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ABSTRACT

The Non-Proliferation Alternative -Systems Assessment Program
(NASAP) computer code was developed to calculate the LWR and
NASAP choice reactor cost through an arbitrary year TN. The
final cost is arrived at by calculation of cost contributory
factors for both LWR and NASAP choice reactors.
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INTRODUCTION

The ﬂpn-prbiiferation Alternative Systems Assessment Program
(NASAP) computer code was developed to calculate the total
LWR and NASAP choice reactor cost through an arbitrary year
TN. The final cost is arrived at by calculation of cost
contributary factors for both LWR and NASAP choice reactors.
The cost contributary factors evaluated are:

1. Scheduling.

2. Plants installed.

3. U308'ut111zatjon.

4, U308 cost increase factors.

5. Research and development costs.

6. First-time engineering costs.

7. Fuel cost contribution to power'cost.

8. Plant capital cost contribution to power cost.

9. Operation and maintenance cost contribution to power cost.



I. Scheduling

It is assumed that the net nuclear growth rate (i.e., additions, defined as
plant installations minus plant retirements) and the NASAP choice installa-
tion rate (including replacement of retirements) are known, (Figure 1).

.
3

a(t) 1,N net nuclear growth rate (Gwe/year) (1)

r. i

r(t) 5

1,N NASAP choice installation rate (Gwe/year) (2)

The reference installation time'(TRI) is defined as the time from a reference
starting year (TI) required to arrive at full scale NASAP deployment. This
time includes the time required to:

1. perform research and development (ATPD) (years),
2. construct the lead plant (ATC) (years),
3. operate the lead plant (ATO) (years),

4., accelerate to equal full nuclear installation rate (ATa) (years)
Tap = Ty * ATgp * AT *+ 4T + aT, (years) (3)

II. Plants Installed

The net plant addition rate (i.e., the nuclear growth rate) a; is defined as:

a, ='gi - (g;[t; - aR]) + o (ri[t,aR]) (Gwe/year) (4)
a; = g; - g +try - (Gwe/year) (4a) -
where:

g9; = LWR installation rate (Gwe/year)

gi = LWR retirement rate = (g;_,0) (Gwe/year)

rsy = NASAP choice installation rate (Gwe/year)

ri = NASAP chofce retirement rate = (ri_a) (Gwe/year)

AR = reactor lifetime (years) | |

t, = time (years)

From equations (4) and (4a) the rate of LWR installation for the reactor
lifetime of AR years is determined.

-2 -



NUCLEAR INSTALLATION RATE (Gwe/Yr)

FIGURE 1
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Absolute base year (e.g., 1957)

Base year for cost calculations (e.g., 1978)
Reference starting year (e.g., 1979)

Year NASAP choice reactor deployment begins
Year retiremenf§ begin

Reference installation time

N+AR

i=N+aR



g; = a5 = Ty i=1,aR (Gwe/year) . (5)

Beyond reactor lifetime AR, the rate of LWR installation is

g; = a; t g% -r, +r i=aR+1, N+ aR (Gwe/year) . '(6)

]
1 1 1

‘The total number of LWR's in existence at a given time (ti) is:

N dx i=1,aR (Gwe) (7)

i
. =) 9.
LWR,1 5y 73

AR i _
Nowr.i =% 95 .1 (g; - gt)|dx i=2aR+1, N+aR . (Gwe) (7a)
LWR,1 . {J=‘I i j=AR+.I J J

Correspondingly, the number of NASAP choice reactors on line at a given time

(ti) 15
i ) _
, NNAS,i = §=1 ' dx i=1,4R (Cwe) (8)
i i
N . = r., + (r. = rt)|dx 1 = AR + 1, N + AR . (Gwe) (8a)
NAS,1 §=1 J jzaR+1 o

From equations (7), (7a), (8), and (8a), the maximum number of LWR's and

NASAP choice plants ever on line from time Too to TN can be found.

(N i=1, N+ AR (Gwe) (9)

LR max = Max(N e )

(N = max(Nypg ;) - =1, N+aR (Gwe) | (10)

NAS)max

I11." U0, Utilization

The LWR U3O8 utilization is assumed to be improved in three steps. Hence,
there are four periods of improving U308 utilization. These periods are de-
fined below and depicted in Figure 2.

Period 1: [Too’ TX] :  Original LWR
Period 2: [TX, TY] :  First Improvement
Period 3: [TY, Tz] :  Second Improvement
Period 4: [TZ, TN] :  Third Improvement

-4 -
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FIGURE 2

LWR Fuel Utilization Periods
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A1l LWR's may be instantaneously backfitted to make use of new fuel utilization

techniques.

The LWR fuel usage over reactor lifetime (AR) years is calculated

by determining the fraction (f ) of reactor lifetime (AR) that an LWR started

up in year (t ) spends in each of the four usage periods.

is defined by the following four quantities:

Lower‘boundary for period j.

LRI B

(TU)i j Upper boundary for period j.

f. j = Usage factor for period j.

(Uo)1,3 = U3O8 for LWR Tifetime in per1od j.

The periodic parameters are calculated as follows:

| Too’ or
(TL)1,1 = max
t.
i
(t. + AR), or
(T,,): ; = min
u’i,1.
Ty
[(TU)i 1 ( L)1 ]]/AR, or
f. ‘= max
1,1 0.0

(U )1 17 U§O)

Each usage period

(Calendar Year)

(Calendar Year)

(Short Tons/Gwe)

(11a)

(11b)

(11e)

(11d)



Usage Period 2_(j = 2)_(i_=_1,N)

TX’ or
Vo=
(T )i, = max : (12a)
(ti + AR), or
(TU)i,z = min r . (12b)
\[(TU)i;Z - (TL)%,Z]/AR’ or
f%’z = max 0.0 (12¢)

For all values of (i) > (ix) the following variables are evaluated:

(Ty,2 = (T4 2 “ (13)
fi2° T2 (14)
(Ug)y 2 = 05" | (15)

Equations (13) through (15) are also applied when the change occurring at year

Ty is backfittable and the conditions of equation (16) are met for (i = 1,N).
(Ty - t;) < (R - 2B) - (6)
where:

AB = Minimun lifetime for backfitting to be possible (years).

The following variables are defined: For all values of (i) < (ix)

fi 2 = 0.0 ' - (7)
fir = fin i (18)
(T )i,2 = (Tyhy o . | (19)
(Ti = (Tyli 2 ' (20)
Uy 5 = W) | (21)



»

Equations (17) through (21) are also applied when backfitting does not occur
at time (TX) and equation (16) does not apply, i.e., (Tx - ti) > (AR - 4B).

Usage_Period 3 (j = 3) (i_=_1,N)

TY, or
(TL),}’3 = max . (22)
i
(ti + AR), or
(TU).i’3 = min T (23)
JA
[(TU)1,3 = (TL)%’3J/AR9 or
f! = max (24)
1.3 0.0
The following variables are redefined for all values of (i) > (iy):
(Mi,3= (i3 | | (25)
fig = fi3 - | (26)
- ylo) | ,
(Ug)y,3 = U3 (27)

Equations (25) through (27) are applied if the change occurring at year (TY)
is backfittable and the conditions of equation (28) are met for (1 = 1,N).

(Ty = t;) s (R - B) | (28)

Y

For all values of (i) < (iy) and when fi o > 0.0 the following variables are
redefined: ’

fi3 - 0.0 : :  (29)
fie =fi2tfis (30)
(T)i,37 (Tgdi s ' (31)
(Tﬁ)i,2=-(Tu)i,3 (32)
(uo)m=~ U§°) S ' (33)



Equations (34) through (38) are evaluated when (i) < (iy) and fi 5 2 0.0.

fi.3 = 0.0 (34)
fiqg " it fis | (35)
(T4,3 = (Tyhi 3 (36)
T, = Tyis (37)
(Ugdy,3 = “%0) - (38)

When the change occurring at (TY) is not backfittable and the conditions of
equation (28) are not met, equations (29) through (33) are applied if (fi 2)
9
> 0.0. When (fi 2) < 0.0, equations (34) through (38) are applied.
. ’ B .

Usage_Period 4 (j_= 4) AND_(i_= 1,N)

TZ’ or
(TL) 4 = max (39)
] t.
;
(1y) .4 = (t; +oR) (40)
[(TU)'I,4 = (TL).:’4]/AR3 or
f! = max (41)
1.4 0.0
For all values of (i) > (iz):
My = (Tia (42)
fia = fig (43)
U);,4 = 9 (44)

When the change occurring at point TZ is backfittable and the conditions of
equation (45) are met, equations (42) through (44) apply for (i = 1,N)

(T, = t;) < (&R = 2B) ~ (45)



The following variables are defined for all values of (i) < (iz) and f; 3>
0.0: ) ’

fig =00 (46)
fis “fistfia | (47)
R T (48)
(Tyi,3= Ty g ()
(Ug)y 4 = 05° (50)

For those values of (i) meeting the following criterion:

(1) < (iz). f; 3 < 0.0, and-f; , > 0.0;

equations (51) through (55) are applied,

fig. =00 _' (51)
fio “fi2*fig ,. | e
(Ti,0 = Tydig (53)
(Tydi,2 = (Oyls 4 (54)
(U)g.4 = 05 | o (55)

When (i) < (iz), 1’_i 3 £ 0.0, and fi 5 < 0.0, the calculations are performed
using equations (56) through (60).

f. = 0.0 ' (56)

4
far = fia . m | (57)
(Mi,0 = (i g (58)
(Ty)i = (Mg (59)

(Uy); 4 = Uf® | (60)



The following variables are defined for all values of i = N+ 1, N + AR,
fi 3 = 0.0 for j = 1,3 (61)
fi 4 = 1.0 (62)
(Uo)i,j = 0.0 for j = 1,3 (63)
- o)
Uodi,a =Y (64)
(TL)i,j = TN for j = 1,3 (65)
Ti,a =% (66)
(TU)i,j = TN for j = 1,3 (67)
(TU)1,4 = ti + AR (68)
The fuel required by an LWR started up in year t, for (i = 1,N) is:

= (1nto) (o) (o) (o) nLWR

Uy = (U fy 20 Fy ot U Fy gt Uy 1c1',4)( WYL
obo '(Short'TOns)

where: . we

U§°) (3 = 1,4) = U308 for LWR lifetime for period j (short tons/Gwe).

fi j (j = 1,4) = Calculated fractional fuel usage for period j.

"LWR S LWR capacity factor over lifetime aR. (hre)

AR . = Reactor lifetime (years).

n, = Reference capacity factor. (E%EJ

by = Reference lifetime (years).

The NASAP choice reactor U3U8 requirement i§:

'(UO"NASAR)

U* = A (short tons/Gwe )
AC)

where

(70)

(69)

UO = Reference U.,0, for NASAP choice reactor 11fet1me at capacity factor

378
n, over reference lifetime 4 (short tons/Gwe)

-10 -
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= NASAP choice capacity factor over reactor lifetime AR.A(———J

"NAS hr
The U308 committed to any date ti is:
. i i .
- Hy = Z=] g, Up + %;] rp U* | dx i = 1,N (short tons) , (71)

where:
g, is defined by equations (5) and (6). (Gwe/yéar)
U, is defined by equation (69). : - (short tons/Gwe)
r, is defined by equation (2). (Gwe/year)
U* is defined by equation (70). (short tons/Gwe)

Using equation (71) the function H; 1s defined for all t.; i.e., H, = f(t).
6

Therefore, the years ti corresponding to H = 2.6 x 10° short tons and H =

5.4 x 1b6 short tons of U308 can be found by interpolation. The values of
t* = ti at Hi = 2.6 x 106 and t** = ti at Hi = 5.4 x 106 represent the years

. in which 2.6 x 10° and 5.4 x 10° short tons of U0y will be committed.

L

IV. U.0, Cost.Increase Factors

. The U308 cost is assumed to increase over the period [Too’ TN] according to

a known.function p(t), normalized such that w(TB) = 1.0, (Figure 4). The
average values of y(t) for all reactors started up in year (ti), including
the accounting for U308 utilization improvement throughout reactor lifetime,
is a function of the U308 usad to time r; where (i-= 1, N + aR). '
In order to compute the average values of y(t) for all reactors, it is neces-
sary to first determine the ore (U308) used, (not committed) to time T as a
function of y(t). These values will then make up the function (MKTK); i.e.,

- ore used versus time,

- The current fuel usage period is found for each of the times (rk) to which
the fuel usage for all reactors starting up in year (ti) will be computed,
Figure 3. '

- 11 =



Original # First 4 Second # T

00 Reactor X Improvement Y Improvement Z Third Improvement N+aR
j:] j=2 j=3 | j=4
+«— Period 1 ——|<«Period 2 —— |«— Period 3 >|< Period 4 ———
% =
— | L P S |
i=1 1 t TT 1=N+4R
& Tk N
FIGURE 3
where:
ti = Year 95 LNR'sAand rs NASAP's are started up.

'Year'to which fuel usage for 9; LWR's and r; NASAP's will be com-
puted..

Tk

The current fuel usage period (j? k) is the value of j that satisfies equation
]
(72).

(TL)'i,j f_Tk < (TU)i,J. j=1.4 _ (72)
i s 1,MaR
k = 1,N+AR
where:
(TL)i 5 and (TU)i j are the lower and upper boundaries respectively

of the fuel usage period (j) as defined in Section III.

The fuel used by an LWR started up in year (ti) is now a function of both
*
(Tk) and (j.| ’k)-

Thus, 1f [ti LR (ti + AR)] and jg K 1 the Fuel used by an LWR 1s:
9

j* | (U ): . T, -(T ): .
k=1 (U))s . 0 1Yk SRRLRLPNE
T, = ) (2 1ady f. . n o AR + [- T, p[Max 1]
ik 55 By 1,3 "LWR 85" LWR do.0

(Short tons/Gwe)  (73)

If [ti < Ty <.(ti + AR)] and.j$ K 1, the fuel used by an LWR is:

- 12 -
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’ 00 0.0 (Short Tons/Gwe)

If [rk gi(ti + AR)], the fuel used by an LWR is:

4 (U). .
Ti L () fyogonp g AR i = 1,M+4R (Short Tons/Gwe) (75)
Tl oo ’ k = 1,N+aR
where:
(u.) = U.0. for LWR lifetime in period j (short tons/Gwe).

0'i,J 378

B, = Reference lifetime (years).
. hre

N, = Reference capacity factor. (FF_)
£, . = Fuel usage fraction in period j. (Section 11I)
15J

. ‘ hre
LR = LWR capacity factor over aR. (FF-
AR = Reactor lifetime (years).
(TL)i j = Lower boundary for period j. (Calendar Year)

9

The fuel used by all plants (LWR plus NASAP choice) up through year T is:

k k U :
M = o . = R) (76)
Me=tE Tik 9t D Ga) twas Mas,i fax (kST
k [1=1 1|k 1 =1 nOAO N o ? (bhort Tons)
The érray [Mk, Tk].defined by equation (76) represents the.U308 used, (Mk)
to date (r,), (k =1, N+ aR). _

It is assumed that the function y(t) = [M%, w%], (i =1, M), normalized to
1.0 in year TB is known, where M% represents the ore mined in (tons) and
¢% the cost of mining in (§/1bm). The discrete set of [M%, w%] points des-

cribe the U308 cost increase as more ore is mined and the ore grade de-
creases.

The fuel cost is determined as follows:

Each of the calculated array values of [Mk,'rk] is. interpolated into the
known function [M%, w;] such that for a discrete amount of fuel used, (Mi)’
at a given time (ri), the cost (wi) can be determined, Figure 4. Thus, the

- 13 -
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St

cost versus time function [y, ri] is formed for all values of (i =1,
N + AR). '

The average cost, (“i j) of U308 for reactors in fuel region (j) that were
H] .
started up in year (ri) is then computed.

For all (TL)i,j < (Tu?i.j

e e = I i o)
where:

iu = The value of countér (ij at t, = (TU)i,j'

iL = The value of counter (i) at t, = (TL)i,j'

Obviously, when the calculated lower boundary of region (i), (TL)i j is greater

" than or equal to the calculated upper boundary of region (i), (TU)i +s both

J
the fuel used and the average cost are set to zero.

Research And Development (R&D) Cost

It is assumed that the first-time engineering cost for one Vendor, E, is
known and that a fixed number of vendors, three, plus government supervision,
will be involved. Therefore, the total first-time engineering cost, T., is
simply:

T

£ - 3.0E | A $ (78)

General R&D

The minimum corporate R&D °°St-(Rminw) for all agents and the cost split
among the three vendors and government supervision, with corresponding over-
lap factors, are assumed to be known.

- 15 -



Fraction Of R&D : Overlap

Agent | _Dq11ars To Agent Factor
Vendor 1 Vi F]
Vendor 2 v, F,
Vendor 3 V3 F3
Government Vg F4.

The cost associated with each vendor and government supervision is:

Vendor 1: V.l = v] FTRminw (dollars) (78a)
Vendor 2: Vy = vz'F2 Rminw (dollars) (78b)
- Vendor 3: Vi = vy FaRoinw (dollars) (78¢)
Government:'tv4 =V, F4 Rminw (dollars) (78d)

The contribution of NASAP R&D to capital cost is a total of R (dollars) availe
able to be dispensed at fraction (di) per year in years (ti) and is determined
as follows:

R=V, +V

+ V3 +V (dollars) ’ - (79)

1 2 4

Model 1
NASAP Plants

- - - e — -

The cost of R&D is. spread over all NASAP choice plants sold and is treated as
a component of capital cost, present worth as though it were a part of the
purchase price, paying for development in earlier years. It is assumed that
there are n6 taxes and that the discount rate is low (& 0.085), correspond-
ing to governmedt financing of all R&D.

The contribution of NASAP R&D (xp) to capital cost is:

.
(/" R d(t)e(t) dt)(1.0 + fo A0 - o])

00 .
X © T Yo - 1) 3 ($/kwe)  (80)
n 1 100 Kwe
('jl: ,r(t)g(t) (] T rD) dt)(—We_
00
whére

R = R&D cost as defined in Equation (79) (dollars).

t-T

o ] B
g(t) = discount function (T—;—;E)

- 16 -
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d(t) =4d1, i =1, N: fraction of NASAP development dollars spent in each
of the N years [T ,T\]

fc = interest rate during construction (fraction)

A* = lag time between purchase and startup of NASAP choice reactor
(years)

P = avérage fraction of lag time that passes before half the plant is
paid for

r(t) = ris 1= 1, N: NASAP installation rate = plant startup rate (Gwe/year)
= fractional discount rate

T = base year for all costs (i.e., 1978) (calendar year)

The plant startup rate, r(t), is discounted according to Equation (81).

Discount Function

(t - a%*) t - 2*(1 - p)

e~

——

r
Sale- |
Tg. o ot
(Startup)
(Cost Reference)
Time ~
FIGHRE &
(o - 1) t -2 -p)-T
]
£(t) (T—qrji;) = (1—:;11;) B - (81)

The integrals of Equation (80) are approximated as follows:

T 3
I = Mod(t)e(t)dt
TOO

-17 -



t_i+l/2-TB t1-1/2-TB
PR f oL -(..l;ﬁl_.) ]
N (Tit'Y1. + p 1. + s
I,=F( — ) (82)
d i In (=)
1. + o
™ 1o M=)
o= r(t)s(t) ] dt
s I + T
00
Using Equation (81)
T . '
N t-a*(1 -p)-T
= s () [l at ’
Too . D
ti+1/2-1* ti-1/2—1*
1.0 1.0
I P BB - ,
I.=7 ( ) (83)
s .t 1.0
where:
* = A% (1 - p) - TB
Substituting Equations (82) and (83) back into Equation (80) gives:
Iy R(TLO+ Fax [T - ol)
Xp = 5 ($/Kwe) . (84)
I (10 Kwe
S Gwe
The total NASAP development cost (XD) is then determined as follows:
D b V0 TR T Gwe T3 |
where:
ri = NASAP installation rate (Equation (2))  (Gwe/year)
Xp = the contribution of R&D to capital cost (Equation (84))($/Kwe)
AR = reactor lifetime (years)
i, = plant fixed charge rate (year'])

- |8 =



LWR Plants

The LWR research and development costs for improvements iq ore utilization

at times Tx’ Ty and TZ (Figure 2) require a development cost of A (dollars) at

time Tx’ B (dollars) at time Ty and C (dollars) at time TZ. The three amounts,
A, B and C (dollars) are disbursed at fractional rates of a(t), b(t) and c(t),

respectively (Figure 6).

=
C.
@
qE, h|
“u b
4 o s
= h| 1
3 X
on
= -
R =)
o
e
[andit =
=z
S a A $ C
w— O
4+ -
oo
o >
S
| | | |
Too TJ +——TIME——— Ti Tl

FIGURE 6

It is assumed that the development money is discounted at rate (fD) and that
no income tax is-charged on its benefits. Then, the equations of income and
outgo for each of the improvement periods are:

Period 1

Original LWR, no improvement costs.

Period 2

First improvement:

T, [t-Tg] T, | (T ~Tg=8/2)
foA o) ((RD)  dt = (yyh10%) 5 () dt(Te) |
T, 14y P10 T +aB-aR T
(86)
[t-4 (1.-9)-Ty]
N ) () dt
T, Al
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Period 3

Second improvement:

TN (t-T ) T (T -TB~B/2)
1.0 6, J y
;s B b(t)(—— dt = (y,h,107) s g(t) dt(z—%r)
T 1.+rD 22 T 1. O+r‘D
00 : \ y+aB-AR
(87)
TN [t-r (1.- p)-TB]
1.0
+ Q(t)(T-ﬁi;rﬁ
T D
y
‘ Period 4
Third improvement:
L (t-Tg) | T, (T,-Tg= -8/2)
() 6s2)  dt = (y,n,108) / g(t) dt(rrl)
; Cc = ,
1. - ‘ 33 T +AB-AR 1. 0+r
00 , Zz
T, L ()T (88)
+ 5 g(t) (=)
T . 1,0+PD

¥4

Equations (86) through (88) can be combined and generalized by introducing the
following variables and shifting the scale of Figure (2), Figure (7).

A=Q1 B=Q2 : C=Q3 .
First I Second Third ' |
</ Improvement Improvement Improvement
— e . j=2 e i-3 -
TX Ty Tz TN
¥ ¥ ¥ ¥
i=ix i=iy i=iz i=N
FIGURE 7
Q; =0 = A ji=1.3
= QZ
= Q3 =
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%7 % e P b A
9,2 = 0p» T = LN IR E I
q1’3 = C,is 1= ]9 N
kj = 1.x j=1,3
- = 'ly
= iz
TQ = )\(‘l - p) + TB
Y = 6/2 + TB
Then the general equation of income and outgo becomes:
Mg g kD arsy a3 ekl e
T ’ D T, +aB- AR D
00 kJ |
TN (t-tn) . (89)
, s gt 5 ]
T
, J
sy
The integrals of Equation (89) are approximated as follows:
Ty (t-TB)
) =1 % (1 ) dt =
00 ‘ (90)
t.i+1/2-TB ’c1.-1/2-TB
Dy (1) ]
N Y4, YT A R :
) . :
i=1 'In[] - ]
(T, =v)
Tk (£) (L) Y
g et — =
@) T Tk sa8-aR 1 -*TD ‘
] (91)
ks (£, =)
3-1 1.0, 9
Q %) (1)

i=k .+AB-AR
1kJA A
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1.0
I ,.0v =1 g(t) (== dt =
w(j) T.+r
t.+1/2-1 t.-1/2-7
1.0, | Q 4.0,
N g'i [(] +pr ) A (-I +r ) ]
z D 5 D

Substituting Equations (90) through (92) back into Equation (89) and solving
for (yj) gives the cost associated with LWR development in each of the 3
periods, without interest during construction.

I ,.,0Q.
y. = a(d) ~ §=1,3 (93)
I (hy Loyey + I 010" 4 _
jov(d)y " w(@)y e (mi11s/Kwhre)
where:
Q; = Total development costs for each period (3 =1,3) (%)
a; j = Fraction of LWR dollars spent in each of (i = 1, N) years for
each change period (j = 1,3)

s = Discount rate
h _ 15 change for each period is backfitable

J 0; change for each period is not backfitable
TB = Base year for all costs (e.g., 1978) (calendar year)

g(t) = g; = LWR installation rate (Equatiop (6)) (Gwe/year)

| kj = End of improvement period j (j = 1,3)

AB = Minimum lifetime for backfitting to be possible (years)

AR = Reactor lifetime (years)

kj = (i) value at points Tes Ty and T, (Figure 7)

A = Lag time between LWR purchase and startup (years)

0 = Average fraction of lag time that passes before half the plant

1s paid for

The total R&D cost for LWR's (XLWR) in all three improvement periods of
Figure 7 then becomes
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9

- X

9 6 - cqq
(10°%) _ 10" Kwe 10 “ billions
xR = L X ¥Rty Roptiay Hg, IIAR = 3 15 9
where each of the terms is evaluated as follows:
B i 1yt ( )} d (942)
Xyq = {g.[f. ,+f. +f. y.is (1.04F_ g/2)} dx 944
T iZix+aB-ar - 1,2 71,3 7,47 7i'Fc c
or
X].| = 0.0 when the first improvement (Period (1), F{gure (7)), is not backfit-
able.
- N :
Xy, = 1F°$§1x g5 [F5 o*fy 3+F; 4 y7(1.0+F AL1.0- 51)) .dx (94b)
i§-1 [f; 3*f5 4] (1.0+f g/2)} d (94¢)
X9 = {g.[f., ,*f. Yo i 0+ B X c
or .
21 = 0.0 when the second improvement (Period (2), Figure (7)), is not backfit-
able.
[ N ‘.
Xpp = 1chziy gi[fi,3+fi,4] y2(1.0+fcx[1.0 -01)) dx | (94d)
bk o[, ] (1.04_8/2)} | (gde)
X, = {9.[f. A1 yo it (1.04F_g/2)} dx gde
31 %=1Z+AB-AR i-'i,47 73 'Fc c _
or
X31 = 0.0 when the third improvement (Period (3), Figure (7)), is not backfit-
able. : ,
» N (]
Xy, = 1FC(1Z:1_Z g; 5 493 (1.0+4a 1.0 - 01)) dx (94f)
where:
ix = 1 value at T, (Figure 7)
g, = Rate of LWR installation (Equations (5) and (6)) (%ie-
i - Fuel usage factor (calculated in Section III)
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y. = LWR development cost (Equation (93)) ($/Kwe)

1;c = Fixed charge rate on backfits (years'])

fc‘ = Fractional interest rate during construction

8 = Time required to install backfitted changes (years)

e = Plant fixed charge rate (years’1)

A = Lag time between LWR purchase and startup (years)

o = Average fraction of lag time which passes before half the plant
is paid for ‘ :

AB = Minimum 1ifetime remaining for backfitting to be feasible (gears)

AR = Reactor lifetime (years)

iy = i value at 'T_y (Figure 7)

iz = i value at Tz (Figuée 7)

The total cost of research and development, (CRD), is defined as the total
NASAP R&D cost plus the total LWR R&D cost. Therefore, the total R&D cost
is simply the sum of Equations (85) and (94):

+ X

_; CRD XLWR D ($) (95)

Model 2
NASAP Plants

The basic assumptions of Model 1 are retained; i.e., the cost of research
and development is spread over all NASAP choice plants sold. It is’also as-
sumed that there are no taxes and that the discount rate remains low, corres-
ponding to government financing of all R&D.

The NASAP R&D contribution to NASAP power cost (“NAS) is determined:

T

N
; Rd(t)e(t) dt
_ 00 mills
“NAS = T iR $ (Takve)  (96)
-3 6 Kwe' hr
! Nyas (E)E(t) dt nyae 1077 o 107 o 8677 T2
00
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The integrals of Equation (96) are approximated as follows:

T

I, = o d(t)e(t) dt

Too '

t1.+1/2-TB t1-1/2-TB
4; L) - () ]

N i 1.+rD 1.+rD
Id =) { ( ) : (97)

i=1 In

where

di = Fraction of NASAP deve1opment dollars spent in each of the N years

[T00 N] such that z] = 1.0

i

*D = Discount rate
TB = Base yéar for all costs, i.e. (1978) (calendar year)

TN+AR
1= N Mgg(0e(e) ae

00 ‘
t, +1/2-T -1/2-T
Nype 5 L) AR ]
N+aR "NAS,i 1. +r - ],+rD
=L 1 } (98)
i=1 . ]n(_l r )
where:

Nyas i = the number of NASAP reactor on line at time (ti) (Equations (8),
(8a)) (Gwe) ' '

and ry,T, are defined in Equation (97).

Substituting Equations (97) and (98) back into Equation (96) gives:

_ RId | mills
“NAS ™ T Tinpg 8766 103 (Rahre) (99)
The total NASAP development cost (XD) then becomes:
eqq e . N+AR .
caq s _ (R 1Id -9 billions
XD(b1111ons) = (—T;-J (10 :"7§—"_) §=] NNAS,i (#) (100)
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R&D costs as defined in Equation (79) (dollars)

R =

Id = Equation (97)

IS = Equation (98)

NNAS,i = Equations (8) and (8a) (Gwe)
LWR Plants

The basic assumptions of Model 1 are retained, i.e., amounts A, B and C
(dollars) are R&D costs at times Tx, T., and Tz’ respectively, and are dis-
bursed at tractional rates of o(t), b(t), and c(t), Figure (7). The discount
rate(rD)is applied to the development monies and it is assumed that there are
no income tax charges.

The general equation of income and outgo for each of the improvement periods
of (Figure (7)), becomes:

t-tg ‘ Ty*eR T -1 t-Tg
Mg, (R dt = agmethy 1000 ny sl
> D : T T, +aB-aR 1 D
00 K. k
TytaR t-TB ‘
sy ) dt (101)
T T Ny ,27\ +Y‘D
K. k.
N J
The integrals of Equation (101) are approximated as follows:
TN (t-TB) (year
Iq(j) = {_ q'i 2 (-l +l" ) dt . y
00
t441/2-Ty t;=1/2-T, -(102)
1.0 1.0 ) ]
N ,J [('l ) - (]""'D .
= Z‘
i-1 In (] - )
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(i) e ( - ) (e )t-TB (Gwe)
I (j)=17rs {(s }dt we
v T T +aB-aR 102 T *”
ks K
t,+1/2-T, t.-1/2-Tg
(L0 - L0y
N+ R kj-1 T.+r, T.#r, .
=7 {0 . ng pll—— — 1} (103)
1—kj £=k;+aB-oR ]n(TT:FE)
IW(J) = _{_ {(4' ni,z)(m'a) } dt wg
k; ks :
o t,+1/2-T, t,-1/2-Tg
NHOR Ty - g +rD)
T=ky Lk, In (1 i )

where Ny p T the number of LWR's started in year (&) that are still operative
in year (i).

0 when £< (i - aR)

n: p =
1.t = 9, when £>(i - AR)

(Gwe/year) . ' (105)

Equations (102), (103), and (104) are substituted back into Equations (101),
solving for (w ). Equation (106) then gives the -LWR development contribu-

tions to LWR power cost for each of the three improvement periods (Figure 7).

1,(3) mills.
3

$ [ ]
L ﬁ;ﬁjd(los Kwe)(8766 DS (hy () + (3) kuhre™ (106)

wyr(d) =
10 Gwe

The total LWR research and development cost (XLwR) (billions $) is computed
as follows: ' '

‘ 3 .
-9 billions Q,1,(3) N+AR i
X .m = (10 ) {—eld ( [y
W $ . . . . n;
LUR J=1 »hJ Iv(J) * IW(J) i=kj £=kj 1.2
+h, )97 n: ,1)} $
J £=k ;+4B-AR 1.2 : (+)
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VI.

Qj = Total deve]dpment costs for each period (i.e., A, B, C do11§rs)
(3=1,3) (9)

Io(5) = Calculated (Equation (102)) ' (years)

h. - 1: Change for given period is backfitable

J 0: Change for given period is not backfitable

Iv(j) = Calculated (Equation (103)) (Gwe)

Iw(j) = Calculated (Equation (104)) (Gwe)

kj - = ix, iy, iz for j = 1,2 and 3. (Figure 7)

AR = Reactor lifetime (years)

.”i ¢ = Number of reactors started in year (£) that are still operational
in year (i) (Equation (105)) (Gwe/year)

AB = Minimum lifetime for backfitting to be possible (years)

The total cost of research and deveTopment (CRD) is again defined as the total
NASAP R&D cost plus the total LWR R&D cost. Therefore, the total R&D cost
is simply the sum of Equations (100) and (107).

Con = X

RD = *Lwr * %p ($) (108)

"Fuel Cost Contribution To Power Cost

The fuel cycle cost for the combination of LWR and NASAP choice reactors is
determined for the time increment of TI through TN’ Figure 1. It is assumed
that the fuel cycle cost of an LWR in each of the four fuel cycles (original
plus three imprement periods, Figure (2)), plus the corresponding regional
fractions of that cost due to U308 cost are known.

Fraction Of Cost

_ Fuel Cycle Region Cost (Mills/kwhre) Due To U398 Cost

1 K] X
2 K Xa
3 K3 x3
4 K4 x4

The fuel cycle cost of LWR's in each of the four fuel cycle regions is
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= - . mills :
FKJ- (t) = ijjw(t) + (1 xJ-)KJ- (3 =1.4) (gwre) . (109)
From Equation (109), the average fuel cycle cost of an LKR started up in year
(ti) in region (j) can be determined.

(Ae)y 5 = Ks (1.0 + x4 [uy 5 = 1.00) (%}%3) | (110)

i

The lifetime éverage fuel cycle cost (LAF) of each LWR started up in region
(j) at time (ti) is

nou
Er—
4
=

4 o
b = L (i (Rifrs) an)

The total fuel cycle cost of all LWR's started up through year TN(CA1) can
then be evaluated as follows:

N4
Car = 1.2] [‘gij; (Aedi,s Fi,33 (npwr 4R) Uy ($) (112)

where U, equals a units conversion factor

hr ke

6 Kwe -3
) 10 Twe 10 TS 8766 r
Uy 5 4 (112a)
107 $/billion

The cost of the fué1 cycle through the base year for all cost calculations
(TB)(CAZ) is determined

iB

where

X; j = fraction of LWR cost due to U308 cost

K = fuel cycle cost (mills/Kwhre)

w(t)' = normalized fuel cost

uj j = average fuel cost for reactor (Equation (77))

fi j = fuel usage factor (Section III)

9; = LWR installation rate (Equations (5) and (6)) (Sg:r)
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hre

"WR - LWR capacity factor over lifetime AR (FF—

AR = reactor lifetime (years)

TB = base year for all cost calculations (calendar year)
t = time

Similarly, the average cost of the NASAP choice fuel cycle (AK) is determined
i

[+0R
(Ay); = A—}{—t{ b(t) dt (114)
(Aydy = z%'kizAR-] EE';'E£11 (i=1,N) (114a)
and |
(A); = K* {10 + ¢, T(A)); = 1014 (i=1,N) (IS (115)

Then the total NASAP fuel cycle cost (CA3) is evaluated as follows:

N ]
where:
AR = reactor lifetime (years)
p(t) = normalized fuel cost
K* = fuel cycle cost.of NASAP choice reactor (mills/Kwhre)
CH = fraction of NASAP fuel cost due to U308
ry = NASAP choice installation rate (Equation 2) (Gwe/year)
n = NASAP choice capacity factor over lifetime AR (EES
NAS | hr

Using Equations (112), (113) and (116), the total fuel cycle cost (C

Fe) 1
evaluated.
Cec = Car - Caz * Cas () (117)
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VII. Plant Capital Cost Contribution To Power Cost

The capital cost of LWR's is assumed to be a known function, ¢(t), normalized
B and the learning curve effect is ignored. The éapita] cost
of the NASAP choice reactor is also assumed to be a known function e(t) times
a learning curve function LN. The function 8(t) is normalized to 1.0 in year
TB and the 1earning curve function is normalized to 1.0 when the first plant
is built, Figure 8.

to 1.0 in year T

The modifications of the LWR's that are required at times TX’ TY and TZ to
achieve better fuel economy are assumed to be made instantaneously in years
TX’ TY and TZ‘ -The capital cost increments associated with these modifica~-
tions are assumed to incorporate the learning curve effect. A1l capital costs
are expressed in year To dollars. A1l LWR's are assumed to be backfitted
with the new technology.

1.0

Normalized Cost

Too TB TIME ~

FIGURE 8

The total LWR cost dis then computed in each of the three fuel periods (Figure
8) as follows: ’

- ‘ o0 Kwe .,-9 billions
Bey [B1 +B, t+By +B, t By + By + B7][AR 10 G 10 —5——] ($) (118)

where each of the terms of Equation (118) is defined as follows:
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¢l

, (94 G #(8) Tge)  (118a)
ix=1 , :
] s 1
{iZiXMB-AR %lfi,2 * Fia ¥ Fi 4l 5, et & (118b)
" or

0.0 if the change occurring at time TX (years) is not backfittable.

N
{ige 121 9y [fi,z tfiat gl 6C1} dx (118c)
iy-1 C 1 s -
{ g.[f. 5 + f. 86 it~} dx
1Z1y*AB-AR 159,30 .47 70 TFC
or (118d)

0.0 if the change occurring at time.TY (years) is not backfittable.

N ,
{icn ) g, [f, o+ f. ,] 6.1} dx (118e)
FC f=iy | 1,3 i,4 | C2
T Vi) dx (118f)
| g. F. . &b il.) dx 118f
=iz+aB-aR | 124 C3 FC
or

0.0 if the change occurring at time TZ (years) is not backfittable.

Trc P (g; f1’4 6C3) dx _ (118q)

= rate of LWR installation (Equations (5) and (6)) (Gwe/year)
= LWR original plant cost for all plants ($/Kwe)

= normalized LWR capital cost function

= plant fixed charge rate (year'1)

= fuel usage factor for period (j) at time (i) (Section III)

= new plant capital cost adder for period (j) ($/Kwe)
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backfit plant capital cost adder for period (j) ($/Kwe)

8 =
3
itc = fixed charge rate on backfit plants (year']) :
AR = reactor lifetime
dé ‘= backfit 5& = backfit 6& = backfit
1 2 . 3
'GC = new plant GC = new plant ac = new plant
1 2 3
Period 1 Period 2 Period 3
—j§ =1 adl) j=2 > |+ j=3——
Tx TY TZ TN
| ) ) J
i=ix i=iy - i=iz i=N

— TIME ——

FIGURE 9

NOTE: The capital cost adder S¢ for new plants should be zero if the capi-
tal cost function ¢(t) codtains the effect of new ore-saving capital.

The capital cost of LWR's built through year TB (BCZ) is also computed.

iB -
- ; 6 Kwe ,,-9 billions
Bey = (L] g; Cy 6(t)-dx)(aR i )(10° E= 1077 2==202)  ($)  (119)

~ The NASAP choice cost is C; ($/Xwe) for the first plant built. This cost is
multiplied by the capital cost function e(t), normalized to 1.0 in year Tgs
and also by the learning curve (Lc) which is expressed as

g

wn (1.0 - a?)
. e (2.0)
(N¥)

Le = max< an (1.0 - o) (120)

o
K(N;*.) tn 12.0)

The number of NASAP choice reactors in existence to time (ti) is (NNAS)i’
defined in Equations (8) and (8a). The number of NASAP choice reactors
built through time (ti) is (N?) and is calculated as follows.
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VIII.

1.
NF=) rodx i=T1,N (121)
J

The NASAP choice capital cost (BCB) is then determined to be:

N e
- . 6 Kwe ,~-9 billions
Beg = f1Z=] ry [CF o(t) LT dx [aR 1 J10° = 1077 =11 ($) (122)

Using Equations (118), (119) and (123), the total capital cost, (CCAP)’
(LWR plus NASAP), after year T

B is determined.

Ceap = Bc1 = B2 * Bea ($) (123) -
where

af = learning curve characterization parameter 1

a§ = learning curve characterization parameter 2

re = NASAP choice installation rate (Equation 2) (Gwe/year)

C* = NASAP choice cost for one plant ($/Kwe)

6(t) = normalized NASAP capital cost function

Lc = learning curve factor

AR = reactor lifetime (years)

Operation And Maintenance Cost Contribution To Power Cost

It is assumed that both the LWR plants and the NASAP choice reactor opera-
tion and maintenance costs (YLWR and YNASAP® respectively) are known. The
operation and maintenance contribution to the power cost is then evaluated
as follows. '

The cost of LWR operation and maintenance (COM)L is
N
(COM)L = [(gm] gi nLWR YLWR AR) dX] UN ($) (124)
The cost of LWR operation and maintenance through year TB(COM)LB is

iB
(COM)LB = {[§=1 gi (TB - ti)] anR YLWR dx} UN ($) (]25)

The NASAP cost of operation and maintenance (COM)N is
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IX.

OM {(z ri nNAs YNAS AR) dx} UN ($) ‘ ., (]26)

‘The total cost of operation and maintenance (COM) is then determ1ned by com-
b1n1ng Equations (124), (125) and (126) as follows:

COM (COM) ( OM)LB + (COM)N - ($) : ' (127)
where

9; = rate of LWR installation (Equations (5) and (6)) (Gwe/yeér)

"WR LWR capacity factor over lifetime AR (hre/hr)

YTLWR - LWR operation and maintenance cost (mi1ls/Kwhre)

AR = reactor 1ifet1meh(yeérs) ‘

TB .= base year for all cost calculations (calendar year)

' t; = time (years)

rs = NASAP installation rate (Equation (2)) (Gwe/year).

NAS NASAP capacity factor over lifetime AR (hre/hr)

TNAS T NASAP operatién and maintenance cost (mills/Kwhre) \

Uy = unit conversion factor (Equation (112a))
Toté] Cost

The final, total cost of LWR plants and NASAP choice reactors through year TN
is defined as the summation of all calculated cost contributary factors; i.e.,
research and development, fuel, capital cost and operation and maintenance.

: This total cost is‘eva1uated as follows:

Te = Crp * Cpc * Ceap * Com - ($) (128)
where
' CRD = research and development costs. (Equation (108))
Crc = total fuel cycle cost (Equation 117))
Copp = total NASAP and LWR capital cost (Equation (123))
COM = total NASAP plus LWR operation ahd maintenance cost (Equation

(128)) 4
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X.

XI.

Summary

The NASAP computer code was developed expeditiously with the single objective
of performing the necessary calculations required to compute each of the cost
contributary factors and the total LWR and NASAP choice reactor cost. In
some cases, models were developed and/or modified as the program was being
constructed. Consequently, little attention was given to input and output
formats. Descriptive titles have not been given to input and all output
quantities edited. However, the program was validated and verified by hand
calculations as presenfed in Section XIII of this report.

The input data is read and edited using the FORTRAN NAMELIST procedure fol=-
10Wing variable initialization. Provisions have been made for processing
multiple problems, i.e., the "stacking" of cases. Input procedures are dis-
cussed in detail in Section XI of this report.

The program restrictions are: 1) all input quantities must be supplied for
the initial case, 2) the maximum-number of time (year) entries is limited
such that (N + AR + 1) must be equal to or less than 200 (where N is the num-
ber of the time entry for the year in which the last reacto} will be started
up and AR is reactor lifetime), and 3) all table input quantities are limited
to a minimum of 2 entries and a maximum of 200 entries.

The cost contributary calculations are performed in the order of their docu=
mentation in this report.

Output quantities are edited at calculation time. Cumulative data is edited
when appropriate. The specifics of the output editing are discussed in

Section XII of this report.

The verification data, i.e., results of hand calculations as performed by
Mr P. Wyatt are provided in Section XIII of this report. ‘

Model development documentation is not available. '

Input Description

Input data is provided to the NASAP computer program using the FORTRAN NAMELIST
procedure. NAMELIST provides a means of supplying input variables, groups
of variables and arrays with an identifying name without format specifications,
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Data items succeeding the $INPUT group name input card are read until another
$ is encountered. Blank spaces cannot occur between the $ and the group name
INPUT or within array or variable names. Blank spaces may be freely used
elsewhere within the input data string. Column one of every data card. is
ignored and all input data cards should end with a constant followed by a -
comma; however, the last input card may be terminated by a $ without the final
comma. Data items separated by commas may be in any one of the following
three forms:

-variable = constant

array name = constant, constant, ----- , constant

array name (unsigned integer constant subscripts) = constant,-----
e.g., array name XARRAY, subscripts 1,2 would be entered as
XARRAY (1,2) = constant.

A constant is any fixed quanitity, i.e., input value. There are two types
of constants used as input to the NASAP computer code. They are:

1) Integers - An integer constant is a digit or string of digits written

without a decimal point., Integer numbers may not contain a comma.
Examples of valid integer constants follow:

1, 10, 100, 4500

a decimal point or an exponent, or. both. An exponent is designated by
the letter E followed by an integer constant indicating the power of

ten by which the number will be multiplied. If the letter E is present,
the integer constant following the E must also be present. The sign
may be omitted if the exponent is positive but must be included when the
‘exponent is negative. Decimal numbers may not contain a comma.

Examples of valid decimal constants are:

7.5, -3.22, +4000., 12345.67, .5, 0.05, 42.E1,
700.E-2, 8.0E+6, 8.0E06, 8.0E6

- Omitting a constant constitutes a fatal error. Constants can be preceded by
a repetition factor desianated by an asterisk, e,q,: 5 values of 1.0 would
be written 5%(1.0). The constants 1.7, 1.5, 1.7, 1.5 could be written as
2%(1.7, 1.5). | ‘ |
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When processing multiple problems, i.e., "stacking" cases, only those vari-
ables that are being changed must be specified. A1l unspecified data will
remain as previously defined. Variables need not be in the order deéignated
on the input parameter list, Table 2.

The input data deck structure is given in Table 1. ,Card type 1 is an op-
tional card. Card type 3, containing the input variables as described in
Table 2, is repeated until all variables have been defined. Each input case
must begin with card type 2 and is terminated by card type 4.

TABLE 1
INPUT DATA DECK STRUCTURE

Card Type Card Columns Required Data Description
1 2-80 Optional title card. May be
o vind Lted.
2 2-7 $INPUT Data group identifier
3 3-80 See Table 2 Input data parameters
4 2-5 ) $ENU Case 1 terminator
1 2-80 Optional title card. May be
: omitted.
) 2 2-7 SINPUT Data group identifier
* 4 (optional)
3 ~ 3-80 See Table 2 Input data parameters (op-
tional)
4 2-5 $END Case 2 terminator
Last.Card 2:5 $EﬁD Final ca;e terminator

* Card types 1 through 4 are repeated for each case. Case stacking is optional.

Table 2 presents the required NASAP input parameters. The program symbol 1is
the identifying name required by the program as input. The engineering sym-
bols are provided for cross-referencing.

Input variables can be entered in any order, i.e., do.not have to be speci-
fied in the order given in Table 2.
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TABLE 2

NASAP INPUT PARAMETER DEFINITIONS

‘ Input  Max. No.
Engineering Program Entries  Numeric -
Symbo1 Symbol Per Case Format Definition Units
AT DTR 1 Decimal Time required to perform Years
RD ,
R&D
AT DTC 1 Decimal Lead plant construction Years
c : ,
time
ATo DTQ 1 Decimal Lead plant operation time Years
ATa DTA 1 Decimal Acceleration time Years
TI 0 1 Decimal Reference starting year Calendar
for NASAP deployment Year
t. T 200 Decimal Time (N+AR entries) Calendar
i I y
: ear
a; A 200 Decimal Net nuclear growth rate Gwe/year
(N+AR entries)
rs R 200 Decimal NASAP choice installation Gwe/year
‘ rate (N+aR entries)
N . N 1 Integer Number of years during ce——em——a
which reactors will be
started up. Total prob-
lem time frame is 1 to
(N+aR) entries.
T TOP 1 Decimal Base reference year Calendar
00 : y
ear
AR ‘DR 1 Decimal Reactor lifetime Years
T, TX 1 Decimal End of im rovement Calendar
period 1 Too’ Tx] Year
T TY 1 Decimal End of improvement Calendar
y period 2 [T, T.] " Year
Xy
T TZ 1 Decimal End of improvement Calendar
z period 3 ET , T.] Year
y> 'z .
ix IX 1 Integer Value of counter (i) at — ===eew--
time T '
_ X
iy IV 1 Integer Value of counter (i) at  =m=-==n=
time T
y
iz 1Z 1 Integer Value of counter (i) at  ====-=--
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TABLE 2 (CONTINUED)

NASAP INPUT PARAMETER DEFINITIONS

Input Max. No.
Engineering Program Entries  Numeric
Symbo1 Symbo1 Per Case Format Definition Units
Ao DETP 1 Decimal Reference lifetime Years
"o ETAQ 1 Decimal Reference capacity factor hre/hr
"LWR ETALWR 1 Decimal LWR capacity factor over hre/hre
‘ lifetime AR
"NAS ETANAS 1 Decimal NASAP choice capacity hre/hr
factor over lifetime AR
M% TONS 200 Decimal Ore (U3 8) mined (M en- Tons
tries)
! CPST 200 Decimal Cost of ore mining (M en- $/1bm
1 tries)
M M 1 Integer Number of entries in ore -e==ec---
mined vs. cost table
- BKFTX 1 Decimal = 1. Change at T is back=- -ewmee--
f1ttab1e
= (0. Change at T, is not ~==ec=---
backfittab]e
- BKFTY 1 Decimal =1. Change at T is backe =~=~ea<es
fittable y
=0, Change at T, is not = ==cecv~--
backfittable
- BKFTZ 1 Decimal =1. Change at T is backe ====eco-
fittable
"=0, Change at T_ is not  ~==we=--
backfittable ?
GC DELCX 1 Decimal New plant capital cost $/Kwe
1 adder for region 1 at T
8¢ DELCY 1 Decimal New plant capital cost $/ Kwe
2 adder for region 2 at Ty
8¢ DELCZ 1 Decimal New plant capital cost $/Kwe
3 adder for region 3 at Tz
6& DELCXP 1 Decimal Backfit plant capital cost $/Kwe
1 adder for region 1 at Tx
8¢ DELCYP 1 Decimal Backfit plant capital cost $/Kwe
2 . adder for region 2 at Ty
5&3 DELCZP 1 Decimal Backfit plant capital cost $/Kwe
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TABLE 2 (CONTINUED)
NASAP INPUT PARAMETER DEFINITIONS

Input Max. No.
Engineering  Program Entries  Numeric

Symbol Symbol  Per Case Format Definition Units
U§°) up1 1 Decimal Fuel available for LWR Short-
SR _ lifetime ~ period 1 Tons/Gwe
Uéo) ug2 1 Decimal Fuel available for LWR Short-~
lifetime - period 2 Tons/Gwe
u§°‘) Ug3 1 Decimal Fuel available for LWR  Short-
_ lifetime - period 3 Tons/Gwe
u{e) up4 1 . Decimal Fuel available for LWR * Short-
o lifetime - period 4 Tons/Gwe
U, up 1 Decimal Fuel available for NASAP  Short-
choice lifetime Tons/Gwe
RuINu RMINW 1 Decimal Minimum R&D cost ' $
vy NU1 1 Decimal Fraction of R&D $ t0 = ememee--
agent 1
vy NU2 1 Decimal Fraction of R&D $ to S
V agent 2
vy NU3 1 Decimal Fraction of R&D § to S
agent 3
Vg NU4 1 Decimal Fraction of R&D $ to =  ==ccee--
government supervision
F1 PLF1 1 Decimal R&D overlap. factor for  ecemmee--
_ agent 1 .
F2 PLF2 1 Decimal R&D overlap factor for “—eeme———
: ' agent 2
F3 PLF3 1 : becima] R&D overlap factor for = «e-ece--
agent 3
F4 PLF4 -1 Decimal R&D overlap factor .for = ==c-e---
agent 4
E E 1 Decimal First time engineering = §
cost for one vendor
i%c FCIP 1  Decimal Fixed charge rate on year'1
_ : backfits
& Al 200 . Decimal Fractionalkdisbursement --------
rate at N
T ‘v .a- = ].0
X §=] i
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TABLE 2 (CONTINUED)

NASAP INPUT PARAMETER DEFINITIONS

Input Max. No.
Engineering Program Entries Numeric
Symbol Symbol  Per Case Format Definition Units
bi BI 200 Decimal Fractional disbursement  ===ce=--
rate at N
T.) b, =1.0
Y 1Z=1 !
Cy CI 200 Decimal Fractional disbursement — ===ec=---
rate at N
Tz‘.IZH]Ci = ].O
A TLAMBA 1 Decimal Lag time between LWR pur- Years
chase and startup
A CAPA 1 Decimal LWR development cost at  §
TX-
B CAPB 1 Decimal LWR development cost at  §
T .
y
C CAPCC 1 Decimal LWR development cost at  §
Tz
R BETA 1 Decimal Time required to install Years
backfitted changes
AB DTB 1 Decimal Minimum 1ifetime avail- Years
able for backfit
d; DI 200 Decimal Fraction of NASAP $§ spent ====~---
in each of N years
iFC FCI 1 Decimal Plant fixed charge rate - ====----
o RDIS 1 Decimal Discount rate for govern- =e=-w----
ment finance
iu CRI 1 Decimal Interest rate during cons ee=e=c--
struction
A% TLAG 1 Decimal Lag time between NASAP Years
purchase and startup
p RHP 1 Decimal Average fraction of lag  ======--
time passing before half
the plant is paid for
TB T8 1 Decimal Base year for all cost Calendar
calculations year
Ky REG 1 Decimal LWR fuel cycle cost - Mills/
Region 1 Kwhre
K? REG2 1 Decimal LWR fuel cycle cost - Mills/
- Region 2 Kwhre
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TABLE 2 (CONTINUED)

NASAP INPUT PARAMETER DEFINITIONS

Input Max. No.

Engineering Program Entries  Numeric
Symbo1 Symbol  Per Case Format Definition Units
Ky REG3 1 Decimal LWR fuel cycle cost - Mills/
Region 3 Kwhre
Kq REG4 1 Decimal LWR fuel cycle cost - Mills/
Regiaon 4 Kwhre
Xq X1 1 Decimal Fraction of K, cost due  ~-=--=--
to U308 cost - Region 1
X2 X2 1 Decimal Fraction of K2 cost due  <emccw--
to U3O8 cost = Region 2
X3 X3 1 Decimal Fraction of K3 cost due  ememee--
to U308 cost = Region 3
X X4 1 Decimal Fraction of K4 cost due  =me=m=e--
to U308 cost - Region 4
K* STARK 1 \ Decimal NASAP choice reactor fuel Mills/
‘ cycle cost Kwhre
CH CHI 1 Decimal Fraction of K* cost due  «===ee--
' to U,0, cost
. 378
Co, co 1 Decimal LWR original plant cost $/Kwe
Cc* CASTAR 1 Decimal NASAP choice cost for one $/Kwe
o .
plant
o(t) PHI 200 Decimal Capital cost curve (N+AR  —==-=ca-
: entries) for LWR's nor-
malized to 1.0 in year TB
8(t) THETA 200 Decimal Capital cost curve for = e-eceeec--
NASAP choice reactors nor-
malized to 1.0 in year TB
(N+aR entries)
af HALF 1 Decimal Characterization parameter e-w-=---
one for NASAP choice reac-
tors learning curve
qg SIGMA 1 .Decimal Characterization parameter --------
two for NASAP choice reac-
tors learning curve
YLUR GAMMA 1 Decimal LWR operation and main- Mills/
' tenance cost Kwhre
YHAS GAMMAS 1 Decimal NASAP operation and main- Mills/
. Kwhre
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TABLE 2 (CONTINUED)

NASAP INPUT PARAMETER DEFINITIONS ’

Input Max. No.
Engineering Program Entries Numeric

Symbol - Symbol Per Case Format Definition Units
----- IRD 1 Integer =1. Use Model 2 for R&D —mme————
calculations.
=0, Use Model 1 for R&D  -ce=w---
calculations :

 Table Input

Reactor lifetime is defined as AR years. A reactor started up in year TN will
then have a tota1 lifetime existence of (TN + AR) years. Thus, the maximum
required time scale for any given problem will always be (N + AR) years. For
this reason, the time entries (TI), the net nuclear growth rate (A), the

NASAP choice installation rate (R), the LWR capital cost curve data (PHI), and
the NASAP capital cost curve data (THETA) must each contain exactly (N + aR)
entries. ‘

The number of entries in the ore mined versus cost of mining table, [TONS,
COST] is dependent upon the available data and the number of entries required
to adequately represent the data. There is no calculatable relationship be-
tween the number of entries in this table and the time frame of the problem;
therefore, the number of entries must be specified. The specification of the
number of entries in the table is made via the variable M. Exactly M values
of (TONS) and (COST) must be entered. '

The fractional disbursement rates (AI), (BI), and (CI) are applied over time
intervals [Too’ Tx], [TX, Ty]’ and [Ty’ TZ] respectively. Zero disbur;ement
is allowed in any year or series of years. The restrictions applied to these
data points are:

1) The rates must collectively apply over the time frame of Tob through Tz’
Figure 6, and ' '

2) the summation of each of the rates must equal 1.0; i.e.,



Case Stacking

Case stacking is the sequential running of multiple problems and is controlled
in the NASAP computer program by the presence or absence of input data cards.
Each case begins with a $INPUT card, card type 2 of Table 1 and is terminated
by a $END card, card type 4 of Table 1. Only those parameters being changed
must be entered beyond the first case input. All variables not re-entered

as input data for subsequent cases will remain as defined in the preceeding
case.

XII. OQutput Description

Following the printing of the title card, where the optional title card in-
put is specified, the input parameters are edited in NAMELIST form. All
variables are initialized to zero; therefore, any variables not specifically
assigned a value via the input specification for at least the first case of
a series of cases, will remain zero. A1l input will be arranged and edited
in the order in which the program uses them; i.e., the NAMELIST order as
specified in Table 2.

Scheduling And Plant Installation

The time required to construct the lead plant, (ATC), the time required to
accelera;e to equal the full nuclear installation rate, (ATa), and the cal-
culated reference installation rate, (ATRI) are edited as construction time,
acceleration time and reference installation rate, respectively, followed

by the maximum number of LWR's ever on line from time T00 to TN. The follow-
ing variables are then edited in table form:

1) the counter (i), designated as I

2) the time (ti) as T(I) A

3) the net nuclear growth rate (ai) as A(I)

4) the NASAP choice installation rate (ri) as R(I)

5) the LWR retirement rate (gi) as G(I)

6) the maximum number of LWR's ever on line from time T00 to TN’ as NLwR(I)

and, .
7) the maximum number of NASAP choice plants ever on line from time T00 to

TN, as NNAS(I).
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Since these quantities apply over the reactor total lifetime existence, the
time scale varies from 1 to N + AR,

U3Q8 Utilization

The fuel committed to any date (ti) is edited as H(I) algng with the counter
(i) as I, the time (ti) as (TI(I)) and the fuel required by an LWR started

up in year (ti) as U(I). These values are relevant only over the time period
of reactor startups and are, therefore, only edited over the time frame of
one to N years. This table is followed by the dates when 2.6 x 10 and -

5.4 x 106 short tons of fuel are required, respectively.

The calculated fractional fuel usages for each of the four fuel regions make
up the next edit for times one through N and are labeled F(1,I), F(2,I),
F(3,1), and F(4,I). Note that the calculated fractional fuel usage summed
over the four regions at any given time must always equal 1.0,

Following the periodic fuel usage edit, the fuel available for the LWR Tife-
time in each of the four fuel regions is edited as U(1,I), U(2,I), U(3,I),
and U(4,1).over the time frame of one to (N + 4AR) years. The lower and
upper boundaries of each fuel region are then edited for times one through

N as a function of counter (i) as I and time (ti) as T(I). The lower boun-
dary edits are labeled I, T(I), TL(1,I), TL(2,I), TL(3,I), and TL(4,I). The
upper boundary edits are labeled T, T(I), TU(1,I), TU(2,I), Tu(3,I), and
TU(4,1). Thus, the fuel region associated with each year of the problem
through N years is defined.

U.0, Cost Increase Factors
™ W

The fuel used by all plants (NASAP choice plus LWR), up through year (rK)
is edited as a function of time (rK). This output is well labeled and has
column headings of M(K) and TAU(K).

The next cost output is the edit of the fuel price corresponding to time
(rK) which has column headings of K, TAU(K) and PSI(K) for the index value,
the time and the price, respectively. '

The final edit in this section is of the average cost values for reactors
started up in year (rK). The index K, the time TAU(K), the average cost,
AVG. C@ST, and the fuel region number are given,
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A1l output edits for this section are self-explanatory.

Research And Development Cost

Regardless of the research and development model chosen, the following edits

are performed:

1) The cost associated with each of the three vendors (printed as VENDOR A,
VENDOR B and VENDOR C), and with government supervision..

2) The total first time engineering cost.

3) The contribution of R&D to the NASAP choice reactor cost. This quantity
is given as a total and as a cumulative cost from the base reference
year (Too) through year (TN).

R&D Model 1

The variab]es " A (1-p) + TB and v = g/2 + TB as used in the general equa-
tion of income and outgo (Equation (89)), are printed as TAUQ and UQ. Then
for further verification purposes, the integréls of the general equation of
income and outgo.(Equations (90) through (92)) are printed for each of the

. three improvement fegions. Region one is eliminated since it represents

the original development period and not an improvement period, Figure 7.
These integrals are represented as IQ(K), IV(K), and IW(K) where K varies
from one to three for each of the three improvement regions.

The next edit is of the cost associated with LWR development in each of the
‘three improvement periods as given by Equation (93). The values are edited
as K for the period and as MILLS/KWHRE for the cost. '

Following this is the total cost of LWR research and development edit and
the printing of the cumulative cost of LWR R&D as a function of year through
year TN.

The total cost of R&D as defined by Equation (95) is the final edit in the
Model 1 R&D calculation section and is followed by the printing of the yearly
cumulative total cost of R&D.

R&D Model 2

The NASAP development costs are broken down in Model 2 to separately determine
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the contribution of NASAP development to NASAP power cost. This value is
edited prior to the printing of the total NASAP development cost. The
general equation of income and outgo integral approximations (Equations (102)
through (104)) are edited as IQ(K), IV(K), and IW(K) for K equal to one
through three regions. Again, the original development fuel region has been
eliminated since these data apply only to improvement regions, Figure 7

The LWR development contributions to the LWR power cost (meR(j), Equation
(106)), is edited for each of the three fuel improvement regions, both as a
total cost and as a yearly, cumulative cost. The total development cost

is then determined and printed, followed by the cumulative, yearly total
Model 2 R&D cost.

fgel Costs

The total fuel cycle cost for all LWR's started up through year TN’ the cost
B‘and the total NASAP fuel
cycle cost are edited as Al, A2 and A3, respectively. The cumulative, yearly

. of the LWR fuel cycle through the cost base year T

values for each of these variables as defined by Equations (112), (113),
(116), and (117) are also printed.

Plant Capita] Cost

The total LWR cost for the three fuel periods of Figure 8, (Equation (118)),
is edited as B1. The capital cost of LWR's built thréugh year TB and the
NASAP choice capital costs are printed as B2 and B3. The total capital cost,
NASAP plus LWR, after year TB is then determined and edited. The printed
output statement reads, "The total capital cost after year 1978 = ", since
this was the cost base year for which the program models were originally
designed and verified. However, if a year other than 1978 is input for the
variab]e‘TB, the calculated total capital cost will be based upon that year's
input rather than 1978 but the edit statement will continue to print the
year as "1978". The cumulative yearly total capital costs are given follow-
ing the total capital cost edit.

Qeerat1on And Maintenance

The total cost of operation and maintenance as given by Equation (127) is
edited both as a total value and as a cumulative, yearly cost through year
TN.
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XIIT.

Total Cost

The total cost of LWR plants and NASAP choice reactors through year TN is
the final edit performed and is given as both the total "botton line" value
and as the cumulative, yearly cost through year TN.

Verification

The NASAP computer code was verified by hand calculations independently per-
formed by Mr. P. W. Wyatt using the sample problem input and output given

in Sections XV and XVI of this report. Copies of the actual hand calcula-
tions will be maintained in accordance with accepted procedures for the
control and preservation of Westinghouse Electric Corporation computer codes.
Portions of the verification calculations are duplicated below.

Scheduling: The reference installation time is:

T 1979 + 2 + 8 +2 + 7

RI

T 1998

RI

Plants Installed, The rate of LWR installation calculations were verified

as fo11ows:
AR = 10; a(t) = g(t) - g(t = 10) + r(t) - r (t - 10) for i > AR
N =_40A

NNAS = NNAS (t = 1) +r(t) - r(t - 10)
i=3

a3~,-11°6+]"0"6

NLWR =9 +11 -6 =101

| NNAS =0+1-0-=1

i=32 - ‘ -

NLWR =101 + 14 - 10 = 105

NNAS =1+2-0=3
i = 33 . -

33 = 13-10+3-0=6
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Nyg = 105 + 13 - 10 = 108
Nypg =3 +3-0=6
i=34 1 .
3, =12-10+4-0=6
N.yg = 108 + 12 = 10 = 110
Nypg = 6 + 4 = 0 =10
i = 40 _ _
a0 = 0-10+16-0-=6
N = 95 +0 - 10 = 85
Nypg = 55 + 16 - 0 = 71
i=a a0 1.
ay =0 NM+18-1=6
Ny = 85 +0-11 =74
Nyas = 71 + 18 - 1 = 88
1=49 agg = 0 - 0+22-16 -6
NLWR =0+0-0¢=0
Nyag = 204 + 22 - 16 = 210
i =50 _ _ -
agg =0 -0 +22 - 16 = G
Nyg =0 *+0-0=0
Nyag = 210 + 22 = 16 = 216

u,0, Utilization

The pertinent input quantities

Too = 1957 Tx =
To = 1979 Ty =
TN = 1996 Tz =

for these calculations are:

1981 ix = 25
1985 iy = 29
1989 fz = 33

LWR change 1 1s not backfittable.

LWR change 2 is backfittable.

LWR change 3 is not backfittable.
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Using these data, the regional, parametric values were calculated as follows:

1957
it e <TL)1,1 max {]957 1957
ti = 1957 ] 1957 + 10, = 1967
(TU)I ] = min {
i 1981
f].1 _ max{(1967 -1957)/10 1.0
‘ 0.0
(Uo)1.1 = 6000
1957 .
(TL)2,1 = max {1958 = 1958
] 1958 + 10 = 1968
Tylg,p = mr {1985
J=11i=2
1968 - 1981)/10, = 0.0
t, = 1958 fz’] = max {6.0
(u )2,.| = 6000
For region 1 and i = 3, 15
t, = 1989, 197 ‘
(TL)i,1 =»ti = 1959, 1960, . ., 1971
(TU)1,1 = t1 + 10 = 1969, 1970, . ., 1981
foa 210
f1’2 =,fi,3 = f1’4 = 0.0
(Ug)5,0 = (Ug)s,2 = (Wgdy 3 = (Ug)y 4 = 6000.
The regional parametric values for i = 16 are:
j=131=16 . 1957
t, = 1972 (TL)16, 1" max~{1972 = 1972
_ ] 1972 + 10
(TU)16,1= min {1981 = 1981
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(1981 - 1972)/10

f = max = 0.9
161 { 0.0

j=21=16 1981
' =
ty = 1972 (TL)16,2 max 1975 1981
(1) {1972 + 10
AT =min = 1982
u’16,2 1985
. {1982 - 1981/10
f = max = 0.1
16,2 0.0
16 < 25; (1981 - 1972) < (10 - 0)
therefore:
f15,2 = 0.0
flg,q = 0.9 + 0.1 = 1.0
(Ug)yg,2 = (Uglyg,q = 6000.
j=3; i=16 ( ) {]985
- T, ). .= max = 1985
t'i 1972 L’16,3 1972
) 1972 + 10
(TU)16,3= min 08 = 1982
{(1982 - 1985)/10
ty = max = 0.0
16,3 0.0
f16,3 = 0.0
flg,7 = 1-0 + 0.0 = 1.0
(TL)w’3 = 1982
(TU)16’3 = 1982
= 6000

(U)6,3



j=4;1=16 1) {1989
- T ) = max = 1972
ti = 1972 L/16,4 1972
(TU)16,4 = (1972 + 10) = 1982
. (1982 - 1972)/10
' = =
f16,4 max 0.0 1.0
16 < 33
f16,4 = 0:0
f16,1 =1.0+ 0.0=1.0
(TL)16,4 = 1982
(TU)16’] = 1982
(Uo)16,4 = 6000
Summarizing the parametric values for i = 165 j = 1,4
(T 6,1 = 19725 (Tyhyg,q = 19823 g9 = 103 (Ughyq,q = 6000
(TL)16,2 = 1982; (TU)16,2 = 1982; fl6,2 O'O;.(Uo)16,2 = 6000
(TL)16,3 = 1982; (TU)16,3 = 1982; f16,3 = 0.0; (Uo)16,3 = 6000
(TL)16,4 = 19823 (TU)16,4 = 19823 f16,4 = 0.0; (Uo)16,4 = 6000

Hand calculations were performed in this manner, forming the following tables:
TABLE 3

Verification Data
Fractional Fuel Usage

N fin fi2 fis i
1 1.0 0.0 0.0 0.
2 1.0 0.0 0.0 0.0

19 1.0 0.0 0.0 0.0

20 0.9 | 0.0 0.1 0.0

21 0.8 ‘ 0.0 0.2 0.0

22 0.7 0.0 0.3 1 0.0
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23
24
25
26
27
28
29
30
31
32
33

50

0.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

Uo)s 1

—_— sl

6000,
6000.

6000.
6000,
6000.
6000.
6000.
6000.
£000.
6000.
6000.
6000.
6000.
6000.
6000.
6000.

TABLE 3 (CONTINUED)
Verification Data

Fractional Fuel Usage

fi2

0.0
0.0
0.4
0.3
0.2
0.1
0.0
0.0
0.0
0.0
9.0

0.0
TABLE 4

Verification Data
Fuel For I.WR Lifetime

(Ug)i 2
6000,

6000.

6000.
6000,
6000,
6000,
6000.
6000,
5500.
5500,
5500.
5500,
5500.
5500,
5500,
5500..

-5 -

0.9
1.0
1.0
1.0
1.0
9.0

0.0

0.0
0.0
0.0
0.0
0.0

(Us)i,a

6000.
6000.

6000.
6000.
5000,
5000,
5000.
5000.
5000.
5000.
5000.
5000.
5000.
5000.
5000,
5000.



TABLE 3 (CONTINUED)

Verification Data
Fuel For LWR Lifetime

i (Ug)i,1 (Ug)i,2 (Ug)i,3 (Ug)i 4
33 ~ 6000, 5500, 5000. 4500.
34 6000. 5500. 5000. 4500,
40 6000.  ‘  5500. 5000. 4500,
Py 0. 0. 0. 4500.
50 oo "o 0. 4500.

The fuel required by an LWR started up in year ti was determined and used in
the calculation of the fuel committed to that date. Examples of these cal-
culations are given below and summarized.in Table 5.

v, = u§°) fy 1 + 0.0 = 6000, (1.0) = 6000.
Hy = g5 Uy = 2 (6000) = 12000,
_ (o) (o) _ _
Upg = Up® Fpg.1 + U3°" Fpq 4 = 6000 (.9) + 5000 (.1) = 5900.
Hyg = Hyg + 97 Uyg = 336,000, + 5900 (4) = 359,600.
_ (o) _ -
Ugs = Ug®" 35 4 = 4500. (1.0) -.gsoo.
Hag = Hyg + G Ugy *+ 7ae UX = 1,131,983 + 11 (4500.) + 5 (2708.33)
Hyg = 1,195,025,
u,. = ulo) ¢ = 4500 (1.0) = 4500
45 T V4 T45.4 . .

Hys = Hpg * rgq U* = 1,682,192 + 22 (2708,33)
=1,741,775.

x
\

U* = (3000 (0.65) 10)/(8 x 0.9) = 2708.33

TABLE 5

Verification Data
LWR Fuel Reguirement

1 6000, - 12,000.
2 6000, 24,000,
3 6000, 36,000,
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20
21
22
23
24
25
26
27
28
29
30
31

32

33
34
38
36
37
38

TABLE 5 (CONTINUED)

Verification Data
LWR Fuel Requirement

Us

6000.
6000,
6000,
6000,
6000,
6000,
6000.
6000.
6000.
6000.
6000.
6000.
6000.
6000.
6000.
6000.
5900,
5800.
5700.
5600.
5500,
5200.
5150,
5100.
5050,
5000.
5000,
5000,
5000.
4500.
4500,
4500,
4500,
4500.
4500,

-~ 56 -

M
48,000.
60,000.
72,000,
84,000.
96,000.
108,000.
120,000,
144,000.
168,000.
192,000,
216,000.
240,000,
264,000,
288,000,
312,000,
336,000,
349,600,
394,400.
451,400.
507,400,
562,400.
614,400,
665,900,
716,900,
767,400,
- 817,400,
867,400,
925,108,
1,000,525,
1,067,150,
1,131,983.
1,195,025.
1,256,275,
1,313,942,

- 1,368,025.



TABLE 5 {CONTINUED)

Verification Data
LWR Fuel Requirement

39 4500. 1,411,359,
40 . 4500. | 1,454,692,
no 4500. | 1,503,442
42 4500, 1,563,025,
43 4500. 1,622,608,
44 4500, 1,682,192,
45 4500, 1,741,775,
46 4500. 1,801,358,
47 ' ' 4500, 1,860,941,
48 4500, 1,920,525,
49 4500. 1,980,108,
50 4500, 2,039,692,

U305 Cost Increase Factors

The following calculation is representative of the verification calculations

performed,
i=21 ti = t21 = 1977
k = 30 T T T30 T 1986
(TL)21,1 = 1977 (TU)Zl,l = 1985
(TL)21.2 = 1985 (TU)21.2 = 1985
‘(TL)21,3 = 1985 (TH)21.3 = 1987
(TL)21,4 = 1987 (TU)21,4 = 1987

The current usage period j; i was determined to be region 3 since 1985 <
1986 < 1987.

Thus, the fuel used by an LWR started up in year 1977 could be evaluated.

2 U)oy (u))
_ 0’21 0'21,3
Tp1,30 = §=] ( 72007 21,3 (.72)(10) + 51057 0-72 (1986 - 1985)
= 6000 (0.8) + 2990 (1) - 5300,

10
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Research & Development Costs

Model 1

The contribution of NASAP R&D to capital cost was determined using the fol-
Towing information.

> R = $562.5 x 10°
A* = 4 years
) = 0.7
rp = 0.085

The integrals of Equation (80) were approximated as follows:

t1 +1/2 - 1978 t, - 1/2 -7

: 1.0 i B
L5 a [(rrog 085) - (7588)
d _
i=23 n (] 085)
; ty d; t; +1/2-1978  t, - 1/2 - 1978 14

23 1979 n,0% 1.5 n.5s 0.046096
26 1980 0.15 . 2.5 1.5 0.127454
25 1981 0.20 3.5 2.5 0.156025
26 1982 0.20 4.5 | 3.5 0.144355
27 1983 0.25 5.5 . 4.5 0.166307
28 1984 . 0.10 6.5 5.5 0.061312

29 1985 0.05 7.5 6.5 0.028254
I1,  0.730403

t* = A% (1 - p) - Tg = 4 (1. - 0.7) + 1978 = 1979.2

Similarly, the IS integral was determined and the NASAP R&D contribution was

calculated.
CTgR (10 + feox [T - 1)
o~ 1, 10°
_ 0.730403 (1.0 + 0.1 (4) [1 - 0.7]) $562.5 x 10°
22.595613 x 10°
xp = 20.36475

e B8 -



The total NASAP development cost was then determined.

40 5 g
XD = 12::1 Y‘i XD AR 1FC 107 x 10

= 71 (20.364745)(10)(0.17)(10%)(107%)
XD = 2.458 billions

The LWR R&D costs were determined in a similar manner.

$/Kwe

$/Kwe

T A1 - p) + T = 3(1. - 0.7) + 1978, = 1978.9
no=gJ2 + TB = 0.5 + 1978 = 1978.5
i L) Y
o BT +1,..) 10°
i v(3) w(3)
6
Y, - (0.924439)(50 x 10°) _ 06511
10° (0 + 76.3647)
] 4
Y, - (2.666116)(J50 x10°)  _ 4 o425
10° (49.429474 + 46,4119
; ) .
vy - (0.495786) (100 x10%) _ , 5155

10% (22.3777)

The fotal R&D cost for LWR's was thén calculated as:

Xiw

~ The Model 2 R&D caicd]ations were similarly verified.

Plant Capital Cost

$/ Kwe

R ™ [17.4941 + 11,9314 + 20,2834 + 246319][1052] = 0.7434 bi11ions

The total .LWR cnst was evaluated for each of the three fuel periods (Figure

8).
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X1V,

Bey = [27132. + 0 + 1232.5 + 1635 + 1785 + 0 + 1530](10)(10%)(107°)
Bey = 333.145 billions
_ 6y, =9
Bep = (76)(600)(10)(0.17)(10°)(10°%)
BC2 = 77.52 billions
Bey = (193.37254)(750)(10)(0.17)(10%)(1077)
BC3 = 246.549 billions

Therefore, the total capital cost is

CCAP = 333,145 - 77.52 + 246.549 = 502,174

Operation And Maintenance

The total cost of operation and maintenance was determined to be

c

oM = 7.6054 - 11,8808 + 4,0455 = 9,7701

General Verification

The actual verification calculations performed are too lengthy to reproduce
in their entirety, However, the information provided herein is sufficient

to demonstrate that fndependent hand calculations'were performed to verify

the NASAP computer code. In all cases, exact agreement was obtained.

Nomenclature
Variable Definition Units
A LWR development cost at time Tx $
(AF)i j Average fuel cycle cost of LWR start up in year ti mills/Kwhre
(Ak)i Average fuel cycle cost of NASAP choice reactor

started up in year ti mills/Kwhre
(Au)1 Average cost of NASAP choice fuel cycle = = cccmmcmaae-
a; Net nuclear growth rate ' Gwe/year

LWR development cost at time Ty $
BC1 Capital cost of all LWR's built $
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Variable Definition Units
BC2 Capital cost of LWR's built through year TB $
Bes Capital cost of all NASAP choice reactors built $
by Fractional disbursement rate at time T.y ............
LWR development cost at time TZ $
CAl Total fuel cycle cost of all LWR's started up $
CA2 LWR fuel cycle cost through base year TB $
CA3 Total NASAP choice reactor fuel cycle cost $
CFc Total fuel cycle cost $
CH Fraction of NASAP fuel cycle cost due to U308 COSt  cmmemcccan-.
Co LWR original plant cost $/Kwe
C; NASAP choice cost for one p]anf $/Kwe
CRD Total cost of research and development $
c; Fractional disbursement rate at time TZ ------------
di NASAP capital cost disbursement rate d(t) = = = ccemeccccece-
First time engineering cost for one vendor $
Fs R&D overlap factor for agent (i) = ecceccmaeeeo
FKj(t) LWR fuel cycle cost in each region (j) mills/Kwhre
f. Interest rate during construction .
fi,j Fuel usage factor fpr fuel period (j) at time (i) = =c-eccecce--
f%’j  Intermediate calculated fuel usage factor for fuel
period (1) at time (i) mmmeammmmaa -
g; Rate of LWR installation Gwe/year
g% LWR retirement rate Gwe/year
H, Fuel committed to any date (ti) Short tons/year
hi ‘Backfit flag defined for times Tx’ Ty’ Tz ............
iB Value of counter (i) at time (TB) -,--:; ......
iFC Plant fixed charge rate Year
i;c . Fixed charge rate nn backfits Year']
iL Value of counter (i) ét time (TL)i,j ............
iU vValue of counter (i) at time (T,)), .  ccmcceeceme-

Value of counter (i) at time (TU)i ;
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Variable Definition Units
ix Value of counter (i) at time Ty  mmemmmmmmee-
iy Value of counter (i) at time TY ------------
iz Value of counter (i) at time TZ ------------
j? K Current fuel usage period = ecscccccaa--
K* Fuel cycle cost of NASAP choice reactor mills/Kwhre
Kj Fuel cost of LWR in each of 4 regions (j) mills/Kwhre
kj Values of ix, iy, iz referenced to region (j) = =  ~-ceccccomea-
LAF Lifetime average fuel cycle cost of each LWR mills/Kwhre
started up in year (ti)
, .
Mi Ore (U308) mined Tons
Mk Fuel used by all plants through year Ty Short tons/year
N Number of years during which reactors are started — ~-e-cemmea--
up. Total number of time entries equals N + AR.
NLWR j Total number of LWR's in existence at time (t{) Gwe
NNAS j - Total number NASAP reactors on line at time (ti) Gwe
Qj Development costs A, B and C referenced to region $
(3) _
a; j Fractional disbursement rates % bi’ <. referenced --e-com=me--
to region (3)
Contribution of NASAP R&D to capital cost $
MINW Minimum corporate R&D cost $
' Fractional discount rate @ ;eccmceeccaaa
ry NASAP choice installation rate Gwe/year
r% NASAP choice retirement rate Gwe/year
TB Base year for all cost calculations Calendar year
Te Total cost of LWR + NASAP choice through year T, $
TD Year NASAP choice reactor deployment begins Calendar year
Te Total first time engineering cost $
TI Reference stafting year for NASAP deployment Calendar year
Ty End of improvement period (j) Calendar year
(TL)i j Lower boundary for fuel region (j) at time (i) Calendar year
(TL % j Intermediate calculational lower boundary for fuel Calendar year

region (j) at time (i)
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variable

Definition

Units

™

End of last fuel improvement period

Base reference year

Year reactor retirement begins

Reference installation year

Upper boundary for fuel region (j) at time (i)
End of first fuel improvement period

End of second fuel improvement period

End of third fuel improvement period

Year when 2.6 x 106 short tons of fuel will be
committed o
Year when 5.4 x 106 short tons of fuel will be
committed '

Time

Fuel requirement for NASAP choice reactors

Fuel required by an LWR started up in year (ti)
Fuel available for LWR lifetime in fuel period.(j)

Units conversion factor [(106 Kwe 10'3 _S_ 8766 Ir

9 Gwe mills
(10° $/billion)]

U,05 available for NASAP choice lifetime
Fuel used fur LWR in Fuel period (j)
Cost for vendor ki)

Fraction of R&D monies to agent (i)
Total NASAP develbpment cost

Total R&D. cost for LWR's

NASAP R&D contribution to capital cost

Fraction of regional LWR fuel cost due to U308 cost

Cost of LWR development in period (j)
Fractional disbursement rate at time TX
Learning curve characterization parameter 1
Learning curve characterization parameter 2
Time required to install backfitted changes

- 63 -

Calendar year
Calendar year
Calendar year
Calendar year
Calendar year
Calendar yeér
Calendar year
Calendar year

Calendar year
Calendar year

Years

Short tons/Gwe
Short tons/Gwe

Short tons/Gwe

Short fons/Gwe

Short tons/Gwe
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‘Variable Definition Units
YLuR LWR operation and maintenance cost mills/Kwhre
YNAS NASAP operation and maintenance cost mills/Kwhre
4B Minimum lifetime for backfitting to be possible Years
by Reference 1ifetime Years
AR Reactor lifetime Years
ATa Acceleration time to full nuclear installation rate Years
ATc Lead plant construction time Years
ATo Time required to operate lead plant Years
ATRD Time required to perform R&D Years
LI The number of LWR's started up in year (2) that are Gwe/year
still operative ti year (1) .
N WR LWR capacity factor over lifetime AR hre/hr
"NAS NASAP choice capacity factor over lifetime AR hre/hy
"o Reference capacity factor hre/hr
e(t) Normalized NASAP capital cost function @ = cecomcccaaa-
A Lag time between purchase and startup tor LWR'S Yéars
A* Lag time between purchase and startup for NASAP Years
reactors
8. New plant capital cost adder for period (j) $/Kwe
3 .
Gé Backfit plant capital cost adder for period (j) $/Kwe
J
Hij Average fuel cost for reactors at time (i) in region «-cecemecc-a-
(3)
g(t) Discount function -  ceceeccecas--
P Average fraction of lag time passing before half =  —cccccccaaa-
the plant 1s paid for
3l Substitution variable = x* (1.0 ~ p) - TB Years
5 Time Tor luel cost tunction Calendar year
Ty " Time to which fuel usage is computed Calendar year
Ts « Fuel used by an LWR to time Ty Short tons
| ]
p(t) Normalized cost of fuel over time [Too’ TN] ------------
v Cost of ore mined - ' $/1bm
o(t) Normalized LWR capital cost function cmemm—ie————
“ 4R LWR R&D contribution to power cost mills/Kwhre
WNAS NASAP R&D contribution to power cost mills/Kwhre



-Sg-

X¢. Sample Problem Input

NASAP SAMPLE PROBLEM R+D MODEL 1 B A MaUL
$INPUT .
DIR=2.0s DTC=8.,0s DT0O=2,0s DTA=T7,0s TO=1973.4»
TI(L) = 19574 19584s 1959.» 19604y 1961les 19624 1963 ¢» 19644
19650.’ 1966.’ 1967;’ 19680, 1969.) 19700’ 1971n’ 1972.) 1973.'
19745 19755 1976es 1977.5 197845 1979.s 1980es 138l., 1382,
1983.» 19845 1965.s 1986+ 19874, 1988y 1989%¢» 1390.5» 1991.»
1992¢» 19934» 19944y 199545 19964y 1997.5 199845 1999.» 2000.»
2001,» 2002.s 2003, 2004., 2005.» 2006.»
A{l) = 21 % 2,0, 29 % 6.0y
R(1) = 30 * 000’lo’20,30’4.’50,60’80’100)160)16.)18.'9*220’
N = 40, TOO = 1957.» DR = 104, ’
TX = 198l.» IX %25, TY = 1985., IY = 29, TZ = 1989.» 1Z = 33,
M s 10, TONS(1l) = 0.,0s O.1EQ6s +5E06, 1.0E06» 2.0&E0653,0E06),
4,0EQ0hy 5,0E06s 6.0E06s, 7.0E06» COST(1) = 1,05 1.0, 2,0, 3.0,
705l 1’..5' 1205' 1"05’ 17.5’ 21.5)
AKFTX = 0+0» BKFTY = 1,0, BKFTZ = 0,0 DELCX = 50.» DELCY = 1004,
DELCZ = 15045 DELCXP = 75+» DELCYP = 15045 DELCZP = 225.»
U0l = 6000.» UD2 = 5500.0, UO3 = 5000.» UOD4 = 4500.0,
DETO = 8.0, ETAD = 0.9, ETALWR = 0.72, ETANAS = 0455,
U0 = 3000.0» '
NU1l = 0,40,

NU2 = 0,205 NU3 = 0415, NU4 s 0.29, OLFL = 2.0, OLF2 = 2,0,
OLF3 = 2,0, OLF4 a2 3.0, FCIP = 0.25» Al{(21)= 0.30» 0.30» 0.40»
B1{(26)2 0.20» 0.6C» 0,20, CI(29)= 0,205 0.20s 0.35, 0.25,
TLAMBA = 3,0, CAPA = 50.E06» CAPB = 150.E06,CAPCC= 100.c06,
BETA = 1,0, DT3 = 0.0, DI(23)s 0.05, 0.1%, 0.20, 0.20» 0.25» J.10»
0.059 FCI = 04175 RDIS = 0.085» CRI = 0.10» TLAG = 4,0,
RHO = 0.7y TB = 1G78.s REGL = 12.0, KEG2 = 11.0s REG3 = 10.0y
REG4 = 9,0, X1 = (.50, X2 = 0,45, X3 = 0,40, X4 = 0.35,
STARK = 7,0» CHI = 0,30, CO = 600.05 COSTAR = 75040,

PHI(1) = 22 % 1,0, 8 # 1.1, 10 * 1.2,

THETA(L) = 22 % 1,0, 1e2s lae4s 1uby 2.0y 2.6, 8 * 3,2, 5 % 3,6,
HALF = 0.1, SIGHA = .05, GAMMA s 0,5, GAMMAS = 1.0,
RMINW = 250.E06, :

E = 0,3E07,
IRD = 0, '
$END '
NASAP SAMPLE PROBLEM STACKED CASE R+D MODEL 2 B A MaUL
$INPUT .

GAMMA = 0.75,
IRD = 1,
$END
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NASAP SAMPL = PROBLEM

R+D MODEL 1 3 4 MALL

XVI,

Sample Probiem OQutput




SINPUT

vl R

- L9 -

0.0,

«2E+01,
«82401,
«2E+01,
«7E4+01,
«1979E+0 4,

«l957E+04,
«1967E+04,
«1377E4+0%,
«1987E+04,
«1997E+04,
0.0, 0.0)
000' 0-0'
0.0) 000’
0.0) 0-0'
0-0} OCO’
000'
0.0,
0.0,

0.0,
000’

QZE*OI’
OZE’OI)
065*01)
WHE+0Ls
0.0, 0.0
0.0 0.0,
0-0’ 000'
000) 0'0’
0.0 0.0,
0.0s 0.0»
0.0, 0.0,

0.0, 0,0,
C.0s 0.0,
«16E+02, .
«22E+02
0.0, 0.0,
C.0, 0.0
0.0s 0.0>»
OOO’ 0.0'
0.0: 000’

«1958€+04,
+1968E+04,
« 1978E+04,
«1988c+04,
«1998E+04,
0.0’ 0.0y

"«1959E+04,

«1269E+ 04y
~1979E¢ 04,
«1589E+04,
«19933E+ 04,
O.

«2E+ 0L,
«2E+01, .2E+01,
.65*01;

»

0.0)

0,0, 0.0,
0.0: 000"
0.0, 0.0,
0.0, 0.0
0,0, 0.0s
0.0, 0.0
C.0> 0.0r

0: o’ 000’
0.0» 0.0,
0.0s 040,
0. 0’ 0.0’
000' 0.0'
0.0 0.0,
0.0,

0.
o.
o.
0.
0.
0.

«2E+01l» .2E4O1,
-ZE’OII
.6E¢01,
+HE+O0],
0.0, O.
0+0: 0.

«6E+OL»

QbE+ol’
000)
0.0, 000)
0-0’ 000, 0;0: O.
0.0, 0.0, 0.0, O,
0.0, 0.0, 0.0 0.
6.0, 0.0, 0.0: O.
0.0, 0.0 0.0+ O,

0.0,

000) 0.0’ 0.0) 0.01- 00
0.0' 0.0) 000) 0.01 Oo
16E+02s +1BE+02, 22E+
0.0 040, 0.0»
000) O-Ol 0.0!
000’ 0'0) 0-0)
0.0 040 0.0:
0.0, 0.0, 0.0,
0.0, 0.0, 0.0

0.0
0.0)
0.0,
0000
0. 0)

0.
0.
0.
0.
0.

0.0y

«196E+04%>»
«197E+404,
«198E+04,
+1G99E+04,
«2€E+04%,
0y 0.0,
0y 0.0,
0y, 0.0,
0y 0.0,
0' 000)
0! 0.0,
0’ 0#0)

«2E+01,
«2E+01,
065*01’
+bE+01);
0y 0.0,
0s Ooo’
O’ 000’
0y 0.0,
O) 000)
0, 0.0y
0s 0.0,

O
0
02»

0.0,
000,

0»
Os
0,
0,
0,

000’
0.0
0. 0’
0| 0)
0.0,

«2001E+0Q4,

0.0,
010’
0.09
0.0'
0.0,
000'
000)

.25*01:
«2E+01,
o 6E+OL,
«HE+O01,
0.0'
000!
000'
0.0!
0.0,
0.0,
0‘0’

0.0
000'
«22E+02,
0.0, 0.0, 0.0,
0.0’
2.0,
000’
0.0)
0.0,

«1961E+04,
«l371E+04)
+1981E+04%,
«l991E+04&,
.2
0.0,
0.0,
0.0’
0.0>»
0001
000)
000!

0.0,
0.0’
0.0,
0.0,
0.0,
an’
0.0’

«2E+J1

0.0,
0.0,
000)
0.0'
0.0
0.0,
035 0.0»

0.0, 0.0,
«1E+0L1s o
« 22E+02>»
0.0,
0001
0.0’
0-0:
0.0)
0.0p

0.0
0.0,
0.0,
0-0)
0.0,

«1962E+04%,
«1972E+04,
«1982E¢04)
+1992E+04>
QD 2E+ 04,

0.0r 040>
0.0 0.0
0.0 040>
0.0 2.0,
0.9 Jads
0.0, 0.0»
C.Ol 0.0’

» .25’01’
s «2E+01,
» +LE+01,
» «5E+40L,
0.0
0.0
0.0'
0.0’
0.0,
0.0,
0.0’

0.0
Oo 0)
000!
0.0»
0.0;
OeOs
0.0,

0.33 0.0;
2E+01, .3E
«22E+02,
0.0 0.0

0.0, 0.0,

000’ 0'0’

0.0, 0.0’

0.0 040>

0.0’ 000’

0,0,
0. 0,
0. o’
0.0»
0.
0.0,
000’

0.0’
0.0,
0;0;
0.0,
0.0r
0.0»
0.0

0.0,
+01,

0'0’
0.0)
0.0’
0.0»
0.0,
0.0,

«1963E¢04,

«1973E+04,

«1983c+04%,
«1993E+06,
«2003E+04>
0.0) 0.0'
0.0) 0.0!
0.0) 000’
0.0, 0.0,
Q.O’ OlO’
0.0, 0.0,
0.0, 0,0,

«2E+0L,:
.bE+Ol’
«8E+uls
« 65401,
0.0,
0.09
0.0!
0.0’
0-0,
0-0’
0'0’

0.0»
0. 0’
0.0p
000'
000’
0. 0’
0.0,

000’ 000’
OQE*OL'

«1364E404,
«1974E+04,
«1384E+D 4,
«1334E+04,
+2004E+04,

«1365E+04,
«1975€¢04>»
«1935£¢04,»
«1932E¢Chy
«20051L €07,

«1355E+04,
e 1375E+04,
«1335E+04,
c4IIDE*CY,
2 2000E+04,

.25*01!
«HE+ILy
«OE+01ls +6E+0L>»
.6E*01,

.55’01’

0.3, 2.0,
000' 0.0’
0e0» 0.0y
0.0,. 0.0
000’ 000’
000’ 000'
0.0’ 0.0»

0.0,
0.0,
0. 0’
0.0,
c.0,»
0.0
00 0’

«2E+01 >,
nbE’ol’

«6E+01 >
0-0’
0-0)
0.0)
0.0,
0.0,

.060’
0.0y

000!
0.0'
0.0»
0.0,
010’
0.0'
0.0y

0.0,
O. 0’
0.0’
0.0,
0.0»
0. o’
005
0.0, 00 Go Oy
obE'oll

0.0»
0.0
000!
0.00
0.0
0.0>»
0.0»

Uo.0»
0.0,
050’
0.0
0.0,
0.5>»
000’

«2E+01y J2E+4D1».
HE+0L, JH5E*DJL
«BE+DLy J0EFD1,
0.0: 0.0, 0.0,
0.0, 0.0y

0.05. 0,0 :
0.0, 0.0 ;
000! 0007 '
Q.0 o.o’

0.0r 0.0y

0.0p Co0y.

0-0’ 000}
«8c+t0ly "e1E+J2,

e22E402, L22E+02» +22E+02, .22E+02,

0.0’
0.01
0.0,
0-0’
0.0)
0.0,

0.0,
0-0,
0:00.
Ve 0o
0.0)
000’

0.0,
000'
0.01'.
0.9,
OQOL
000’

040s
0.0’
0.0,
Ue0»
0.0'
000’

0.0y
0.0,
0.0,
O. 0)
0. 0,
0.0)

0.05
0.0’
O-OL
040>
0.0’
0.0:

0.0»
0-0’.
000’ ;
0.2> ;
0.0, i
0.0,
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T30

R

TX

TY

TZ

Ix

Iy

12
DETO
ETAD
ETALUR
ETANAS

TINS

“CAST

[
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000.
0.0,
000‘
0.0,
0.0'
000,
0.0'
0.0:

0.0'
0. 0!
000'
0. 0:
0.0,
0.0
000)
300'

<1E+01,
J1LE+DL,
CL2E+D1,

0.0’
0.0,
0.0’
003’
000’
0.0,
000,
000)

«lE+OL,
«12E+uU1,
«32E+01,

000'
0.0,
0-0’
0-0!
0.0’
0.0’
000’
0.3

«lE+01,

OQO’
0.0,
0-0'
0.0'
0.0,
0.0,
0.0’
000'

0-0,
0. 0,
0.01
000’
0.0,
0. 0'
0.0,
O. 0’

«1E+01,

0.0!
0.0'
3.0)
3.0‘
0.0'
0.0’
000'
JQOD

«32E+01,

000'
0.0»
0.0,
0.0,
0.0,
000'
0.0,
0.0,

«lE+Cly
«11E+01» J11E+01,
«122+01»

O-OI
000)
0.0'
0.0,
0.0)
000’
0.0,
0.0,

nlE"oll
«14E+C1,

$A2i4D1,

000'
0.0'
0.0,
0..0'
C.0»
0.0,
0.0,

0.0;

«+1H6E+01»

0.0,
0-0#
0.0»
0.2,
0. OP
000)
0. ol
009'

e3CE+QL,

.0,
090)
0.0,
0.0
QuOI
0‘0'
0.0
G.0»

.lE*Olr

olEfoli



CONSTRUCTION TIME = 8. ACCELERATION TIMZ = 7, REFERENZE INSTALLATION RATE = 1993,00

MAXIMUM NUMBER OF L4RS EVER ON LiINE IS = 111,00

-SL-



-VL-

O XN WU & WwN e

TH{1)

1957.00
1958.00
1959,00
1960.00
1961.00
1962.00
1963.00
1964.,00
1965.00
1966.00
1967.00
1968.00
1969.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976400
1977.00
1978.00
1979.00
1980.,00
1981.00
1982.00
1983.00
1984.00
1985.00
1986.00
1987.00
1988.00
1989.00
1990.00
1991.00
1992,00
1993.00
1994.00
1995.00
1996400
1997.00
1998.00

ALI)

2.00
. 2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2400
2.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
b.oo
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6000
6.00
6.00
6.00

R(])

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0. 00
0.00
0.00
0' oo

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
1.00
2.00
3,00
4.00
5.00
6. 00
8.00
10.00
16.00
16.00
18.00
22.00

G{I)

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

2400

- 10000
4,00
4.00
4.00
4.00
4,00
4.00
4.00
4.00
4.00
6.00

10.00

10.00

10,00

10.00

10.00

10.00

10.00

10.00

10,00

11.00

14.00

13.00

12.00

11.00

10.00
8.00
6.00
0.00
0.00

0.00°

. 0.‘00

NLWR(1)

2.00
4,00
6.00
B.00
10.00
12,00
. 14.00
16.00
18.00
20.00
22,00
24.00
26.00
28.00
30.00
32,00
34.00
36.00
38.00
40.00
42,00
48,00
54,00
60.00
66.00
72.00‘
78,00
84.00
90.00
96.00
101.00
105.00
108.00
110.00
111.00
111.00
109.00
1L05.00
95,00
85.00
74.00
60.00

NNAS(1)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00

0400
0.00
0.00
0.00
0.00
1.00
3,00
600
10.00
15.00
21.00
29.00
39.00
55400
71.00
88.00
108400



43
44
45

46

47
48
49
50

-SL-

1999,00
2000.00
2001.00
2002.00
2003,00
2004.00
2005.00
2006400

6.00
6.00
6.00
6400
6.00
6400

6.00

6.00

£2.00
22.00
£2.00
22400
22,00
22.00
22.00
22,00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

47,00
35.00
24.00
14,00
6.00
0.00
0.00

0.00

127.00
145.00
162,00
178,00
192.00
204,00
210.00
216,00



-9[-

I HUT)
1 .12000E+05
2 «24000€+05
3 36000E+05
4 <48000E+05
5 «60000E+05
6 «72000E405
7 .84000€E+05
8 «96000E+05"
9 .10800E+06
10 .12000E+06
¥l «14400E+06
iz <16 600E+06
13 «19200E+06°
L4 «21600E+06
15 «24000E+06
16 «26400E+06
17 .28800E+06
18 «31200E+06
19, «33600E+06
20 «35960E+06
z1 «39440E+06
g2 45 140E+06
23 <50740E+06
24 <56240E406
25 «61440E+06
6 «66590E+06
217 . 71690E+06
28 < T6T40E+06
29 <B1740E+06
30 +B6T40E+06
11 «92511E406
32 «10005E+07
33 <10672E+07
14 .11320E407
35 «11950€+07
36 +12563E407
37 +13139E+07
38 <13680E407
39 c14114E+07
40 «14547E407
DATE T(I)

DATE T(I) CORRESPONDING

CORRESPOND ING

TIeD)
«19570E+04
+19580E+04
«195G0E+04
«19600E+04
«19610E+04
«19620E+04
«19630E+04
«19640E+04

«19650E+04

«19660E+04
«19670E+04
«19680E+04
+19690E+04
+«19700E+04
«19710E+04
«19720E+04
«19730E+04
«19740E+04

"« 19750E+04

«19760E+04
«19770E+04
+19780E+04
«19790E+04
+19800E+0%
. 19810E+04
+19320E+04
+19830E+04
«19840E+04
+19850£+04
«19860E+04
«19870E+04
«19880E+04
«19890E+04
«19900E+04
«19910E+04

- .19920E+04

«19930E+04
«19940E+04

«19950E+04

«19360E+04

TO U308 COMMITTIED H =

uiI)
«60000E+04
«+60000E+04
«60000L+04
«60000E+04
+60000E+04
+60000E+04
+60000E+04
«60000E+04
+60000E+04
«60000E+04
«+60000E+04
+60000E+04
+60000E+04
+60000E+04
«60000E+04
«60000E+04
«60000E+04
«60000E+04
«+60000E+04
«59000E+04
«58000E+04
«57T000E+04
+56000E+04
«55000E+04
«52000E+04
«51500E+04
«51000E+04
«50500€+04
«50000E+04
«50000E+04
«50000E+04
«50000E+04

«45000E+04

«45000E+04
«45000E+04
+45000€+04
+45000E+04
«45000E+04
«45000E+04
«45000E+04

TD U308 COMMITTED H =

.E.‘)QE*G?



-LL-

F(l,1)

.100D0E+01
.10020E+01
+10000E+01
.100D0E+01
+10000E+01
+100D0E+O1
«10000E+01
+10000E+01
+100DOE+01
«10000E+01
+10000£+01
«100N0E+01
+10000E+01
.10000E+01
.10000E+01
«10000E+01
+10000E+01
«10000E+01
«10000E+01
«90000E+00
.80000E+00
«70000E+00
«60000E+00
+50000E+00

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0'

0'

0.

F(2,1)

0.

00

0.

0.

0.

00

0.

0.

00

0.

0.

0.

0.

OQ

De

De

e

D

De

':).

’).

2.

0.

0.
+ 40000E+00
« 30000E+00
. 20000E+00
« 10000E+00

0'

0.

R

0.

0.

0.

0.

0.

0.

0.

0.

0.

F(3,1)

«L0000E+00
«20000£+00
«30000£+00
«4C000E+00
«50000€E+00
+60000E+00
«70000&+00
«80000E+00
+90000E+00
«10000E+01
. «10000E+01
«10000E+01i
«10000E+01
00

0.

0.
0.
0.
0.
O.
0,

Flar 1)

0.

+10000£+01
+10000E+01
+10000E+01
«10000E¢01
.10000£+01
«10000E+01
«10000E+01
+10000£+01



e 8L -

Utl, I Ut2,[) Ut3,1) Ul4asI)
<60000E+04 +« 60000E+04 «60000E+04 +b60000E¢+04
+60000E+04 «60000E+04 «60000E+04 +60000E+04
«60000E+04 +«60000E+04 «60000E+04 +60000E+04
«60000E+04 « 60000E+04 +60000E+04 «60000E+04
«60000E+04 +60000E+04 «60000€+04 «60000E+04
«60000E+04 «60000E+04 +60000E+04 +60000E+04
+60000E +04 +« 60000E+04 «60000E+04 «60000E+04
«60000£+04 «60000E+04 «60000E+04 +60000E +04
«60000E+04 +60000E+04 «60000E+04 +60000E+04
«60000E+ 04 «60000E+04 «60000E+04 »60000E+04
«60000E+04 «60000E+04 «60000E+04 «b0000E+04
«60000E+04 «60000E+04 «60000E+04 «60000E+04
«60000E+04 «60000E+04 «60000E+04 «60000E+04
+60000E+04 +« 60000E+04 «60000E+04 +«+60000E+04
«60000E+04 + 60000E+04 «60000E+04 +60000E+04
+60000E+04 «60000E+04 +60000E+04 «60000E+04
+60000E+04 « 60000E+04 «60000E+04 «060000E+04
«60000E+04 «60000E+04 +50000E+04 «+60000E+04
«60000E+04 « 60000E+04 «50000E+04 «60000E+04
«60000E+04 «60000E+04 «50000€+04 +50000E+04
+60000E+04 «60000E+04 «50000E+04 +«20000E+04
«60000E+04 +60000E+04 «50000E+0¢4 +50000E+04
«+60000E+04 «60000E+0¢ «20000E+04 «50000E+04
+60000E+ 04 + 60000E+04 «50000E+04 +50000E+04
«60000E+04 +25000E+04 +50000E+04 «50000E+04
«60000E+04 «955000E +04 «950000E+04 « 50000k +04
«60000E+04 +55000E+04 «50000E+04 «50000E+04
«60000E+04 «55000E+04 «30000E+04 «90000E+04
«+60000E+04 «55000E+04 «50000E+04 «50000E+04
«60000E+04 «925000E+04 «50000E+0¢4 «50000E+04
«60000F+04 +95000E+04 «50000E+04 «50000E+04
+60000E+04 +«55000E+04 +50000€E+04 +50000E+04
«60000E+04 +«955000E+04 «20000E+04 «45000E+04
«60000E+04 «55000E+04 «50000E+04 «45000E+04
«60000E+04 «55000E+04 «50000€+04 «49000E+0¢
«60000E+04 + 955000E+04 «50000E+04 +45000E+04
«60000E+O4 «55000E+04 «50000E+04 «45000E+04
«60000E+04 «55000E+04 «20000E+04 +45000E+0%
+60000E+04 +95000E+04 «50000E+04 «45000E+04
«60000E+04 +55000E+04 +«50000E+04 «45000E+04

0. 0. VN «45000E¢04
C. 0. 0. «45000E+0%



0.
0.
0.
0.
0.
O.
O
0.

HBL-

0.
0.
0.
0.

Qe
0,
0.

0.
0.
0.
0.

0.
0.‘
0.

+ 45000E+04
. 45000E +04
«45000E+0%
« 45000E +04
+45000E+04
+ 45000E+04
«45000E+04
«45000E+04



W NO !N

T(I)

1957.00
1958.00
1959.00
1960.00
1961.00
1962.00
1963.00
196400
1965.00
1966.00
1967.00
1968.00
1969.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975400
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982.00
1983.00
1984.,00
1685400
1986.00
1987.00
1988,00
1989.00
1990.00
1991.00
1992.00
1993.00
1994.00
1995400
1996,00

TL(1,1)

1957,00

1958.00
1959.00
1960.00
1961.00
1962.00
1963.00
1964400
1965.00
1966 .00
1967.00
1968.00
1969.00
1970.00
1971,00
1972.00
1973,00
1974.00
1975.00
1976.00
1977.00
1978,00
1979.00
1980.00
1981.00
1982.90
1983.00
1984.00
1985.60
1986.,00
1987.00
1988.00
1989.00
1990, 00
1991.00
1992.00
1993.00
1994.G0
1995.G0
1996.C0

TL(251)

1967.00

1968,.,00

1969. 00"

1970,00
1971.00
1972.00

-1973,00

1974.00
1975.00
1976.00
1977.00
1978,.00
1979.00
1980.00
1981.00
1382.00
1983.00
1984.00
1985.,00
1985.00
1985.00
1985.00
1985.00
1985.00
1981.00
1982.00
1983,00
1984.00
1985, 00
1986.00
1987.,00
1988.00
1989.00
1990.00
1991.00
1992.,00
1993.,00
1994,00
1995,00
1996.00

TL(3,1)

1967.00
1968.00
1369.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980,00
1981.00
1982.00
1983.00
1984.00
1985.00
1985.00
1985.00
1985.00
1985.00
1965.00
1985.,00
1985.00
1965.00
1985.00
1985,00
1966400
1987,00
1988.00
1989.00
1990.G0
1991,00
1962,00
1993.C0
1994.00
1995,00
1996.00

T.(as1)

1967.00
1968.00
1969.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982.00
1983,00

- 1984.00

1985.,00
1986.00
1987.,00
1988.00
1989.00
1990.00
1991.00
1992.00
1993.00
1994,00
1995.00
1996.00
1997,00
1998.00
1989.00
i990.00
1991.00
192,00
1993.00
1994.00
1995.00
1996.00



- l8-

S WWWWWWWWWWMNNNMNNDNNNN N R e o et o ol b s pt pet
COVXDNO VP WNMHHOODINTVMLWNMOONTTSWNFO

Nolte B NN BRI NI ENE S

Ter)

1957.,00
1958.00
1959.00
1960.00

1961.00

1962.00
1963,00
1964.00
1965,00
1966,00
1967.00
1968,00
1969.00
1970,00
1971,00
1972,00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980,00
1981,00
1982.,00
1983,00
1934.00
1985.00
1986,00
1987.00
1988.00

1989,00

1990.00
1991,00
1992,00
1993,00
1994.,00
1995.00
1996400

TU(l,1)

1967.00
1968.00
1969.,00
1970.00
1971.00
1972,00
1973,00
1974.00
1975.00
1976.00
1977.00
1978,.00
1979.00
1980.00
1981.,00
1982.00
1983,00
1984.00
1985.00
1985.00
1985.,00
1985.00

1985.00

1985.00
1981.00
1981.00
1981.00
1981.,00
1981.00
1981.00
1981.,00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.00

TU(2, 1)

1967.00

1968.00
1969.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976, 00
1977.00
1978.00
1979.00
1980.00
1981.00
1982.00
1983.00
1984.00
11985, 00
1985.00
1985.00
1985.00
1965.00
1985, 00
1985.00
1985, 00
1985.00
1985,00
1985.00
1985. G0
1985.00
1985.00
1985.00
1985. 00
1985.00
1985.00
1985.00
1985.00
1985, 00
1985, 00

TU(3, 1)

1967 .00
1968.00
1969.00
1970.,00
1971.00
1972.00
1973.00
1974.00
1975.,00
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982,00
1983.00
1984.,00
1985.00
1986.00
1987.00
1988 ,00
1989,00
1990.00
1991.,00
1992.00
1993,00
1994 .00
1995,00
1996,00
"1997,00
1998.00
1989.00
1969.00
1989,00
1989.,00
1989.00
1989.00
1989,00
1989,.00

TU(4»1)

1968.00
1969.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.,00
1977.00
1978.,00
1979.00
1980,.,00
1981.00
1982,00
1983.,00
1964.00
1985.00
1986,00
1987.00
1988.00
1989.00
1990,00
1991.00
1992.00
1993.00
1994.,00
1995.00
1996.00
1997.00
1998.00
1999.00
2000.00
2001.00
2002.00
2003.00
2004,00
2005.00
2006,00



-28-

FUEL USED B8Y ALL PLANTS UP THRRODUGH TAULK)

TAU(K) FUFEL USED M(K)
1957.00 0.

1958.00 «1200000E+04
1959.00 «3600000E+04
1960.00 «7200000E +04
1961.00 «1200000E +05
1962 .00 .1800000E+05
1963.00 «2520000E +05
1964.00 «3360000E+05
1965.00 +4320000E+05
1966.00 «5400000E+05
1967.00 «6600000E +05
1968400 «7920000€ +05
1969.00 «9360000E+05
1970.00 ° < 1092000E +06
1971.00 «1260000E+06
1972.00 «1440000£ +06
1973.00 «1632000E+06
1974.00 «1835000£+06
1975.00 «2052000E+06
1976.00 «2280000E +06 .
1977.00 «2520000E+06
1978.00 .2772000E +06
1979.00 «3060000E+06
1980.00 «3384000E+06
1981.00 «3744000E+06
1982.00 «4135000€+06
1983,00 - «4557000E +06
1984.00 «5010000E +06
1985 .00 . +5494000E+06
1986.00 «5944000€E +06
1987.00 «6426708E+06
1988.00 «6939833E406
1989.00 «7481083E+06
1990.00 «B04L66TE+06
1991.00 «8619792E+06
1992.00 «9213667E+06
1993,00 «9824208E+06
1994 .00 «1044783E+07

1995.00 «1109179€+07



588-

1996.00
1997.00
1398.00
1299,00
2000.00
2001.00
2002.00
2003.00
2004,00
2005 .00
2006 .00

«1172908E+07
12362426407
«1299492E+07
«1360888E+07
«1421308E+J7
«1460932E+07
«1539942E+07
«1598242£+07
«165619¢E+07
«1713067TE+07
«1771567TE+07



-v8-

O D g O

FUZL PRICE CORRESPONDING TO TIME TAUCK)

TAULK)

1957.00
1958.00
1959,00
1960.00
1961.00
1962.00

1963, 00

1964,00
1965, 00
1966,00
1967.00
1968.00
1969 .00
1970.00
1971.,00
1972.00
1973.00
1974.,00
1975.00
1976400
1977.00
1978.00
1979.00
1980, 00
1981.00
1982.00
1983.00
1984.00
1985.00

1986.00

1987.00
1988.00
1989.00
1990.00
1691.0C0

. 1992,.,00 .

1993.00

PSI(K)

«1000000E+01
«1000000E+01
«1000000E+01
«1000000€+01
«1000000E+01
+1000000E+01
«1000000E+01
«1000000€+01
+1000000E+01
«1000000E+01
«1000000E+01
«1000000E+01
«1000000E+01
«1023000E+01
«1065000E¢01
+1110000E+01
«1158000E+01
«1209000E+01
«1263000E+01
«1320000E+01
«1380000E+01
"«1443000E+01
+1515000E+01
+1596000E+01
«1686000E+01
«178375CE+01
«1889250E+01
«2002000E+01
+2098800E+01
«2188800E+¢01
«2285342E+01
«2387967E+01
«2496217E+01
«2608333E£+01

- «2723958E+01
“e2842733E4+01

e2964842E+01



-98-

38
39
40
41

42

43
44
45
46
47
48
49
50

1994.20
1995,00
1996.00
197,00
1998, 00
1999,00
2000.00
2001.00
2002.00
2003,00
2004.00
2005.00
2006.00

«3201525E+01
+3491306E+01
«3778087E+01
«406308B7E+01
«4367712E+01
+4623994E +01
«4895887E+01
+21664200E+01
«5429737E+01
«9692087E+01
«5952862E+01
«6208800E+01
«6472050E+01



-98-
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AVERAGE COST VALUES FOR RZIACTORS START:D uP IN YEAR TAULK)

TAU(X)

1957.00
1958 .00
1959.00
1960.00
1961.00
1962.00
1963.00
1964.00
1965 .00
1966 .00
1967.00
1968.00
1969.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982400

1983.00

1984.00
1985.00
1986400
1987,.,00
1988.00
1989.00
1990.00
1991.00
1962,00

1993, 00,

1994.,00

AVG. COST

«1000000E+01
«1000000E+01
«1000000E+01
«1001150€+01
«1005550E+01
«1014300E+01
«1027700E+01
+1046050E+01
+1069650E+01
.1098800E+01
«11338B00E+01
«1174950E+01
«1222850E+01
«1277250E+¢01
+1336950E+01
«1401688BE+01
«1471938E+01
«1548150E+01
«1629590E+01
«1667156E+01
«1706800E+01
«1748986E+01
«1793983E+01
+1841680£+01

0.

0.

0.

_0.

0.

C.

0.

0.

0.

0.

0.

0.

0.

0.

REGION

Pt ot e ot pt pd et b et e i bk b pd bl e gt Bt e et bt e pet et e e e b e b e e e e e e el e
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1995,.,00
1996,00
1997.00
1998, 00
1999.00
2000.00
2001.00
2002.00
2003.00
2004.00
2005.00
2006.00
1957.00
1958,00
1959, 00
1960.,00
1961.00
1962.00
1963.00
1964.00
1965, 00
1966.00
1967,00
1968.00
1969.00
1970, 00
1971.00
1972.00
1973.00
1974.00
1375,00
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982.00

1984.00

198 5. 00
198600
1987.00
1988.00
1989, 00
1990.00
1991.00

0.
O.
0.
0.
0.
0.
0.
0.
04
0.
0.
0.
0.

"0,

0,

O,

0.

0.

Oe

O

0.

Oe

O.

0.

0.

0.

0'0

0‘0

U

C.

0.

0.

C.

C.

G.

Co
«1891850E+01
«1944175E+01
«1993013E+01
«2050400E+01

Ce

()

0.

G.

(O

O.

0.

RNNRNNNNNNMNDNNNNNNMNNNNNNNNDN NN NNNNNNDNN NN NN NN = s e e b s e b e =
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36
37
38
39
40
41
42
43
44
45
46
47
48
49

VO~NOTOPWN

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25

- 26

27
28
29
30
31
32

1992.00

1993.00
1994.00
1995.00
1996.00
1997.00
1998, 00
1999.00
2000.00
2001.00
2002,.,00
2003,00
2004.00
2005,.00
2006.00
1957.00
1958.00
1959.00
1960.00
1961.00
1962.00
1963.00
1964.,00
1965.00
1966.00
1967,00
1968.00
1969,00
1970,00
1971.00
1972.00

1973.,00 -

1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982,.00

1983.00-

1984,.,00
1985,00
1986.,00
1987.00
1988.,00

0.
0.
0.
O.
0.
0.
0.
0.

'00

0.

0.

0.

0.

0.

0.

0.

0.

0.

C.

0.

0.

0.

e

0.

0.

0.

0.

0.

0.

0.

Ce

o.

0.

0.
+2143800E+01
+2193435E+01
«2239175E+01
+2289904E+01
+2342378E+401
+2396340E+01
«2451626E+01
+2508146E+01
«29572039E+01
«2649477E+01
«2798567£+01
«2966918BE+01
«3153793E+01
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1989.00
1990.00
1991.00
1992,00
1993.00
199 4,00
1995,00
1996, 00
1997,.00
1998.00
1999,00
2000,00
2001.00
2002.00
2003.00
2004,00
2005.00
2006400
1957.00
1958.,00
1959.,00
1960.00
1961.,00
1962 .00
1963.00
1964.00
1965.,00
1966.00
1967.00
1968.00
1969.,00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00

1980. 00.
11981.00

1982.,00
1983.00
1984,00
1985.00

D LD P LD DL LD DD DD DL DLW LVDLLWOWWLDWRWWWWWWWWWW
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

THE CCNTRIBUTION OF

1986.00
1987,00
1988.00
1989,.00
1990.00
1991.00
1992.00
1993,00
1994.00
1995.00
1996.00
1997.00
1998.00
1999,.,00
2000,00
2001.,00
2002.00
2003.00
2004 ,00
2005.00
2006.00

0.

0.

0.
«3358169E+01
«3578936E+¢01
«3815325E+01
«4066688E+01
«4332400E+01
«4606329E+01
«2879771E+01
«2150344E+01

O.

0.

0.

0.

0.

0.

0.

0,.

0.

0.

VENDOR A COST = «20000E+09

VENDOR & CO3T = «10000E+09

VENDOR C COST = «75000£¢08

GOVEZRNMENT SU?ERVISION CD3ST = «18750E+C9

PR A N T R - R T TR I I N T R O i I ]

TOTAL FIRST TIME ENGINEERING COST = «9CG0V000E+07?

R+D TO NASAP CHQOTCE CDST =

«24580E+01 (BILLIONS)
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CUMULATIVE NASAP R+D COST

YEAR

1957.00
1958.,00
1959.00
1960.00
1961.00
1962 .00
1963,00
1964.00
1966.00

-1967.00
1968,.,00
1969.00

.1970.00
1971.,00
1972.00
1973.,00
1974.00
1975.,00
1976.00
1977.00
1978.00
1979.,00
1980.00
1981.00
1982.00
183,00
1984,00
1985.00
1986 .00
1987.00

19848.00

1989.00
1990.00
1991.00
1992,.00
1993.00
1994,00
1995,.,00

COST (BILLIONS $)

0.
Q.
0.
0.
Q.
G,
. G
C.
Ce
Ce.
C.
(UM
G.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
De
De
D
De
«3462004E-01
«1038601E+00
«2077202E+00
«3462004E+00
+5193006£+00
« 7270208E£+00
«1003981E+01
«1350181€£+01
«1304102F+01
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1996400 «2458023£+401

TAUQ ve
«19789E+04 «19785E+04

1Q(K)
«99444E+QO
«66612E+00
+4I5T79E+00

IviK)
«48930E+02
«49429E+0¢
+44584E+402

Id(K)
« 716365E+02
«46412E+02
«22378E+02
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MILLS/KAHRE

E

ASSOCTATED WITH LwWR DEVELOPMENT IN PERIUD K ARE

MILLS/KWHKE

K

1 «65111E+00

2 .« 10425€401

3 «22155E401
XLWR = «74342E400 (BILLLIONS $)
CUMULATIVE COST OF LWR R+D (BILLIONS %)
1957.00 0. :
1958.00 0.

1959, 00 0.

1960.,00 0.
1961.00 0.
1962.00 0.

1963,00 0. -
1964,00 0.

1965,00 0.
1966.,00 0.
1967.00 0.
1968,00 Oe
1969 .00 0.

1970.00 0.

1971.00 0.
1972.00 O

1973.00 0.
1974.00 0.
1975.00 O. .
1976, 00 « 1094655E~-02
1977.00 «4378619E-02
1978,00 «1258853E-01
1979, 00 «2353508E-01
1980.,00 «3721826E-01
1961.00 «6570318€-01
1982.00 «9692473E-01
1983,00 «1308829E +00
1984 .00 s 16757TTE+00
1985.00 «19B89609E+00
1986, 00 «2303440E+00
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1987.00 +26643655E+00

1988,00 «3088019E+00
1989.00 «4029701E+00
1990, 00 «4898945E+00
1991.00 «5695753E +00
1992, 00 «6420124E +00
1993,00 «6999620E+00
1994.00 «7434242E+00
1995.,00 «7434242E+00
199600 «7434242E+00

COST OF R+D = «32014E+01 (BILLIONS %)

CUMULATIVE TOTAL COST OF R+D

YEAR : COST (BILLIONS %)
1957.00 Oe
1958.00 0.
. 1959.00 0.
1950, 00 0.
1951, 00 0.
1962 .00 0.
1963.,00 0.
1964.00 0.
1965.00 0.
1966.00 0.
1967.00 0.
1968.00 0.
1969,.00 O
1970.00 0.
1971.00 0.
1972.00 . 0.
1973.00 0.
1974.00 0.
1975.00 0.
1976.00 «1094655F-02
1977.00 «4378619E-02
1978.00 «1258853E-01
1979.00 «2353508E-01
1980.00 «3721826E~01

1981.00 «6570318E-01
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V@D~ W EWN -

Als

1982.00
1983.00
1984.00
198%..00
1986.00
1987.00
1988, 00
1989.00
1990.00
1991.00

1993,00
1994.00
1995.060
1996.,00

e 24652E+03 A2=

YEAK

1957.0
195840
1959.0
1960.0
1961.0
1962.0
1963.0
1964.0
1965.0
196640
1967.0
1968.0
1969.0
1970.0
1971.0
1972.0
1973.0
1974,0
1975.0
1976.0
1977.0
1978.0
1979.0

¢

«9692473F-01
.1308829E+00
«1675777E4+00
.1989609E+00
«2303440E+00
<2994855E+00
«4126620E+00
«6106903E+00
«8360949E+00
.1088876E+01
«1369033E+01
<1703943E+01
«2093606E+01
«2647526E401
«3201447E+01

«4B85Q3E+02 A3s

ALCT)

 W15148E+01
«30295E+01
«45443E+01
«60599E+01
«75789E+01
«91045E+01
.10640E+02
.12190E+02
«13757E4+02
«15347E+02
«18579E+02
«21874E+02
25241E+02
«28690E+02
«32230E+02
«35868E+02

W39613E+02°

«434T3E+02
«47456E+02
«951460E+02
«5T7498E+02
«67617E+02
«T7793E402

«5T915E+02

AZ2(1)

«31610E+01
«6210%E+01
«90886E+01
«11817E+02

. e14399E+D2

«16840E402
«19144E+02
+21313E+02
+23351E+02
+25258E+02
+28814E+02
«32108E+02
«35139tk+02
«37898E+02

"+ 40376E402

«4255GE+402
«44431E+02
«45975E£402
«47170E+02
«4TG78E+02
«48593E+02

«48593E+02

c 4859 3E+02

0.
O.
0.
o.
0.
o.
o.
0.
0.
0.
0.
0.

"0

0.
0.
0.
0.
0.
00
O,
0.



24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

]
(Yol
(o]

]

1980,0 88024E4+02
1981.,0 «I7TBLTE+O2
1982.0 «10777E+03
1983.0 «11788E+03
1984.0 «12815E+03
1985.0 «13863E+03
1986.0 «14948E£+03
1988.0 «17833E+03
-1989,0 «19181€£+03
1990,0 «20478E+403
1991.0 «21713E+03
1992.0 «228956E+03
1993,0 «23881E+03
1994,0 «24652E+03
1395,0 «24652E+03
1936.0 «24652E+03
THE FUEL CYCLE CO3T = «25584E+03
CUMULATIVE FUEL COST
YEAR COST (BILLIONS %)
197,00 ~«1666241E+01"
19%8 .00 -«3181006E+01
1959.00 —e4544294E+01
1960,00 -«5756803E+01
1961.00 -.6820081E+01
1962.00 -« 77354::8£+01
1964.00 -+9123167E+01
1965, 00 =¢G593422E+01
1966,00 -¢G911341E£+01
1967.00 ~¢1023456E+¢02
1968,00 -«1023456£+02
1969.00 ~eG897852E+01
1670.00 ~+G207952E+01
1971.,00 -.8145973E+01
1972.00 -«6690777E401

+48593E+02
«4B8593E+02
«48593E+0¢
«4B593E+02
«4B8593E+02
»48593E+02
«4B8593E+02
«+48593E+02
«48593E+02
s 48593E+02
«48593E+02
+48B593E+02
«48593E+02
«48593E+02
«48593E£+02
«4U593E+02
«48593E+02

0.

0.

0.

0.

0.

0.

0. .
«63421E+0)
+16673E+01
«39204E+31
«68202E+01
+10493E+402
«15094E+02
e21474E¢02
«2Q77BE+02
+43587E+402
S TILSED2



1973.00
. 1974.00
1975.00
1976400
1977.00
1978.00
1979.00
1980,00
1981.00
1982.00
1983,00
1984 .00
1985,00
1986400
1987.00
1988, 00
1989.00
1990, 00
1991.00
1992.00
1993.00
1994.00
1995.00
11996400

-LG_

Bl= «33314E+03 32=

THE TOTAL CAPITAL COST

\

-,4818575E+01

-.2502666E+01 -

«2855813E+00
«36481627E+01
«8904829E+01
«1902393E+02
+2919948E+02
«3943033E+02
«4922396E+02
5917512E+02
«6928245E+02
«7955715€+02
«9003296E+02
.1008852E+03
«1139243E+03
«1316860E+03
«1472084E+03
+1630073E+03
«1790913E+03
«1954634E£+03
«2116B87TE+03
«2277025E+03
«2415120E+03

«2558394E+03

« 77520€+02

AFTER 1978 =

CUMULATIVE CAPITAL COST

4

YEaR

1957.00
1958.00
1959 .00

11960.,00
196100
1662.00
1963, 00

COST (DOLLARS)

~.1421085=-13
~e2842171E-13
-—¢5684342=-13
~«5684342°--13
-.1136868E-12
-+1705303:--12
-.2273737:-12

B3=

+50Z1BE+03

246556403

{DOLLARS)



1964.00
1965.00
1966 .00
1967.00
1968.00
1969400
1970.00
1971.00
1972.00
1973,00
1974.00
1975400
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982.00
1983,00
1984.00
1985.00
1986.00
1987.00
1988.00
1989, 00
1990.00
1991.00
1992.,00
1993.00
1994,00
1995, 00
1996.,00

-86-

OPERATION/MAINTENANCE CONTRIBUTION TO POWER CQOST

CUMULATIVE OPERATION/MAINTENANCE COST

YEAR

-e2273737E-12
-e4547474E-12
—e45474T4E-12
~.95684342E-12
-+7958079E-12
-+9094947E-12
~.1136868E-11
-+1136868E-11
-.1591616E-11
-.1818989E~11
-+2046363E-11
-¢2273737E-11

«1500000E+00
«6000000E 00
«1725000£+01
«1444500E+02
«2754000E+02
«4186000E+02
«92655500E+02
«7162500E+02
+«8707000E+02
«1008400E+03
«1146100E+03
«1349590E£+03
«1531879E+¢03
«1964499E+03
«2310211E+03
«2567906E+03
«3361152E+03
«3486082E+03
+39401 26E+03
«4486066E+03
«95021787E+03

COST (BILLIONS %)

«97701E+01
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TOTAL LwWR + NASAP CHOICE COST TO YEAR

"1957.00
i958.00
1959,00
1960.00
i961.00
1962.00
1964,00
1965 .00
1966,00
1967,00
13648.00
1369.00
1370.,00
1971.00
1372.00
1973.00
1974.00

1975.,00 -

.1976,00
1977.00
1978.00
1979.00
1980.00
1981.,00
1982.00
1983.,00
1984,00
1985.00
1986.00
1987.00
1988 .00
1989,00
1990.00
1991.00

-

1992.00
1993,00
1994,00
1995.00
1996.00

TOTAL COST

t

«6942672E-01
«132541GE+00
«1893456E+00
«2398378E+00
«2840184E+00
«321387%5E+00
«3534451E+00
«3786912E+00

«3976258E+00"

«4102488E+00
04228718E+00
+4228718E+00
«4102488E+00
«3850027£+00
«3471336F+00
«2966414E+00
«2335262E+00

«1577880E+00

«6942672E-01

«3155760E-01 -

+2019686E+00
«5175446E400
«8331206E+00
«1148697E+01
«1464273E+01
«1779849E+01
«2095425E+01
«2411001E+01
«2726577E+01
«3042153E+01
¢ 3446265E+01
«4002030E+01
«4583215€E+01
«5189823E+01
+5821851E+01
«6473301E+01
«7187594€+01
e 71946730F+01
+8858394E+01
«9T770058E+U1

«77099E+03

1996.00



CUMULATIVE TOTAL COST

= 00L -

© YEAR COST (BILLIONS $)
1957.00 -.1735668E+01
1958.00 -+3313548E+01
1959,00 -+4T733640E+01
1960.00 -¢5996641E+01
1961.00 -+7104099E+01
1962.00 -+8057326E¢01
1963.,00 -«8856755E+01
1964,00 -+9501858€+01
1965, 00 -+9991048E+01
1966 .,00 -+1032159E+02
1967.00 -+1065743E+02
1968,00 -.1065743E+02
1969,00 : -.1030810E+02
1970.00 —+9592955E+01
1971.00 -«8493107£+01
1972.00 ~e6987418E+01
1973.00 ' -+5052101E+01
1974.00 —e2b60454E+01
1975,00 «2161545E+00
1976.00 «3564280E+01
1677.00 «9711176E+01
1978.00 «2127906E+02
1979.00 «4450114E4+02
1980.,00 , +0815624E+402
1981.00 «9261394E+02
1982.00 «1176069E+03 .
1983,00 «1%31338E+03
1984,00 : «1692057E+03
1985.00 «1937985E+03
1986.00 +2187677E+03
1987.00 «2526291E+03
1988.00 «2992886E+03
1989.00 «3488523E+03
1990.,00 «4000544E+03
1991,00 «4527926E+013
1992,00 «5094270E+03
1993.00 «9691884E+03

1994.00 «6317555€E+4013



= 1oL -

1995.00
1996.00

« 7016245E+03
«7703890E+03
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NASAP SAMPLE PROBLEM STATKED CASE R+[( MODEL 2 o A HMAUL
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3INPUT

DTR

T3

T:

QZE’OII

+8E+C1y

«2E+01,

«T7E+01,

«1979€E+404,

«1957E#04,
«130T7E404, -
«1377E+04,
+1308TE+04,
«1997€+04,

0.0,
000’
0.0
0.0,

0s0»

0.0»
0.0,
0.0>

0.0,
0-0’
0.0,
00>
0-0!
000"
000’
0.0

«2E+01, .
QZE’Oll .
«HE+0Ls
o()E'oll .

0.0
000’
0.0,
0.0,
000’
0.0,
0.0,

0.0
0.0,

0’0,
000’
0.0’
0.0,
0.0
0.0,
0.0

0.0
0.0»

«16E+02»
DZZE"OZ’

0.0
0.0,
0.0’
0.0
010)

000'
0.0!
0.0,
C.0>»
GeO>»

0. 0’
0- 0}
0.0,
0.0
0.0
0. OI
0.0,
0: 0'

0.07
0.0
C.0y
0'00)
0.0,
'000'
0.0,

2E+01,
2E+ 01,
6E+ 01,
6E+01»
00 0’
O. 0’
O. 0)
00 OI
0. 0s
0' 0’
0.0,

. 2E
«2E

000’
000,
0;0’
0.0,
000’
0.0,
0.0,

0.0s 0.0,
000’ 0.0
.165*021
0.0, 0.0
0. 0» 0.0,
0.0, 0.0,
0.0s 040>
0.0, 0-0;
0.0» 0.0>»

«195BE+04,
OIQ6EE+OI”
e 197B8E+04s"
» 1988€+404,
« 1998& +¢04,

0.00
O'. 0,
O. 0'
0.0
0.0»
0.0,
0.0,

+01,
+01,

.6E¢01;
+6E+O1,

0'0’
0.0,
0.0,
000,
0.0,
0.0'
0.01

0.0
Ooo"
«1BE+C2,

0.0
CeO»
0.0’
0.0,
0.0,
000’

+1359E+ 04,
«1769E+C4,
«el279E+D4
«138Q9E+04)>
+1I399E+04,

0.0)
0.0
0.0»
0.,0>
000’
0.0,
0,0,

«2E+01,
. 2401,
«5E+01
«5E+01,

3.0
2.0y
‘3.0;
D.0,
000’
0.0
0,0,

2.0
0.0’

0.0,
0.0,
'0.0’
0.0'
0.0
0.0,

000’
000’
0.0,
0.0,
000,
0.0,
0.0n

o2

OoO’
0.0)
0.0,
0.0,
0.0
0.0,
0.0y

0.0»
0.0’

«22E+02s

000)
0.0»
0.0
0.0y
0.0y
000’

«196E+04,
«197z4¢04,
«198 2404,
+199c+¢04,
«2E+J4,

0«9
00 D’
0.9,
0.2,
0.0'
O-D’
003'

«2E¢01,

E+01>

065+01’
obE’O.l,

000’
0.0)
0.0,
O« 0!
0.0,
0.0,
0. 0,

0.0,
000)

0.0,
Ou 0)
0.0]
0.0,
0.-0’
00 OJ

0.0y
0009
0.0y
0.0,
0.0y
0-0’
000’

-

«196LE+D4>»
«1971E+04,
«1981E+04)»
+1391E+Q4,
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0.9,
:’.o’
0'0'
0.0’

0.0
0. 0'
3.0’

0.0,

0.0»
00 OD
00 09
00 0’
0.0"

th’
0.0,
000’
0.0,
Ca0»
0.0,
0.0
0.0¢
000,

0.0y
0.0
0.0,
Je0»
C"or.)’
0.0
D400
0.0,
000,



- 80l

C41 = .3E+00,
£3 = .6E+03,
COSTAR = .75E+03,

P4T @ 15401y, +1E+01s L1E+01, LLE+01ly 41E+D1» 1E+0Zs <LE®Ols J1E¢D1l, - «1E+01» L1E+O0ls L1E+0Ll, J1E¢Qls L1E+J1»

«1E+¢01, .1E¢#0)y .1E¢+0ly» LE+O1l, .1E+O1ly, L1E+0Z, .LE*Ol, LLE+Dl, «lE4OLs 411E¢D1y JLLIE+O01l, .1lE#D1,
«11E+DL, .11E+01s +11E¢01l, L11E+01, »11E+01, <12E+Q1, .12E¢+D1, «12E+0Lls +i2E+0ly ,12c6+¢01y 125015
«12E401» L12E+401s 12E+01s 12E+Q1ls JeOs 0.0» 0.0» DsO0» 0.0 0.0, © 0405 0.0, 0.0 O4vUs» 040p 0405 0.0,

000’ 0.0’ 0.0) 0.0! 0009 CJOI 0.0’ U.Q’ OQOJ n.o’ 0b01 OJDD 0.0: O.Dp 0.0) 000' 0'0' 0.0’ 0.0' 0.0’ 0.0)
0-00 000, 000) 000) 0009 CQOD 0.0’ O.Cp 0.0) :)QOI 0-0’ 0'0) '0.0) O.E)y 0.01 0.0’ 0.0’ 0.0’ U.O: 000’ 0o0)
CeOs 040s 0.0s 040s» 0405 Ce0s 0405 -0aCy 0405 Da0s 0e0s 0.0y 0,09 04Ip 040, 0.0+ 0.2y 0.0 GuaOs 0.0, 0.0¢
0.0 0409 0e0r 040s 040, Co0s» 040 Q0aCs» 040y WeOs Ce0s» 0405 04ls 0.0s 0.0r 0405 Ue0s 040, CGuOs 0.0, Q40
0.0s 0.0s 0.0, D.05 0.0s GeOp 0.0y 0.Cyr 0.0 9.0y 0.05 040y 0e0p 0.05 0,00 0e0s 0.0, 0405 0.0s 0.0, 0,0,
0.0: 0-0' 0.0: 0.0‘9 0-0) C"-O’ 010, O-C': 000'1 -’JQOI O!-O) 000’ 000) 000’ 000) 000, 0.0’ 000’ 000’ 0-0; 010’
0.0 0,09 000y 005 0.0 (0e0Os 0.0, 0.C» 0.0y J.0s 0,0y 0.Jy» 0.0 0.0, 0.0, 0.0s 040» 0.0» 0.0, 0.0 0.0

THETA * J1E+0ls J1E+0ly J1E+01l, JIE+O1l, .1E+#D1s ~1E+OLs JIE+OLl, (LE#0L, «1E#0Lly) o 1E+01, o15+40i, L1E+O0l; 1E+01»
. «1E+01ly LE+01l, 1E+OLl> 412401, .1E+D3, 1E+0Lly LE+0ls 1E+D1l» «lE+J31s1 J12E¢D1s J14E¢01, .1BE+C),
«2E+01y 26E+01, .32E+0l, ,32E+0ls, 43ZE401, .32E+Cl, .32E+01, +32c+01ly ,32E¢01; L32E+01s. 4365601,
.366*01' -366‘01’ -36E*Ol: 0365*01’ 000’ 0.0r OQO.' OIO’ 0.0r o.o, 0.0; 0-0} ‘:)00) 000' 000) 000? QDOP

000, 0.0; 0.0; 000) 000’ 0.09 0.0. G&O' 0.0’ 300, CQOD 0-0' 0.0' 0.0) 0.0) 0-0' 000' 0.09 000) 0.0) 0.0ﬂ
0.0 040y 0.05 0.0s 0405, 00y 0e¢0y GoO» 0.0, JeOs 0.0y 0.0p 0usOs 040, 0,0, 0.0 0.0, 0.0, 0.0, 0.0, 0o0»
0.0, 0«0» 040, 0.Cy 0.0, 040y 0.0s G.0yp 0.0 DeOy» C.0» 0.0» 0eds 0.09y 0.05 040».0.05 00y 0.0, 0.0, 0.0,
0-0, 000’ 0'0! 000’ 0.0’ 000’ Ono’ C-O’ 010! 900) C~0’ 0.0) 0.0’ 0-0' 0.0’ 0.0! 060’ 0-0, 000’ 0-09 000)
Cue0y 0.C» 040» 0,05 0.0 940p 0oa0p» Goe0p O0eCTypr DeDyp CueOp 0,05 0¢09 040p D40y D405 06035 Je0s 0.0, 0.0, 0405
0.0s 0.0 0.0y 0uCs» 0.0y, 0405, 040y a0y 0.0y DeOs CoO0y 00y 00y 0.05 0,05 De0s» 0405 040, 0,09 0.0» 0.05.
~0.05 0405 0.05 0.Cs 0.0s 040sr 0.0r Cu0» 0e0s D.0s CeOs 0.0s Go0s 040, 0405 0:0» 0.0,.0405 0,05 0.0 0,0,

HALF = L1E+00,
SIGMA = 5E-01,

GAMMA = J75E+00,

GAMHMAS = L1E+Q1l,»
IR0 * 1y
$END -



CONSTRUCTION TIME = 8., ACCELERATION TIME

MAXTMUM NUMBER OF L4RS EVER ON LINE TiS =

- 601 -

= Te

111.00

REFERENCE INSTALLATION RATE

1993.00 °



- oLt -

DO NN W

T(I)

1957.00
1958.00
1959.00
1960.00
1961.00
1962,00
1963.00
1964.00
1965400
1966.00
1967.00
1968.00
1969.00
1970.00
1971.00
1972.00

1973.00

1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980.00
1981400
1982.00
1983.00
1984400
1985.00
1986,00
1987.00
1988.00

. 1989,00

190,00
1991,00
1992.00
1993,00
1994,00
1995,00
1996,00
1997,00
1998.00

AlI)

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

2,00

2.00
2.00
2,00
2.00
2.00
2.00
6,00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

0,00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
0. 00
0.00
0.00
0..00
0,00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
2.00
3.00
4,00
5.00
6.00
8.00
10,00
16.00
"—'b.oo
18.00
22.00

Gli)

2.00
2.00
2,00
2.00
2,00
2,00
2.00
2.00
2.00
2.00
4,00
4.00
4,00
4.00
4.00
4,00
".00
“.oo
4.00
4,00
6.00

10.00'

10.00
10.00
10.00
10.00
10.00
10,00
10.00
10,00
11.00
14,00
13.00
12.00
11.00
10.00

8.00

b.00

0.00

0.00

0.00

0 0‘00

"NLWR(I)

2,00
“.00
6.00
80 00

10,00
12.00
14.00
16.00
18,00

120,00

22,00
24,00
26,00
28.00
30.00
32.00
34,00
36,00
38.00
40,00
42.00
48.00
54400
60,00
66.00
. 72,00

78.00 .

84.00
90.00
96.00
101.00
105.00
" 108.00
110.00
111.00
111.00
109.00
105,00
95,00
85.00
764.00
60.00

NNAS(T)

0.00
0.00
0.00
0.00
0.00
O.oo
0.090
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.oo
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
3.00
6.00
10.00
15.00
21.00
29.00
36.00
55.00
71.00
88.00
106.00



43
44
45
46
47
48
49
50

=Lt -

1999.00
2000.00
2001.00
2002.00
2003.,00
2004.00
2005.00

2006400

6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

22400
22.00
22.00
22.00
22.00
22,00

22.00-

22.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

47.00

35.00
24.00
14.00
6.00
0.00
0.00
0.00

127,00
145.00
162.00
178,00
192.00
204.00
210.00
216.00



- ZLl -

WDV S WN -

DATE T(1) CORRESPONDING

DATE T(I) CORRESPONDING

H{1)
«12000E+05
«24000E+05
«36000E+05
«48000E+05
«60000E+05
«72000E+05
«84000E+05
«96000E+05
«10800E+06
«12000E+06
«14400E+06
«16800L+06
«19200E+06
«21600E+06
+24000E+06
«26400E+06
«28800E+06
+31200E+006
«33600E+06
«35960E+06
«39440E+06
+45140E+06
«50740E+06
«56240E+06
«61440E+06
«606590E+006
+TL690E+06
«e7T6740E+06
«8L740E+06
«86740E+06
«92511E+06
«10005E+07
«10672E+07
«11320E+07
«11950E+07
«12563E+07
«13139E+07
«13680E+07
«l4114E+07
«14547E+07

TIeD)
«19570E+04
«19580E+04
+19590€+04%
«19600E+¢04
«19610E+04
«19620E+04
«19630E+04
«19640E+04
+19650E+04
«19660E+04%
«19670E+04
«19680E+04
«19690E+04
«19700E+04
«19710E+04
«19720E+04
«19730E+04
«19740E+04
«19750E+04
«19760E+04
«19770E+04
«19780E+04
+1G790E+04
«19800E+04
«19810E+04
«19820E+04
«19830E+04

«19340E+04

«19850E+04
«19860E+04
«19870E+04
«19880E+04
«19890E+04
«19900E+04
«19910E+04
«19920E+04
«19930E+04
«19940E+04
«19950E+04
«19960E+04

TO U308 COMMITTED H =

TO U308 COMMITYED H =

utr)
«60000E+04
«60000E+04
«60000E+04
+60000E+04
+60000E+04
«60000E+04
«60000E+04
+60000E+04
+60000E+04
«60000E+04
«60000E+04
«60000E+04
+60000E+04
«60000E+04
«60000E+0%
«60000E+04
«60000E+04
«60000E+04
«60000E+04
«59000E+04
+58000E+04
«5T000E+04
«96000E+04
«95000E+04
«52000E+04
«51500E+04
«+951000E+04
+50500E+04
«50000E+04
«50000E+04
+50000E+04
«50000E+04
«45000E+04
«45000E+04
«45000E+04
«45000E+04
«45000E+04
+45000E+04
+45000E+04
«45000E+04

«250E+07

e 540E+07



- el -

F(1,1)

«10000E+01
«10000&£+01
«10000E+01
+10000E+01
«10000E+01
«10000E+01

«10000€£+01

+10000E+01
«10000E+01
«10000E+01
«10000E+01
«10000E+01
«10000E+01
«10000E+01
«10000E+01
«10000E+01
«10000€+01
«10000E+01
«10000£+01
«90000E+00
+80000E+00
«70000E+00
«60000E+00
«50000E+00
O

0.

o.

0.

0.

O.

O.

o.

0.

0.

O.

0.

0'

o.

0. '

0.

Fl251)

« 40000E+00
« 30000E+00
« 20000€+00
+« 10000E+00

. 0,

0.
0.
o.
0'
0o
0.
0.
0.
0.
0.
0.

F{3,1)

4 O

0.‘

O.

0.

0.

o.

0.

0.

0.

0.

a.

0.

0.

0.

0. ’

c.

00

0.

o.
«10000E+00
«20000E+00
«30000€+00
+40000E+00
+50000E+00
«60000E+00

+700G00E+00

«80000F£+00
+90000E+00
«10000E+01
+10000E+01
.10000E£+01

.10000E+01

0.
0.
0.
0.
0.
0.
0.
0.

F(4s1)

00
«10000E+01
«10000E+01
+10000t+01
+10000E+01
«10000E+01
+10000E+01
«10000E+01
«10000E+01



- vl -

UG1,I)

«60000E+04
«60000E+04
+60000E+04
«60000E+04
«60000E+04
«60000E+04
+60000E+04
«60000E+0Q4
«60000E+04
+60000E+04
«60000E+04
+60000E+04
«60000E+04
«60000E+04
«60000E+04
+60000E+04
+60000E+04
«60000E+04
«60000E+ 04
«60000E+04
«60000E+04
«60000E+04
«60000E+04
+60000E+04
+60000E+04
«60000E+04
«+60000E+04
«60000E+04
«60000E+04
«60000F+04
«60000E+04
«60000E+04

- «60000E+04

«+60000E+04
+60000E+04
+60000E+04
+60000E+04
«60000E+04
«60000E+04
«60000E+04

0.
0.

ui2,I)

+60000E+04
+600C0E+04
+«50000E+04
« 60000E+04
+60000E+04
«60000E+04
+« 60000E+04
«60000E+04%
+«60000E+04
« 60000€+04
« 60000E+04
+ 60000E+04
« 60000E+04
+« b0000E +04
+60000E+04
«60000E+04
« 60000F +04
+« 60000E+04
+«60000E+04
« 60000E+04%
+« 60000E+04
+ b0000E+04
.60000E+04
« 60000E+04
«55000£+04
«55000E+04
+«55000E+04
« 55000€+04
«55000E+04
«55000€+04
«55000E+04
+«55000E4+04
«55000E+04
«55000E+04
« 55000E+04
+«955000E+04%
« 55000E+04
«955000E+0¢
» 955000E+04
«55000E404

0.
0.

J(3,1)

+60000E+04
«60000E+04
+60000E+04
«60000E+04
«60000E+04
+50000E+04
«60000E+04
«60000E+04
«60000E+04
+60000E+04
«60000E+04
+60000E+04
«60000E+04
«60000E+04
«60000E+04%
«60000E+04
«60000E+04
«60000E+04
+20000E+04
+50000E+04
«50000E+04
«50000E+04
«50000E+04
«50000E+04
+50000E+04
«50000E+04
«50000E+04
«50000E+04
«50000E+04
«50000E+04
«50000E+04
+50000E+04
+50000E+04
+520000E+04
+50000E+04
«>0000E+04%
+50000E+04
«50000E+04
«50000E+04
«50000E+04

0.
0.

Ut4,71)

+60000E+04
«60000E+04
+60000E¢+04
«60000E+04
+60000E+04
«60000E+0%
«b60000E+04
«60000E+04
+60000E+04
«60000E+04
«50000E+04
«60000c+04
«650000E+04
+60000E+04
+60000E+04
«60000E+04
«60000E+04
+60000E+04
+«60000c+04
.50000E +04
«50000E¢+04
«50000E+04
«50000E+04
«90000E+04
+50000E+04
»90000E+04
+520000E+04
«50000E+04
«90000E+04
«50000E+04
+50000E+04%
«50U0VE+O4
+45000E+0¢4
«45000E+04
«45000E+04
«45000E+04
+45000E+04
«45000E+04
+45000E+04
«45000E+04
«45000E+04



D.
D.
D.
D.
D.
De
D.
0.

- Sl -

0.
0.
0.
0.
0.
0.
0.

0.

Iy

«45000E+04
+45000E£+04
+45000E+04
+ 45000E+04
+45000E+04

«45000E+04

+45000E+04
+45000E+04



- 9Ll -

WV ONOUV &N

S WWWWWWWWWWlNRNNNNNNRN NN - e b b b st e s b
OOV NTUVSHTWNEHOOVDOINT NP WUNNOODTNOTWVMHSWN O

T(1)

1957.00
1958.00
1959,00
1960.,00
1961.00
1962.00
1963.00
1964.,00
1965.00
1966.00
1967.00
1968.00
1969.00
1970.00
1971.00
1972.00
1973.,00
1974,00
1975.00
1976.00
1977.00
1978.00
1979,00
1980.00
1981.00
1982.00
1983,00
1984.,00
1985.00
1986.00
1987.00

1988,00

1989.00
1990.,00
1991.,00
1992.00
1993,00
1994.00
1995.00
1996.,00

TL(L1,1)

1957.00

1958.00
1959,00
1960.,00
1961.00
1962.00
1963.00
1964.00
1965.00
1966.,00
1967.00
1968.00
1969.00
1970.00

1971.00

1972.00
1973.00
1974,00
1975.00
1976.00
1977.00
1978.00
1979.00
198C. 00
1981.00
1982.00
1983.00
1984.00
1985.00

1986,00

1987.00
1988.00
1989,00
1930.00
1991.00
1932.00
1993.00
1994,00
1995.00
1996.00

TL(2,1)

1967.00
1968.,00
1969, 00
1970.00
1971.00
1972.00
1973.00
1974,00
1975.00
1976.00
1977.00
1978.00
1979,00
1980.00
1981.00
1982.00
1983,00
1984.00
1985.00
1985, 00
1985.00
1985.00
1985.00
1985.00
1981.00
1982.00
1983,00
1984.,00
1985.00
1986.00
1987.00
1988.00
1989.00
1990.00
1991.00
1992.00
1993.00
1994,00
1995.00
1996.00

TL(3,1)

1967.00
1968.00
1969.00
1970.00
1971.00
1972,00
1973.00
1974.00
1975.00
1976.00
1977,00
978,00
1979,00

1980.00°

1981.00
1982.00
1983,00
1984.,00
1985.00
1985.00
1985.00
1985.00
1985.00
£985.00
19685.00
1985.00
1985.,00
1985.00
£985.00
1986.00
1987.00
1988.00

1989.00

£990.00
1991.00
1992,.00
19G63.00
1994.00
995,00
1996,00

TL(4y 1)

1967.00
1968.00
1969,00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982.00
1983.00
1984.00
1985.00
1986.00
1987.00
1988.00
1989.00
1990.00
1991.00
1992.00
1993.00
1994.00
1995.00
1996.00
1997.00
1998.00
1989,00
1990.00
1991.00
1992.00
1993.00
1994.00
1995.00
1996,00



=Ll -

OD N WS W=

T(1)

1957.00
1958.00
1959.00
1960.00
1961.00
1962.00
1963,00
1964.,00
1965.00

1966400

1967.00
1968.00
1969.00
1970,00
1971.00

2 1972,.00

1973,00

" 1974,00

1975.00
1976.00
1977.00
1978.00
1979.00
1980.,00
1981.00
1982.00
1983,00
1984.00
1985.00

'1986.00

1987.00
1988.00
1989.00
1990.00

'1991.,00
1992,.,00

1993,00
1994.00

1995,00

1996.00

Td(l,I)

1967.00
1968.00
1969.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982.00
1983.00
1984.00
1985 .00
1985.00
1985,00
1985.00
1985.00
1985.00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.,00
1981.00
1981.00
1981.00
1981.00
1981.00
1981.00

TU(2,1)

1967.C0
1968.00
1969.00
1970.,00
1971.00
1972.00
1973, 00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982.00
1983.00
1984,00
1985.00
1985.00
1985.00
1985.00
1985.00
1985.00
1985.00
1985.00
1985.00
1985.,00
1985.00
1985.00
1985.00
1985, 00
1985,00
1985.00
1385.00
1985.00
1985.00
1985,00
1985.00
1985.00

TU(3,1)

1967.00
1968, 00
1969.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.00
197700
1978.00
1979.00
1980.00
19681.00
1962.00
1983.00
1984 .00
1985.00
1986.00
1987.00
1988.00
1989.00
1990.00
1991.00
1992.60
1993,00
1994 .00
1995.00
1996 .00
1997.00
1998 .00
1989.00
1989 .00
1969.00
1989.00
1989.00
1989.00
198900
1989.00

TU(4»1)

1967.00
1968.00
1969.00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
1980.00
1981.00
1982.00
1983,00
1984.00
1985.00
1986.00
1987.00
1988.00
1989,00
1990.00
1991.00
1992.00
1993.00
1994,00
1995.00
1996.00
1997.00
1998.00
1999.,00
-2000.00
2001.00
2002.00
2003,00
2004.00
2005.00
2006.00



= 8l -

SUEL USED 3Y ALL PLANT: uP THROUGH TAU(K)

TAULK) SUEL USED M(K)
1957.00 C.

1958.00 «1200000E+04
1959,00 +«3600000E+04
1960.00 « 712C0000E+04
1961.00 «1200000E+05
1962,00 «1800000E+05bH
1963.00 «2520000E+05
1964.00 «3360000E+05
1965.00 +4320000£+05
1966.,00 «92400000E+05
1967.00 «6600000E+05
1968.00 «7920000E +05
1669.00 +«9360000E+05
1970.00 «10G2000E+06
1971.00 «1260000E+06
1972.00 ' «1440000E+06
1973.00 «1532000E+06
1974,00 «1336000E+06
197,00 «2D52000E+06
1976400 +2280000E+06
1977.00 «2520000t+06
1978.00 «2772000E +06
1979.00 «3060000E+06
1980.00 «3384000E+06
1981.00 «3744000E+06
1982.00 «4135000E+06
1983,00 +4357000E+06
1984,00 +5010000E+06
1685,.,00 «9494000E+06
1986, 00 «5344000E+06
1987.,00 «6426708E+06
1988.00 «6939833E+06
1989.00 « 7481083E+06
1990.,090 «8041667E+06
1991.00 . «8619792E+06
1992,00 . «9213667E+06
1993.00 «9324208E+06
1994,00 «1044783E+07

1995, 00 «1109179E+07
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1996 .00
1897.00
1998,00
1999, 00
2000.00
2001.00
2002,00
2003.00
2004,00
2005400
2006.00

«117290&E+07
«1236242E4+07
«129949ZE+07
«13608BEE+07
«142130€E+07
«1480932F+07
«153994ZE+07
«1598242E+07
«Ll656192E+07
«1713067E+07
«1771567E+07
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FUEL PRICE CORRESPONDING TO TIME TAU(K}

TAU(K)

1957.00
1958.00
1959.00
1960, 00
1961.00
1662.,00
1963.00
1964.00
1965.00
1966400
1967.00
1968.00
1969.00
1970.00
1971.00
1972.00
1973.00
1974,00
1975.00
1976.00
1977.,00
1978.00
1979.00
1980.,00
1981.00
1982.,00
1983.00
1984.00
1985.,00
1986400
1987.00
1988400
1989.00
1990, 00
1991.00
1992.00
1993, 00

PSI(K)

«1000000E+01
«1000000E+01
«1000000E+01
+«1000000E+01 .
«1000000E+01
«1000000E+01
«1000000E+01
«1000000E£+01
«1000000E+01
+1000000E+01
«1000000E+01
«1000000E¢01
«1000000E+01
«1023000E+01
«+1065000E+01
«1110000E+01
«1158000E+01°
«1209000E+01
«1263000E+01

"«1320000E+01

«1380000£+01
«1443000E£+01
«1515000€E+01
«1596000E+01
«1685000E+01
«1783750£+01
«1889250E+01
«2002000E+01-
«2098800E+01
«2188800E+01
2285342401
«2387967E+01
«2496217E+01
«2608333E+01
«2723958E+01
«2842733E+01
«2964842E+01



38
39
40
41
42
43
44

45,

46
&7

.48

- Let -

49
50

1994,00
1995.,00
1996.,00
1997.09
1998.09
1999.0‘)
2000.02
2001.00
2002.00
2003.00
2004.00
2005,.,09
2006.00

«3201525E+01
«3491306F+01
.3778087E+01
«4063087E+01
«4347712E+01
«4623994E+01
«4B95887E+01
«5164200E+01
«5429737E+01
.5692087E+01
.5952862E+01
.6208800E+01
«6472050E+01
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AVIRAGE COST VALUES FOR REACTURS STARTED UP IN YEAR TAU(K)

TAU(K)

1957,00

1958.,00
1959.00
1960.,00
1961.00
1962 .00
1963,.00
1964.00
1965‘.00
1966.00
1967.00
1968.00
1669.,00
1970.,00
1971.00
1972.00
1973.00
1974.00
1975.00
1976400
1977.00
19738.00
1979.00
1980, 00
1981.00
1982.00
1983.00
198 4,00
1985.00
1986.00
1987.00
1988.00
©1989,00
1990.00
1991.00
1992,00
1993.00
1994,00

AVG. COST

 .1000000E+01

1000000t +01
«1000000E+01
«1001150E+01
«1005550E+01
«1014300E+01
«1027700E£+01
«1046050F+01
«1069650E+01
«1098800E&+01
+«1133800E+01
«1174950€401
«1222850E+01
«1277250E+01
«1336950E+01
«16401688E+01
«1471938E+01
«1548150E+01
«1629590E+01
«1667156E+01
«1706800€+01
«1748986E¢01
«1793983E+01
«1841680E+01

0.

C.

0.

C.

0.

0.

0.

0.

OI

O.

0.

0.

0.

0.

REGION

Pt bt B pod et o e P ek ek pd et et Pt bt ot o bt e e et o P et e et b et e bt et e el et e i
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1995.00
1996.00
1997.00
1998,00
1999, 00
2000.00
2001.00
2002.,00
2003.00
2004,00
2005.00
2006.,00
1957, 00
1958 .00
1959,00
1960.00

1961,00 -

1962.,00
1963.00
1964.00
1965.00
1966,.,00
1967.00
1968,.,00
1969.00
1970.00
1971.00
1972,00
1973.00

1974.00 .

1975.00
1976.00
1977.00
1978, 00
1979,00
1980,00
1981.00
1982.00
1983.00
1984,00
1985.00
1986.00
1987.00
1988, 00
1989.00
1990.00
1991.00

o.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
C.
0.
0.
0.
0.
(VS

‘0.

0.
0.
0.
0.
0.
0.

0

0.

0.

0.

0.

O.

0.

0.

0.

0.
«1891850E+0°
«1944175€+01
<1998013€+01
«2050400€+0;

0.

0.

0.

0.

0.

0.

0.

NN NNNMNNNNNNNONNNPODNNDND NN NN NN NN NN RN N b e o b e e 2 e P e
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1992.00
1993.00
199 4. 00
1995,00
1996.00
1997.00
1998.00
1999.00
2000, 00
2001.00
2002 .00
2003.00
200400
2005400
2006.00
1957.00
1958.00
1959.00
1960.00
1961.00
1962.00
1963.00
196 4,00
1965400
1966.00
1967.00
1968.00
1969, 00
1970.00
1971.00
1972.00
1973,00
1974.00
1975.00
1976.00
1977.00
1978, 00
1979.00
1980.00
198100
1982.00
1983,00
1984.,00
1985.00
1986.00
1987.00
1988 .00

0.
0.
0.
0.
0.
ol
0.
o.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O
0.
0.
0.
0.
O.
0.
0'
0.
0.
0.
0.
0.
0.
0. .

«2143800E+01
«2190435E+01
«2239175€+01
«2289904E+01
«2342378£+01
«2396340E+01
«2451626E+01
«2508146E+01
«2572039E+01
«2649477E401
«2798567€+01
«2966918E+01
«3153793E+01

WWWWwLWWWWwLwWwwWwWwLwwwwwwwwwwiwwwwwwwwwmnihrnnharnhroNvdrhNNdroNoN
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1989.,00
1990,00
1991,00
1992.00
1993.00

-1994,00

1995.00

1996.00

1997,.,00
1998.00
1999,00
2000,00
2001.00
2002.00
2003,00
2004,00
2005.00
2006,00
1957.00
1958,.,00
1959,.00
1950.00
1961,.00
1962.00
1963,00
1964,00
1965.00

1966, 00.

1967.00
1968.00
1969.00
1970.,00
1971.00
1972.00
1973.00
1974.00
1975,00
1976.00
1877.00
1978,00
1979.00
1980,00
1981.00
1982.00
1983, 00
198 4,00
1985,00

.b4~.1~4~4~4~4~4~a&»oeaaaaa&e&&4\4\4‘4\&bbwwuwwuwwwwwwuu'wwww
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30 1986400 0. 4
31 1987.00 0. 4
32 1988 .00 0. 4
33 1989.00 +3358169E+01 4
34 1990, 00 «3578936E+01 4
35 1991,00 +3815325F+01 4
36 1992.00 c4056686E+01 4
37 1993,00 +4332400E+01 4
38 199 4,00 +4606329E+01 4
39 1995,00 «4B79771E+01 4
40 1996.00 «5150344E4+01 4
41 1997.00 0. 4
42 1998, 00 0. 4
43 1999,.00 0. 4
44 2000,00 0. 4
45 2001.00 - 0. 4
47 2003,00 0. 4
48 2004.00 O 4
49 2005,.00 0. 4
50 2006,00 0. 4

VENDOR A COST = «20000E+09

VENDOR B COST = «10000E+09

VENDOR C €OST = .,75000E+08

GOVERNMENT SUPERVISION COST = « 187508 +09

TOTAL FIKST TIME =NGINEERING COST = «9000000E+D7

NASAP DEVELOPMENT CONTRIBUTION TO NASAP POWER COST = +23991E+00 MILLS/KWHRE

NASAP DEVELOPMENT COST = «25699E+01 (BILLONS $)



CUMULATIVE NASAP R+D COST

- L2l -

YEAR

19357.00
1358.,00
1359.,00
1960.00
1961.00
1962.00
1963.00
1964.00
1965.,00
1966.,00
1967.00

1968,.,00 -

1969.00
1970.00

1971.00

1972.00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.,00
1979.00
1980.00
1981.00
1982.00
1983,00
1984.00
1985.00
1986, 00
1987.00
1988.00
1989.00
1990.00
1991, 00

1992,.,00

1993.,00
1994,00
1995.00

COST (BILLIGNS %)

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
"«13669535E-02
+5467819:-02
«1366955€£-01
+2733910z-01
«4764342E-01
«7654947E-01
«1161912E+00
«1695024E+00
+2446849E+00
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1956.00
1997,00
1998.00
1999.00
2000.00
2001.00
2002.00
2003.00
2004.00
2005.00
2006.00

TQ(K)

«3417387€+00
«4620307E+00
«5096619E+00
«7832651E+00
«9814736E+00
«1202920E+01
«1346238E+01
«1708694E+01
«1987552€+01
«22T74613E+01
«2569875E+01

«99444E+400
«66612E+00
+49579E+00

Vi)
«20897TE+03
«20007E+03
«16327E+03

1W{K)
«50516E+03
«30702E+03
«148303E+03



LWR'DEVELOPMENT CONTRIBUTIONS TO LWR POWER COSTS (MILLS/KWHRE) FOR PERILIUD K ARE

- 6cl -

K MIL LS /KWHRE
1 «15595€£-01
2 +31219€-01
3 «93C65E-01

LWR DEVELOPMENT COST =

CUMULATIVE COST OF LWR R+D

+63648E+00 (BILLIONS 3)

(RILLIDNS %)

I YEAR J=2
1 1957.00 0. 0. (VN
2 1358.,00 0. 0. 0.
3 1959,00 0. O 0.
4 1960.00 0. 0. - 0.
5 1961.,00 0. 0. 0.
6 1962.00 0. 0. 0.
T 1963.00 0. 0. 0.
8 " 1964,00 0. 0. 0.
9 1965.00 V1 0. 0.
10 1966400 O. 0. 0.
11 1967.00 0. 0. 0.
12 1968.,00 0. 0. ! 0.
13 1969,00 0. 0. 0.
14 1970.00 0. ~ 0. 0.
15 1971.00 0. 0, 0.
16 1972.,00 0. 0. 0.
17 1973,00 0. 0. 0.
18 1974.00 0. O. O.
19 1975.00 0. 0. 0,
20 1976.00 0. 0. 0.
21 1977.00 0. 0. 0.
22 1978.00 0. 0. 0.
23 1979,00 0. 0. .0,
24 0, 0. 0.

1980.00
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25
26
27
28
29
30

31.

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

1981.00
1982.00
1983.00
1984,00
1985.00
1986.00
1987.00
1988.00
1989,00
1990.00
1991.00
1992,00
1993,00
1994.,00
1995,00
1996.00
1997.00
1998.00
1999,00
2000.00
2001.00
2002.00
2003,00
2004.00
2005.00
2006.00

+63492E-01
«6699CE=-01
«70655E-01
. 74492E-01
. 78506E-01
.82705€-01
«87143E-01
«91940£-01
«96979E-01
«10221E+00
«10721E€+00
«11208E+00
«11682E+00
«12140£+00
«12561E+00
.12948E+00
«13296E+00

"«13589E+400

«13830E+00
«14018E+00
«14152E+00
«14235E+00
+14272E+00
«14272E+00
«14272E+00
«14272E+00

0.
O.
0.
0.

¢31954E+00
«326G9E£+00
«334T4E+00
«34277E+00

«35103E+00

«35950E+00

"«36812E+00

«37686E+00
«38560E+00
+39420E+00
«40222E+00
«40965E+00
«41640E+00
«42212E+00
«+42682E+00
«43050E+00
+43316E£+00
«43479E+00
«43552E+00
«43552€E+00
«433552E+400
«43552E+00

0.

0.

0,

0.

0.

0.

0.

0.
+55711€E+00
«55372E+00
«57058E+00
«HTTH9E+00
«5B493E+00
»959228E+00
«959929E+00
«60621E+00
«+61314E4+¢00
«62012€£+00
«62576E+00
+63020E+00
+63346E+00
«63552E+00
«63648E+00
«63648E+00
«63648E+00
«63648E+00

TOTAL DEVELOPMENT COST = «32064E+401 (BILLIONS )

CUMULATIVE TOTAL COST OF R+D

YEAR €COST (BILLIONS $)
1957.00 . 0.
168,00 0.
1959.00 0.
1960.00 0.
1961.00 0.
1962.00 0.
1963.00 0.
1964.,00 0.
1965.,00 0.

1966.00 0.



i
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1967.00
196800
1969.,00
1970.00
1971.00
1972.00
1973.00
1974.00
1975.00
1976.00
1977.00
1978.00
1979.00
19680.00
1981 .00
1982.00
1983.00
1984.00
1985.00
1986.00
1987.00
1988400
1989.00
1990,00
1991.00
1992 .00
1993,00
1994, 00
1995, 00
1996 .00
1997.00
1998,00
1999.00
2000.00
2001.00
2002.00
2003.00
2004 .00
2005, 00
2006 .00

«24652E+03 A2=

YEAR

Q.
«1366955E-02
«5467819€E-02
«5707833€E+00
«95910602E+00
«6184230E+00
«6542345E+00
«7011259E+00
«T7T617842E+00
«8439778E+00
09479489t +00
«1075168E+01
«1229786E+01
«1409027E+01
2+1611674€+01
«1836385E+01
«2081759E+01
«2345169€E+01
«2624028E+01
«2911089E+01
«3206351€£+01

«48593£402 A3

ALCT)

«57915E+402

S A24)

A3(I)
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195740
1958.0
1959.0
1960.0
1961.0
1962.0
1963.0
1964.0
1965.0
1966,.,0
" 1967.0
1968.0
1969.0
1970.0
1971.0
1972.0
1973.0
1974.0
197540
1976.0
1977.0
1978.0
1979.0
1980.0
1981.0
1982.0 .
1983.0
1984.0
1985.0
1986.0
1987.0
1988.0
1989.0
1990.0
1991.0
1992.,0
1993.0
1994.0
1995,0
1996.0

THE FUEL CYCLE COST

.15148E+01
«30295E+01
«456443E4+01
+60599E+01
«75783E+01
«91045E+01
«10640E+02
«12190E+02
13757E+02
«15347E402
«18579E+02
21874E+02
«25241E+402
«28B690E+02
«32230E+02
«35868E+02
«39613€+02
«43473E+02
«4T456E+02
+51460E+02
«957498E+02
67617E+02
«77793E+02
«BB024E+02
«97817E+02
10777403
«11788E+03
«12815E+03
«13863E+03
«14948E+03
«16188E+03
«17833FE+03
«19181€E+03
«20478E+03
«21719E+03
«22896E+03
«23881E403
«24652E+03
24652E403
«24652E+03

«25584E+03

«31610E+01L
«6:2105E+01
+«90886E+01
118178402
«14399E+02
+16840E+02
«19144E+02
«21313E+402
+23351E+02
«29258E+02
«28BL4E+02
+«32108E+02
«35139E+02
«3T898BE+02
«40376E+02
«42559€402
«44431E+02
s 459 75E+02
«47170E+02
«4T9TBE+02
+48593E+02
«48593E+402
«48593E+02
« 48593E+02
» 4859 3E+02
«4B593E+02
«4B8593E+02
«4B593E+02
«4B593E+02
«48593E+02
«48%93E4+02
«48593E+02
«48593E+402
s 48593E+02
«48593E+02
«48593E+02
»48593E+02
»48593E+02
¢ 48593E402
4 B8593E+02

0. )

«63421E+D)
«19473E+01
¢+ 39304E+01
«68202E+01
«10493E+02
«15394E+02
«21474E+)2
«29TT8E+0?2
«43587€+)2
« I TFL5E+D2
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CUMULATIVE FUEL cosT

YEAR COST (RILLIONS %)

1957.00 -.1666241E+01
£1958,00 -+3181006E+01
1960,00 -+¢5756803E+01
1961.00 " —456820081E+01
1962 .00 ~e7735438E+01
1963,00 -+.8503310E+01
1964.00 -+9123167E+01
1965.00 -¢9593422E+01
1966,00 ~e9911341E¢01
1967.00 -.1023456E+02
1968,00 -.1023456E+02
1969.00 .  «,9897352E+01
1970.00 -e9207952E+01°
1971.,00 =+8145973E+01
1972.00 ' ~«b6690777E+01
1973.00 -+ 4B18575E+401
1374.00 ~e2502666F401
1975,.00 «2855813E+00
1976.,00 «3481627€+401
1977,.00 «8904829E+01
1978.,00 «1902393£+02
1979,00 «2919948E+02
1980.00 ©3943033£+02
1981.,00 «4922396E+402
1982.00 +5917512E+02
1983,00 "« b6928245E+02
1984,00 2 T955715E+02
1985,00 «9003296E+02
1986,00 «1008852E+013
1967.00 «1139243€+03
1988 .00 e1316860E+013
1989.,00 e 1472084E+03
1990, 00 +1630073E+03
1991.00 «1790913E+03
1992.G0 . «1954634E+013
1993,00 «2116887E+023

1994,00 T e2277025E+03



1995.00
1996 .00

Bla «33314£+03 B2=

«2415120E+03
«2558394E+03

«77520E402

THE TOTAL CAPITAL COST AFTER 1978 =

CUMULATIVE CAPITAL COST

YEAR

1957.00
1958.,090
1959.00.
1960400
1961.00
1962.G0
1963.09
1964,00
1965 .00
1966.00
1967.0C0
1968.00
1969.00
1970.00
1971.,00
1972.00
1973,00
1974,00
1975,00
1976.00
1977.00
1978.00
1979.00
1980.,00
1981.,00
1982.00
1963.00
1984.00
1985.00

- PEL -

COST (DOLLARS)

-.1621085€-13
-.2B42171E-13
-.5684342E-13
-.5584342E-13
-.1136868E-12
-.1705303E-12
-4 2273737E-12
~.2273737E-12
~e45474T4E=12
-0 45474 74E-12
-.5584342E-12
~.7958079E-12
-e9094947E-12
-.1136868E-11
-.1136868E~-11
-.1591616E-11
-.1318989E-11
-.2046363E-11
-.2273737E-11

«1500000E+0C
«6000000E+00
«1725000E+01
«1%44500E+02
«2754000E+02
«4186000E+02
+5655500E+02
«7162500E+02
«BT07000E+02
«1G08400E+03

B3

= «24655€£+03

+50213E+03

{DOLLARS)
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1986 .00 «1146100E+403

1987, 00 ¢1349590E+03
1988.00 «1631879E+03
1989.00 «1964499E+03
1990.00 «2310211E+03
1991.00 «2667906E+03
1992.00 «3061152E+03
1993,00 +3486082E+03
1994.,00 «3940126E+03
1995.,00 +4486066E+03
1996.,00 «95021787€+03
OPZRATION/MAINTENANCE CONTRIBUTION TO POWEK COST = «12632E+02

CUMULATIVE OPERATION/MAINTENANCE COSTY

YEAR COST (BILLIONS %)
1957.00 -.1041401E+00
1958.,00 -.1988129E+00
1959.00 ~.2840184£+00
1960.00 ~+3597566€£+00
1961.00 -+4260276E+00
1962.00 —«4828313E+00
1963.00 -+5301677E+400
1964, 00 ~+5680368E+00
1965.,00 —+5964386E+00
1966.00 -+6153732£+00
1967.00 ~«6343078E+00
1968.00 ~+6343078E+00
1669.00 -+6153732E+00
1970, 00 -e5775041E+00
1971 .00 -+5207004E+00
1972.00 ~e4449622E+00
1973.00 -+3502894£+00
1974.00 -+2366820E+00
1975.00 ~+1041401E+00
1976.00 «4733640£-01

1977.00 - «3029530E+400



1978.00 «7763170E+00

1979.00 «1249681E+01
1980, 00 «1723045E+01
1981.00 «2196409E+01
1982.00 «2669773E+01
1983.00 «3143137E+01
1984.00 «3616501t+01
1985,00 +4089865€+01
1986,00 «4563229E+01
1987.00 «9140908E+01
1988.00 «5917576E+01
1989,00 »6703886E+01
160,00 «7499839E+01
1991.00 4 «8305434E+01
1992,00 +9120672E+01
1993.00 «9955196E+01
1994.00 «1080900E+02
1995,00 «1172067E+02
1996.00 , «1263233€+02

" TDVAL LWR + NASAP CHOICE COST TO YEAR = 2006 .00

w

T TOTAL COST =  .77386E+03

CUMULATIVE TOTAL COST

YEAR COST (BILLIONS %)
1957.00 -+1770381E+01
1958.00 =+3379819E+01
1959.00 -«4828313E+01
1960. 00 -e6116560£+01
1961.00 ~«7246108E+01
1962.00 . =+B8218269E+01
1963.00 ~+9033478E+¢01
1964.00 ~eP691204E€+01
1965.,00 ~+1018986E+02
1966 .00 -«1052671€+02
1967,00 ~«1086687E+02
1968.00 ~+10868B7E+02
1969,00 -+1051323¢£+02



- LEL -

L Y

1970.00
1971.00
1972.00
1973,00
1974.00
1975,00
1976, 00
1977.00
1973,00
1979.00

. 1980,00

1981, 00
1982.00
1983, 00
1984.,00
1985.,00
1986,00
19687.00
1983 .00

1989,00

1990.00
1991.00
1992.00
1993,00
1994,00
1995,00
1996,00
1997,.00
1998.00
1999,00
2000.,00
2001.,00
2002,00

 2003.00
2004,00 -

2005.,00
2006,00

-« 9T785456£+401
-286066674£+01
-«7135739E+01
-«5168864E£+01
~e2739348E+01
- +1814412€+00

«3678964E+01
«9807782E+01
«2152525€+02
«4489416€+02
«b6869337E+02
+9328037E+02
«1183999€+03
+1440506E+403
«1702437E+03
«1949628E+03
«2200584E+01
«2540256€+013
«3007969E+01
+3509330£+03
+4021194E+03
«4543058€E+03
+2113536E+03
«5709532E+013
«6332859E+013
«7026832E+01
«7715984E+013
e 7T717256E+403

.« 7718802£+03

«7720595€+03
« 7722621E+03
«7724868E+03
«7727322E+03
e 7729956E+03
e 7732745E+03

+ 7735615E+03 -

«7738568E+03





