 

444A 

44401 
445A 

NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
NTR 
NTR 
NTR 
NTR 

EM 

» 
(FIL) 
» 
(LEV) 

(I OHIO 
1 
(STH) 
8)5,0,1 

OM 
OMEGA 

• 
(FIL) 
• 
(LEV) 

(I OHIO 
1 
(STH) 
8)6,0,1 

CHI 
PHI 
DELTA 
PSI 

» 
(FIL) 
» 
(LEV) 

(I OHIO 
1 
(STH) 
8)7,0,1 

AI 
PF 

» 
(FID 
«-
(LEV) 

(I OHIO 
1 
(STH) 
8)8,0,1 

ALPHA 
AJS 
B 
ENPRIM 
EYEBAR 

03751 
03752 
03753 
03754 
03755 
03756 
03757 
C3760 
03761 
03762 
03763 
03764 
03765 
03766 
03767 
03770 
03771 
03772 
03773 
03774 
03775 
03776 
03777 
04000 
04001 
04002 
04003 
04004 
04005 
04006 
04007 
04010 
0401 1 
04012 
04013 
04014 
04015 
04016 
04017 
04020 
04021 
04022 
04023 
04024 
04025 
04026 
04027 
04030 
04031 
04032 
04033 
04034 
04035 
04036 
04037 
04040 
04041 
04042 

446A 

447A 

448A 
448A1 

449A 

449D1 
450A 

451A 

452A 
453A 

453D1 
454A 

455A 

455A1 
455A2 
457A 
458A 

459A 

459D1 
460A 

461A 

NTR 
NTR 
LTM 
CAL 
XIT 
CLA 
ADD 
STO 
CLA 
TZE 
TPL 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
ETM 
NTR 
LTM 
CAL 
XIT 
TRA 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STO 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 

R 
AJF 

» 
(FID 
NFC^ 
NFCC 
NFC 
NFC 
4 49 A 
1 16A 
n6A 
» 
(LEV) 

( IOH)0 
1 
(STH) 
8)9,0,1 

FCT 

• 
(FIL) 
0)116 
» 
(LEV) 

( I OHIO 
1 
(STH) 
8)A,0, 1 
2)+l,2 
LOOP 
4 55 A 2 

ELI+1,2 
EL2+1,2 
EL3+1,2 

•+1,2,1 
455A,2 

» 
(FID 
* 
(LEV) 

(IOH)0 
1 
(STH) 
8)B,0,1 
2)+l,2 
LOOP 
461A2 

ELC+1,2 
ELF+1,2 



04043 
04044 
04045 
04046 
04047 
04050 
04051 
04052 
04053 
04054 
04055 
04056 
04057 
04060 
04061 
04062 
04063 
04064 
04065 
04066 
04067 
04070 
04071 
04072 
04073 
04074 
04075 
04076 
04077 
04100 
04101 
04102 
04103 
04104 
04105 
04106 
04107 
04110 
04111 
04112 
04113 
04114 
04115 
04116 
04117 
04120 
04121 
04122 
04123 
04124 
04125 
04126 
04127 
04130 
04131 
04132 
04133 
04134 

461A1 
461A2 
463A 
464A 

465A 

465D1 
466A 

467A 

467A1 
467A2 
469A 
470A 

471A 

471D1 
472A 

473A 

473A1 
473A2 
475A 
476A 

477A 

477D1 
478A 

479A 

NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
CLA 
STD 
ETM 
NTR 
NTR 
NTR 
LTM 
TXI 
TXL 
LTM 
CAL 
XIT 
CAL 
XIT 
ETM 
CAL 
SLW 
CAL 
NTR 
LXD 
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STD 
ETM 

ELWD+1,2 
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» 
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(lOH)O 
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04525 
04526 
04527 
04530 
04531 
04532 
04533 
04534 
04535 
04536 
04537 
04540 
04541 
04542 
04543 
04544 
04545 
04546 
04547 
04550 
04551 
04552 
04553 
04554 
04555 
04556 
04557 
04560 
04561 
04562 
04563 
04564 
04565 
04566 
04567 
04570 
04571 
04572 
04573 
04574 
04575 
04576 

542A 

543A 
544A 

54401 
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LTM 
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XIT 
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CAL 
XIT 
ETM 
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CAL 
NTR 
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ETM 
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OCT 
OCT 
OCT 
OCT 
OCT 
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OCT 
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OCT 
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T4 

• 
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(LEV) 

(lOH)O 
1 
(STH) 
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+202400000000 
+204500000000 
+201600000000 
+202500000000 
+207620000000 
+206740000000 
+210454000000 
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+202700000000 
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+200400000000 
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04601 
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04610 
04611 
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04632 
04633 
04634 
04635 
04636 
04637 
04640 
04641 
04642 
04643 
04644 
04645 
04646 
04647 
04650 
04651 
04652 
04653 
04654 
04655 
04656 
04657 
04660 
04661 
04662 
04563 
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X8l(l)t 
2)1H*i*t 
4*X6l(l 
/l£)1Hl 
5l3dl)l 
223*9*1 
£23*9*1 

((9*1 
H4*Xl)l 
81(3)11 
)1H4*Xl 
•X6l(dl 
(MjlHSl 
3dl)/ I 
3*9*5ll 
3*9*221 
l(9*£2l 
H4*X1)I 
81(3)31 
)3H4'Xl 
*X6l(dl 
lb)3H4l 
13dl)/t 
23*9*51 
23*9*21 
l(9*£l 

H4'X1)t 
81(M)3l 
)3Hti*Xl 
*X9l(SI 
S)3H0ll 
3îlbd I 
3dl)/(l 
3*9^511 
3*9*221 
((9*£2l 
H4*X1)I 
8l(3)il 
)iH4*Xl 
*X6l(3l 
(b)iHSl 

038 
038 
038 
033 
038 
033 
038 
038 
038 
033 
038 
033 
038 
038 
038 
038 
038 
038 
038 
033 
033 
038 
038 
038 
038 
033 
038 
038 
033 
038 
038 
038 
038 
033 
038 
033 
038 
038 
038 
033 
033 
038 
038 
038 
038 
038 
038 
038 
038 
03a 
038 
038 
038 
03a 
038 
038 
033 
038 

04250 
1£250 
9£250 
5£250 
4£2S0 
££250 

6(8 2£250 
l£ZS0 
0£Z50 
12250 
92250 
52250 

V(8 42250 
£2250 
ZZ2S0 
12Z50 
02250 
11250 
91250 
51250 
41250 
£1250 
21250 
11250 
01250 

8(8 10250 
90250 
50250 
40250 
£0250 
20250 
10250 
00250 
111 SO 

3(8 91150 
51150 
41150 
£1150 
21150 
11150 
01150 
19150 
99150 

0(8 59150 
49150 
£9150 
29150 
19150 
09150 
15150 
95150 
55150 
45150 

3(8 £5150 
25150 
15150 
05150 
14150 

3dl)/ I 
3*9*511 
3*9*221 
((9^£2l 
Hn'Xl)I 
81(0)il 
)iH4*Xl 
*X91(SI 
SliHOlI 
3WIbd I 
3dl)/(l 
3*9*51 I 
3'9^22l 
((9^£2l 
H4*X11 I 
81(I)3l 
)3H4*Xl 
*Xll(21 
3a)3H8l 
)/(Vi1l 
•5l3dll 
•223*91 
•£23*91 

I (91 
0H8/)l 

indinoi Hl*X4/l 
dl*X8Wl 
*9^4l3l 
H6*X£lI 
IViOil 

4l3A3bl 
*xn/9^i 
3313H61 
3A3b il 
I *9^4U 
dH6*X£l 
A3b ni 
•413 t 
t *X4/9l 
3*X8IHl 
1*9*411 
OHn*X£l 
*XS*3*l 
/9^4l3l 
VH6*Xtil 
1VA 01 

•413 I 
*X£l*9l 
d0bdH6l 
3 ill 
4/9^41 I 
1dH2*Xl 
413'XII 
X£l*9*l 
i SH6*l 

XVI 
/9^4l3l 

038 
038 
038 
038 
038 
033 
03a 
033 
033 
038 
038 
038 
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033 
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033 
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033 

94150 
54150 
44150 
£4150 

3(8 2til5Q 
14150 
04150 
1£IS0 
9£lS0 
5£150 
4£150 
££150 
2£150 
1£IS0 

3(8 0£150 
12150 
92150 
52150 
42150 
£2150 
22150 
12150 
02150 
11150 

H(8 91150 
51150 
41150 
£1150 
21150 
11150 
OllSO 
10150 
90150 
50150 
40150 
£0150 
20150 
10150 
00150 
11050 
91050 
51050 
nioso 
£1050 
21050 
llOSO 
01050 
19050 
99050 
59050 
49050 
£9050 
29050 
19050 
09050 
15050 
95050 
55050 
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APPENDIX F 

SAMPLE PROBLEM INPUT AND OUTPUT 



704 INPUT DATA 

FORM I 

PROBLEM SAMPLE PROBLEM ORIGINATOR J . HEESTAND PROGRAM 0908/RE224 DATE 2 / 2 4 / 6 1 PAGE L OF 3 

1 2 3 4 5 6 7 89 

1,0,9|0|8,/|R|E,2 

1 1 1 1 1 1 1 1 

i l i . iO, , , , , 

, l i . ,5 

1 • i81 1 1 1 1 1 

,2i. lO, , , 1 E 

i . i 0 i 4 i 4 i 1 1 1 

1.lOiSi 1 1 1 1 

, 4 , . , 0 , , , , E 

lOi. lOi , , , , 

l O i . i O i 1 1 1 1 

l O i . i O 

i5i. fOi 1 1 1 ,E 

i l iSi . iOi 1 , , 

i . i O i l i l i 1 1 . 

i . i 0 i 3 i l i l t 

,3 i4 i3 , . lOi , , 

1 1 1 1 1 1 1 1 

1 1 

1 

0 1 2 3 4 5 6 7 8 9 

2 4 l 

1 | 1 

+,0|6 

1 1 

+,0,4 

+i0,4 

1 1 1 1 1 1 1 1 1 1 1 

ll 2 3 4 5 6 7 8 9 

iSiAMiPLiE 

1 1 1 1 1 1 

, . ,0,6,3,5, 

i l l . ,0 , , , 

1.131 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

i l i . i O i 1 , 

| l , - i O | 1 i 

,. ,5i 1 1 , 

t 1 1 1 1 1 

1 1 1 1 1 1 

i4 i . i9 i 1 1 

, 8 ,5 , . , 0 i 1 

i . , 2 , 5 , , 1 

1. i0 i2 i , 1 

i l i . i S i , 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

' 

2 

0 1 2 3 4 5 6 7 8 9 

3 

0 1 2 3 4 5 6 7 8 9 

1 
iP,aOiB,LiEMi 1 i2i/i2i4i/i6il 
1 1 1 i3 

iEi+i0i4 

9 
1 1 1 1 1 1 1 p 1 1 I " ' 

, 1 | . , 0 ? , , , |E,+ ,0 3 

1 1 1 1 1 1 1 1 1 1 1 

iliOiODi.iOi 1 , 1 1 

1 1 1 1 1 1 1 1 1 1 1 

, . i0 i0 ,2 ,5 i 1 1 1 1 1 

1 1 1 1 . 1 1 1 1 1 1 

1.0 4 , 5 , 1 

1 1 1 1 

l i l t I t 

lO 1. ,0 1 1 1 1 1 1 1 1 

i2151. tO 1 1 t 1 1 I t 

1. i2 t t 1 1 1 1 1 1 1 

i3i7t. i2i9i t 1 1 1 1 

i5i. i2i 1 1 1 |E|+|0|5 

1 t 1 t 1 1 1 1 1 1 1 

J. L 1 . ! _ 1 1 1 1 1 1 1 

1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

2 

1 1 1 1 1 t 

4 

0 1 2 3 4,5 6 7 8 9 

1 1 1 1 1 1 t 1 1 1 1 

1 1 1 1 1 

i l | . ,5, 1 1 , ,E| + |0,7 

1 1 1 1 1 t 

i l , 2 , . ,0 , , , , , , , 

t 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 t 1 1 

i.i0i0>li3 , 

t I t 1 1 1 , , , 1 1 

i.,5,2 

1 1 1 1 1 1 t t 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 

i . iOili 1 

±Qi, 

t. i3 

Oi 1 1 1 1 1 1 1 

3 i 1 1 1 1 1 1 1 

i3 i9 i . |2 i7 i t 1 1 1 1 

i . i0 |4i I I I 1 1 t 1 

- 1 L _ 

I 1 

1 1 

0 1 2 3 4 5 6 7 8 9 

3 

1 t 1 1 1 1 , i 

1 1 1 1 1 1 1 1 

L 1 1 1 1 1 1 1 1 J 

5 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 t 1 

3..,6i 1 1 1 Pi+,0 

1 1 1 1 t 1 1 1 1 

0 ( . , 0 i , , 1 , , , 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 t 1 1 1 1 

-.,2,7, 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

. f i i l i > 1 1 1 1 1 

3 i . « i I , 1 , 1 , 

. t i l l 

. i0 ,0i7i l i4 i 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 , , 1 1 1 

1 1 1 1 1 1 1 1 1 

, 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

4 

0 1 2 3 4 5 6 7 8 9 

5 

6 

0 1 2 3 4 5 6 7 8 9 

5 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 t 1 

i2,5,. ,0, , , , 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

t 1 1 1 1 1 1 1 

t , 1 , 1 1 1 1 

, 2 , 5 , . , 0 , , 1 , 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

0 L lO1 1 1 1 1 

i l t 6 i . i 0 , , 1 , 

1. lOiSiSi , 1 1 

1. Oi0i2i2i l i 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

, 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

6 

7 

0 1 2 3 4 5 6 7 8 9 

, , 

sl 
" 

TiTiTiLiKi 1 i1 

P,A,R,AMiS, ,2 

F,I|X,Ep, , ,3 

C,H,APP,E,sJ 

R,E,V,ENiU,Ei5 

0|M |6 

PiRiOiF,I,T, ,7 

A0I iVAJ-i i8 

I,N,S,UJ\, , ,9 

!IA,X,E,S, ,1,0 

1 1 1 1 1 1 ll 1 

FiCi 1 1 1 i l l 2 

FiUiEiLi , , l i 3 

GYiCLiE, iL4 

P,ARtAiM,-il5 

EiTiEiRi 1 ili6 

SiEiT, 1 i' i l i7 

1 1 1 1 1 1 1 

1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

7 

0 

8 

AMO-B (B-S8I 

• 



704 INPUT DATA 

FORM I 

PROBLEM ORIGINATOR PROGRAM DATE PAGE 2 OF 3 

1 2 3 4 5 6 7 89 

. 151. lO 1 1 1 1 |E 

ll i5i. lO 1 1 1 , 

i - O i l i l , 1 , 1 

i. iO |31 1 1 , 1 

3 ,0 ,0 , . ,0, , , 

, 4 , . lOi , 1 1 ,E 

i l iS i . , 0 , 1 1 1 

1. iO , l , l , , , 1 

. . ,0,2,5, , , , 

4 f l , 0 , . fli , , 

151. ,0, 1 1 1 ^ 

iliOi. ,0 , 1 1 , 

i . iOil 

,0,. ,0, , , , , 

, 0 , . lOi 1 1 , , 

iBi. (J,, 1 1 1 iE 

,1,5,. ,0, , , , 

i . O i l i 1 I I 1 

lO,. , 0 , , 1 , , 

1 

0 1 2 3 4 5 6 7 8 9 

+ («|4 

+ i0|4 

+ i0|4 

+ i0|4 

111. ,0 , 1 1 1 1 1 I I 

1 2 3 4 5 6 7 8 9 

, 4 i . fii , 1 

i l i O O , . lO, 

i. |2 |5 , 1 1 

i . | 0 , 2 , 5 , 1 

,1, . ,5, , , 

,3 , . ,51 , 1 

,7i5, . lO, , 

1.1215| , 1 

i . , 0 , 2 , , , 

, 1 , . , 5 , , , 

i4,. i9i 1 1 

,7,0, . ,0, 1 

1.12i , , , 

,o, . ,o, , 1 

i l l . ,5 , , , 

i S i . i O , , 1 

,8,0,.,0, , 

1. i2i 1 1 1 

lO, . lOi , 1 

l l 1. |5 1 L. 1 
0 1 2 3 4 5 6 7 8 9 

1 

2 

0 1 2 3 4 5 6 7 8 9 

|E,+ |0 ,4 

JE,+ ,0i4 

Ei+i&i* 

f:i+iO,4 

3 

0 1 2 3 4 5 6 7 8 9 

i l l . fli 1 , 1 f: i+fl |4 

i215|. | 0 , 1 1 p 1 1 , 

1- i2i 1 1 1 1 1 1 1 1 

j317|. |219 1 .1 1 1 1 1 

,5,.,0 E,+,0,5 

I I . lO E,+ i0i4 

i2 i5 i . lO, 1 1 1 1 1 1 

i. , 2 | , 1 1 1 1 1 1 1 

| 3 i ' |. ,2 |91 1 1 1 1 1 

,4,.,0, , , , ,E,+ ,0,5 

i i . i B E,+,0:4 

i 3 i 0 i , i 0 , 1 1 1 1 1 1 

1.13 1 

| 0 | . , 0 1 1 

iSi.iOi 1 1 1 lEi+ifliS 

il i . iO, 1 1 1 iE,+iOi4 

|2 iO|. | 0 | 1 1 1 1 , 1 

1. i 3 i 1 1 1 1 1 1 1 1 

i O i . lOi 1 1 1 1 1 1 1 

i5i. lOi 1 1 1 iEi+iOi5 

4 

0 1 2 3 4 5 6 7 8 9 

1. lOil i 1 1 1 1 1 1 1 

i l |0|Oi. |0, , , , , , 

1. i5 1 1 1 1 , 1 1 1 1 

^ ̂ hh^AJlx^^± L±_ 

i . i O , 4 , , , , , , , , 

1. iO,l 

ilflfli.iOi 

i.i2i5 

^ 3 _ , 9 ^ j 2 i ,^^__LL 

i . f l i 4 

i . i O i l , 1 1 1 , 1 , 1 

i l iO iO, . lO 

I. i4i 1 1 1 1 1 1 1 1 

|0|.|0 

1. ifi'iSi 1 1 1 1 1 , , 

1. ,0 ll 

i l i O f l i . i O , , 1 1 1 , 

i. i4 1 1 1 1 1 1 1 1 1 

lOi.iO 

1. iOi5i 1 1 1 1 1 1 1 
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 

2 3 

0 1 2 3 4 5 6 7 8 

4 

5 

0 1 2 3 4 5 6 7 8 9 

6 

0 1 2 3 4 5 6 7 8 9 

. lOi l l 1 1 1 1 1 1 1 

3 1 . , 0 , 1 1 1 1 1 1 1 

. , 1 i l l 1 1 1 1 1 1 1 

. O i 0 , 7 , l , 4 i , , , 

, , , , 1 1 , , , 

. l O i l 

S i . iOi I 1 1 1 I 1 

• l l l l 

.fliO ,7,1,4, 1 , , 

, 1 1 , 1 1 1 , 1 

. lOil i 

3i . lOi 1 1 1 1 1 1 

. i l l 1 1 1 1 1 1 1 

0 , . pO 

1 1 1 1 1 1 1 1 1 

. lOil 1 1 

3 | . | 0 , 1 

. , 1 , 1 1 

0 1. lO 1 

1 1 1 1 1 1 1 1 1 1 

9 0 1 2 3 4 5 6 7 8 9 

5 

i.iOi5 

, l i 6 , . , 0 , 1 , , 

I. iO,5 ,5 i 1 1 , 

1. i0 ,0 ,2 i2 i l i 1 

1. lOiSi l l l l . 

i l i 6 , . lOi 1 1 1 

I. iOi5i5i 1 1 1 

1.,0,0,2,2,1, , 

I l l 

1. i0i5 

1I161. lOi 1 1 1 

1. lOiSi l l l l 

iO,.,0 

1 1 1 1 1 1 1 1 

i . i O i 5 i 1 1 1 1 

1I16,. ,0, , , , 

1. lO i5 1 1 1 1 p 

l O i . lOi 1 1 1 1 

1 1 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

6 

7 

0 1 2 3 4 5 6 7 8 9 

8 

" 

2i 1 , 1 1 i l i3 

2 I i 4 

2. 1,5 

2 116 

2 1,7 

3 Ii3 

3i , 1 , , ,1,4 

3i 1 1 1 , i l , 5 

3, , , , , ,1,6 

3 1,7 

4 , l i 3 

4 I i4 

4 , 1 1 1 1 i l i S 

4 1,6 

Ai 1 1 1 1 i4ir 

5 Ii3 

5i , , 1 1 i l i 4 

5i l i S 

5i 1 I I I 1I16 

5 Ii7 
0 1 2 3 4 5 6 7 8 9 

7 

0 

8 

AP*1D-8 1S-5B) 

( J l 



704 INPUT DATA 
FORM I 

PROBLEM ORIGINATOR PROGRAM DATE PAGE 3 OF 3 

1 2 3 4 5 6 7 89 

, 4 , . P 9 , , , , ,E 

I 2 P 0 P . I 0 I 1 1 , 

p. l O p l , I 1 , , 

, 0 i . ,0 

iO|. , 0 , , , , , 

l l 2 3 4 5 6 7 8 9 

1 

0 1 2 3 4 5 6 7 8 9 

+ |0|4 i4, . fl 1 , , 

| 9D , . ,0 , 1 

1. p 2 , 1 1 , 

lOi. ,0 , , , 

, 1 , . , 5 , , , 

1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

1 

2 

0 1 2 3 4 5 6 7 8 9 

pE|+iO,4 i lp. iOi 

i l O i . lO 

1. 'i31 1 

0 1. .0 I 

5,. ,o, 

l l l l 

0 1 2 3 4 5 6 7 8 9 

2 

3 

0 1 2 3 4 5 6 7 8 9 

1 1 pEi+i0,4 

, 1 P,+ iO,5 

1 t 1 1 1 , 

1 1 1 1 1 1 1 . 

4 

0 1 2 3 4 5 6 7 8 9 

1. lOil i 1 1 , , 1 1 1 

l i O i O u ,0 

1. i4 i 1 1 1 1 1 1 1 1 

10,. fl 1 , 1 

,. i0,5, , , 1 , , 1 , 

1 1 

1 1 

1 1 

1 1 

0 1 2 3 4 5 6 7 8 9 

3 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 , 1 1 1 1 1 

1 1 1 1 1 1 1 . 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

.1 I 1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

4 

5 

0 1 2 3 4 5 6 7 8 9 

. , O i l , 1 1 1 1 1 1 

3 i . lOi 1 , , 1 , , 

. i l l 1 I 1 1 1 1 1 

Oi. iO 

1 , 1 1 1 , 1 1 1 

0 1 2 3 4 5 6 7 8 9 

5 

6 

0 1 2 3 4 5 6 7 8 9 

i. iOiSi l l l l 

, l i 6 , . ,0 , 1 , 1 

p. lOiS 

iOi. ,0 , , , , , 

0 1 2 3 4 5 6 7 8 9 

6 

7 

0 1 2 3 4 5 6 7 8 9 

1 P 

8 

0 

6i 1 1 1 1 i l i 3 

6 PTI4 

6 . i l i 5 

6i I i6 

6, , , , 1 ,1P7 

1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

7 

0 

8 

AMD-B (B-56) 

• • 



0908/RE22if SAMPLE PROBLEM 2/2U/61 
M CALCULATION 3 URANIUM REGIONS 3 PLUTONIUM REGIONS 

INPUT 

FIXED CHARGES 
BETA 
I 
K C ) 
1(D) 

REVENUE 
EPSILON 
ETA 

1.000000E 
6.350000E-
1.050000E 
1.500000E 

8.000000E-
3.000000E-

00 
-02 
08 
07 

-01 
•01 

I(L) 
N 
N(C) 
N(D) 

P 
V 

3.600000E 05 
2.500000E 01 
1.500000E 00 
1.000000E 00 

l.OOOOOOE 03 
1.200000E 01 

OPERATING AND MAINTENANCE COSTS 
OM 2.000000E 06 

PROFIT 
OMEGA U.l+OOOOOE-02 

AD VALOREM CHARGES 
CHI 5.000000E-02 
DELTA l.OOOOOOE 00 

PHI 2.500000E-03 
PSI 1.300000E-03 

INSURANCE CHARGES 
A(l) J4.OOOOOOE OU PF l.OOOOOOE 00 

TAXES 
ALPHA 
B 
IBAR 
J(F) 

0. 
5.000000E-
U.SOOOOOE-
5.200000E-

FUEL CYCLE COSTS 
L(1) 

5.000000E 
5.000000E 
U.OOOOOOE 
5.000000E 
5.100000E 
U.900000E 

L(C) 
lO.OOOOOOE-
lO.OOOOOOE-
lO.OOOOOOE-
lO.OOOOOOE-
10.000000E-
lO.OOOOOOE-

C(C) 
1.500000E 
1.500000E 
1.500000E 

OU 
Oh 
Ok 
Ok 
Ok 
Ok 

-03 
-03 
-03 
-03 
-03 
-03 

01 
01 
01 

-01 
-02 
-01 

L(2) 
U.900000E 
U.800000E 
3.500000E 
U.900000E 
5.000000E 
U.800000E 

L{F) 
lO.OOOOOOE-
lO.OOOOOOE-
lO.OOOOOOE-
lO.OOOOOOE-
lO.OOOOOOE-
lO.OOOOOOE-

CtF) 
8.500000E 
l.OOOOOOE 
7.500000E 

J(S) 
NPRIME 
G 

01* 
Ok 
01* 
Ok 
01+ 
Ok 

-03 
-03 
-03 
-03 
-03 
-03 

01 
02 
01 

2.700000E-
2.500000E 
0. 

L(3) 
0. 
l.OOOOOOE 
l.OOOOOOE 
l.OOOOOOE 
l.OOOOOOE 
l.OOOOOOE 

L(W) 
0. 
5.000000E-
5.000000E-
5.000000E-
5.000000E-
5.000000E-

C(R) 
2.500000E 
2.500000E 
2.500000E 

-01 
01 

OU 
Ok 
Ok 
Ok 
Ok 

-02 
-02 
-02 
-02 
-02 

01 
01 
01 



so 3000000*5 
SO 3000000*5 
50 3000000*5 
SO 3000000**1 
SO 3000000*5 
SO 3000002*5 

(i)3 
*0 
*0 
*0 

£0-3000012*2 
£0-3000012*2 
£0-3000012*2 

{M)3 
*0 
*0 
*0 

10 300062i*£ 
10 300062Z*£ 
10 300062Z*£ 
tvn3a)3 

20-3000000*5 
20-3000000*5 
20-3000000*5 
20-3000005*5 
20-3000005*5 
20-3000005*5 
(3NI^d S)i 

l0-3000000*£ 
lO-3000000*£ 
l0-3000000*£ 
10-3000000*2 
10-3000000*2 
10-3000000*2 

10 3000009*1 
10 3000009*1 
10 3000009*1 
10 3000009*1 
10 3000009*1 
10 3000009*1 
(3NI»d SIO 

10 3000000*1 
10 3000000*2 
10 3000000*£ 

00 3000005*1 
00 3000005*1 
00 3000005*1 
00 3000005*1 
00 3000005*1 
00 3000005*1 

(d)0 
•0 
*0 
*0 

£0-30000*11*1 
£0-30000*11 *1 
£0-30000*11*1 

13)3 
*0 
*0 
*0 

20-3000000*2 
20-3000005*2 
20-3000000*2 

(2)3 
20-3000000*01 
20-3000000*01 
20-3000000*01 
10-3000001*1 
10-3000001*1 
10-3000001*1 

(S)l 
10-3000000*2 
10-3000000*2 
10-3000000*2 
10-3000005*2 
10-3000005*2 
10-3000005*2 

(J)JL 
00 3000000*£ 
00 3000000*£ 
00 3000000*£ 
00 3000000*£ 
00 3000000*£ 
00 3000000*£ 

(S)D 
10 3000000*6 
10 3000000*8 
10 3000000*1 

20-3000000*5 
20-3000000*5 
20-3000000*5 
20-3000000**1 
20-3000000**! 
20-3000000**1 

n 
*0 

00 3000000*1 
*0 

20 3000000**1 
20 3000000*£ 
20 30000£tl*£ 

V 
*0 
*0 
*0 

10 3000126*£ 
LO 3000126*£ 
10 3000126*£ 

(3)3 
*0 
•0 
*0 

20-3000005*2 
20-3000000*£ 
20-3000000*£ 

(I )3 
10-3000000**! 
10-3000000**! 
10-3000000**! 
10-3000005*2 
10-3000000*5 
10-300000£*£ 

(0)1 
£0-3000000*01 
£0-3000000*01 
£0-3000000*01 
20-3000001*1 
20-3000001*1 
20-3000001*1 

(3)1 
20 3000000*1 
20 3000000*1 
20 3000000*1 
20 3000000*1 
20 3000000*1 

•0 
(M)3 

10 3000000*2 
10 3000005*1 
10 3000000*1 



OUTPUT 
M 
ELECT REV 
I 
AD VAL 
PL 
F TAX 
V ( E 1 ) 

1 . 3 3 6 8 9 5 E 
2 . 8 1 0 6 8 8 E 
1 .31U285E 
5 . 6 6 8 3 6 B E 
2 . 6 0 0 0 0 0 E 
9 .37 I+063E 

3 . 7 2 9 5 9 9 E 
3 . 7 2 9 5 9 9 E 
2 . 9 U 8 8 7 2 E 

02 
08 
08 
06 
05 
06 

02 
02 
02 

TOTAL REV 
PU REV 
O . E . 
PROFIT 
S TAX 
TOTAL FC 
V ( E 2 ) 

2 . 8 8 9 9 3 6 E 
7 . 9 2 U 7 7 5 E 
2 . 7 2 5 8 1 7 E 
5 . 7 8 6 2 5 1 E 
6 . 6 6 7 5 3 7 E 
2 . U 8 6 n 8 E 

2 . 1 8 U 1 U 7 E 
2 . 9 U 8 8 7 2 E 
2 . 1 8 m U 7 E 

08 
06 
08 
06 
06 
08 

02 
02 
02 



60 

APPENDIX G 

SAMPLE WORK SHEET 

The following is a sample work sheet proposed by T. Heckman of 
the AEC, to be of aid to the p rob lem or ig ina tor . 
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PAGE 1 OF 3 

0908/RE224 REACTOR ECONOMICS WORK SHEET 

ORIGINATOR 

PAFiAMETER 

MCALC 

NFCB 

NFCC 

P 

1 

Ic 

Id 

^Z 

n 

^ c 

nd 

e 

^ 

P 

V 

m 

O M 

CD 

X 

6 

0 

^ 

a i 

i j i 
INDEX 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

UNITS 

-

-

-

-

% X 10-2 

$ 

$ 

$ 

y r 

y r 

y r 

% X 10-2 

% X 1 0 " ^ 

TMW 

$/gm 

m i l l s / kwh 

$/yr 

% X 10-2 

% X 10-2 

% X 10-2 

% X 10-2 

% X 10-2 

$per$ 
m i l l i on 

PLANT PROBLEM NO. 

VALUE 

REFERENCE 
(AUTHOR 
AND/OR 

DOCUMENT) 

ACCURACY 
G GOOD 
F FAIR 
P POOR 

• ATE 

PLANT PROBLEM NO. 

VALUE 

REFERENCE 
(AUTHOR 

AND/OR 
DOCUMENT) 

ACCURACY 
G GOOD 
F FAIR 
P POOR 
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P A G E 2 O F 3 

ORIGINATOR 

PARAMETER 

P F 

a 

b 

1 

J F 

Js 

n ' 

g 

f c t 

L l 

L E 

L3 

4 
k 

w 

^ c 

Cf 

C j . 

C w 

Cs 

C s ' 

t c 

H 

(J) 
INDEX 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33-42 

43-52 

53-62 

63-72 

73-82 

83-92 

93-102 

103-112 

113-122 

123-132 

133-142 

143-152 

153-162 

163-172 

UNITS 

-

-

% X 10-2 

% X 10-2 

% X 10-2 

% X 10-2 

y r 

% x 10-2 

$ / y r 

k g 

k g 

k g 

% X 10-2 

% X 10-2 

% X 10-2 

$ / k g 

$Ag 

$ / k g 

$ / k g 

$ / k g 

$Ag 

y r 

y r 

PLANT PROBLEM NO. 

VALUE 
REFERENCE 

(AUTHOR 
AND/OR 

DOCUMENT) 

ACCURACY 
G GOOD 
F FAIR 
P POOR 

PLANT PROBLEM NO. 
1 

VALUE 

REFERENCE 
(AUTHOR 
AND/OR 

DOCUMENT) 

ACCURACY . 
G GOOD 
F FAIR 
P POOR 



ORIGINATOR 

P A R A M E T E R 

t r 

t d 

t s 

t s -

e i 

6 2 

CA 

C p 

e p 

^ w 

A 

^P 

E t 

u 

co re 

^'^AB 

f ^ I B 

f ^ O B 

(J) 
I N D E X 

173-182 

183-192 

193-202 

203-212 

213-222 

223-232 

233-242 

243-252 

253-262 

263-272 

273-282 

283-292 

293-302 

303-312 

U N I T S 

y r 

y r 

y r 

y r 

wt % X 10-2 

wt % X 10-2 

$Ag 

$Ag 
wt % X 10-2 

Wt % X 10-2 

k g 

$ / g m 

T M W day 

% x 1 0 - 2 / y r 

$ / y r 

$ / y r 

$ / y r 

$ / y r 

PLANT PROBLEM NO. 

V A L U E 

R E F E R E N C E 
( A U T H O R 
A N D / O R 

D O C U M E N T ) 

A C C U R A C Y 
G GOOD 
F F A I R 
P POOR 

P L A N T P R O B L E M N O . 

V A L U E 

R E F E R E N C E 
( A U T H O R 
A N D / O R 

D O C U M E N T ) 

A C C U R A C Y 
G GOOD 
F F A I R 
P POOR 
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