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1.0 INTRODUCTION

As utilities become more committed to nuclear power and more fossil-
fired plants are retired, nuclear power reactors will be pressed into peak-
load pickup service; therefore, nuclear reactors will deviate strongly from
the base-load situation. Consequently, there is some question as to the
effect this deviation will have on fuel cycle costs.

Coates (1), in a review of previous work involving fuel cycle costs and
cash flows, classified these studies into four categories:

(1) those involving solely the reactor core subsystems;

(2) those involving the reactor core and fuel cycle as a subsystem;

(3) those involving the plant system as a whole;

(4) those involving numerous nuclear plants in the general nuclear

economy.
The calculational schemes for these studies grew more complex as automated
computing machines became more sophisticated. Schwieger (2) and Fagan (3)
have discussed various core physics computer codes which can be integrated
into a cash flow study. Also, they have commented on each code's capability
and complexity. Bloomster, et.al. (4), Deonigi, et.al. (5), Eschbach, et.al.
(6), and Salmon (7) have developed sophisticated techniques for fuel cycle
costs calculations. However, all of these different methods assume a constant
power generation rate over a figitg time period which varies from one year to
thirty years.

Consequently, the purpose of this work is to determine the effect that the
deviation from the base-load assumption over the thirty year life of a light
water reactor will have on:

(1) scheduling of refuel shutdown periods;



(2) present worth of cash flows for U purchase, conversion, enrich-

3%
ment, fabrication, shipping, reprocessing, and uranium and

plutonium credits;

(3) total cash flows.



2.0 THEORY

2.1 Burnup

fuel

Benedict and Pigford (8) have derived a group of equations which describe

burnup under the following assumptions:

a)
b)
¢)
d)

e)

£)

g)

h)

One group theory is applicable.

Burnup is spatially independent.

Burnout of fission products is negligible.
Microscopic cross-sections are constant.

The following reactor parameters remain constant:
(1) fast fission factor, €,

(2) fission to thermal non-leakage probability, Pth’
(3) fission to resonance non-leakage probability, Pls
(4) resonance escape probability, p,

(5) thermal leakage factor, DBZ.

Absorption rate of thermal neutroms in cladding and structural
materials can be represented by a single term, ZST¢’ where EST is an
average macroscopic absorption cross-section and ¢ is the thermal flux.
Absorption rate of thermal neutrons in fission products other than
xenon and samarium can be represented by a single term, NFFUFF¢‘
where NFF is the atomic density of all fission products, and Oprp is
the microscopic absorption cross-section for the fission products.
Absorption rate of thermal neutrons in xenon and samarium is directly

proportional to the rate of thermal neutron absorption in all

fissionable species and may be represented by the term, Z:erjU.¢,

j ]



where
rj = poison ratio of jth species,
Nj = atomic density of jth species,
dj = microscopic absorption cross-section of jth species.

The rate of change of the atomic density of U-235 is given by

25
dt

dN, o (£) = =N, (t)o,.6(t), (1)

o

If NZS(O) = NZS'

then the solution to Eq. (1) is

5 t

- i ' '
N25(t) = Ny exp(-0,¢ Io ¢(t')de'). (2)

If ¢(t') is a constant,

t

JO ¢p(t')dt' = ¢t. (3)
Equation (2) becomes

p— 0o o
st(t) = N25exp( 025¢t). (4)

Since U-236 is produced by absorption of a neutron in U-235 and is

consumed by the absorption of a neutron, its rate of change is

Ny () = Nyg(£)0,50550 Ny (60
dt 1+ a25

s b ()

The solution to Eq. (5) is



N26(t) = CO[ EXP(-626¢t) - GKP(—025¢t) ] + Ngﬁ EXP(_026¢t)s (6)

where
N26 = atomic density of U-236,
Tyg = microscopic absorption cross section of U-236,
% Ny5%25%25
(05 = 926) (1 + %55
u25 = capture to fission ratio of U-235,
N;6 = atomic density of U-236 at t = 0.

The rate of change for Pu-239 is

dNag(t) = N28(t)028¢ + n25eP1(1 - p)NZS(t)025¢

dt

Absorption of Absorption of resonance
thermal neutrons neutrons from U-235
in U-238 fission in U-238

+ n495P1(1 - p)Nég(t)c4g¢ + n4geP1(l - P)Nhl(t)041¢

Absorption of Absorption of resonance
resonance neutrons neutrons from Pu-241
from Pu-239 fission in U-238

fission in U-238

If the change in U-238 is negligible,

where

RTINS E
Absorption of
thermal neutron
in Pu-239
N, (t) = N (8)
28 28°*

NS = initial charge of U-238.

28

For the case of no plutonium recycle, the contribution of resonance neutrons

from Pu-241 is negligible. Therefore, it can be neglected.

An arrangement of Eq. (7) and definition for fissionable species, m,

)



K =nep,Q-p) (9)
and
vy=1-~- K49 (10)
yields
— O -
dNag(t) = N28028¢ + K25N25(t)025¢ YN49(t)049¢. (11)

dt
The solution of Eq. (7) is
Nag(t) = Cl + Czexp(—025¢t) - (Cl + 02 - C3)exp(—7049¢t) (12)
where
o
1~ Nag%s,
Y9%g9

_ il
€y = Ny5ky50s5

Y949 = 995

The rate of change for Pu-240 is due to the non-fissioning absorption of

a neutron in Pu-239 and the absorption of a neutron in Pu-240:

dN o (8) = @ gN, 5(t)0, ¢ = N ()0, ¢ (13)

dt 1+ 349

The solution to Eq. (13) is

NAO(t) = C4 + Csexp(-025¢t) - C6exp(-yd49¢t) - (04 + C5 - C6 - CY)exp(—040¢t)

(14)
where
™ %u9%9% |
(1 + 0,909,
s = %,9949%2 ,
A+ 290, 9ys)



Co = %49%49(% + Cy ~ Cq)
(1 + aag)(dho - YG49)
Cy = Nyn(0).

Pu-241 is produced by the absorption of a neutron in Pu-240 and is de-

pleted by the absorption of a2 neutron. The rate equation is

—_—

dt
The solution to Eq. (15) is

N&l(t) = C8 + Cgexp(—025¢t) + Cloexp(—041¢t)

+ Cllexp(—yc49¢t) + Clzexp(—040¢t) (16)
where
Cg = €490,
%1
Cg = C5%p ,
91 = %25
C, .= C o
10 Gyc N FC T -C-C-C, -
41 49 040 041 - 640 041
C..= -C
11 - 6O 9%0°
41 " 44
Clo= (c, + C_ - C, - C.)o
. " Y5 T Vg 77%%0,
%1 ~ %0
o—
Ny = Ny (O

The rate of formation of fission products from U-235 is

25, . _
AN (£) = N, (£)0,c0.

dt 1+ a25

(17)




The solution to Eq. (17) is

25
N7 (E) = Ng5 [1 - exp(-0,.4t)]. (18)
1+ GZS

The rate of formation of fission products from Pu-239 is

49, . _

(19)
dt 1 + 049
Solving Eq. (19) yields
%) = 0,0 [c.et + C[1 - expl-a..6t)]
F 49 1 & 25
Lo, %5
- [Cl + C2 - C3][1 - exp(-7049¢t)]]. (20)
Pu-241 fission products are formed according to
41 _
dz () = N, ()0, 9. (21)
dt 1+ a&l
The solution to Eq. (21) is
Nﬁl(t) = o ot + C,[1 - exp(-0,.¢t)]
F 41 8", 9 . 25
1+ u&l 025
+ Cioll - exp(-0,,6t)] + €, [1 = exp(-yo,4¢t)]
%41 Y99
+ 012[1 - exp(—040¢t)] . (22)
%40

From the definitions of v and €, a neutron balance on the fast fission

of U-238 yields

28 25 49 41
Ny (t) = & — 11[u25NF (t) + V4oV () +v Ng (t)]. (23)

F 41
Vog~

A mass balance on U-238 then yields



_ 0 28 _ _ 49 _ _ A |
Nyg(£) = Moo = NZ(6) = N,g(£) = NP'(6) = N, (£) = N, (£) - N3l (o).

For fissionable species m,

= = ] =T %
My = MpfPepP = 1 - T

the total reactivity is then defined:

P = E‘zs“zs(t)dzs¢  lygNugltia,gb + i, N, (e,

2
DB ¢ - Lgpd - NHZO(t)0H20¢ = Nyg(t)opgd = Ny (t)o, .0

- N, (00,00 = [NF() + NaD(e) + NE2(e) + Ngl(t)]oFF{]

el PNy 5N, (£)oy g + N, g (E)0, g + myq N,y (B)0,, T,

(24)

(25)

(26)
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2.2 Fuel Cycle

2.2.1 Mass balances

Figure 1 (9) depicts the mass flow through the fuel cycle. If the pre-
irradiation material requirements are known, one can back calculate to determine
the material needed prior to each activity. These calculations can be
performed using the following procedure.

If FREAC is the amount of uranium required prior to irradiation, the
amount of uranium needed for fabrication, PFSH, is

PFSH = 1.1 FREAC. (27)
The amount of uranium in the excesses and losses stream, FLEX, can be found
from the relationship

FLEX = 0.1 FREAC. (28)

The uranium requirement, ENRIC, for enrichment is determined by Eq. (29)

ENRIC = PFSH(XP - XW), (29)
(XF - XW)
where
XP = product enrichment,
XF = feed enrichment,
XW = tails enrichment.

The amount of uranium lost in the tails stream, TAIL, can be found by a mass
balance on the enrichment process
TAIL = ENRIC - PFSH. (30)
The requirement for conversion, CONV, is determined by
C@NV = 1,005 ENRIC. (31)
Finally the amount of~U308 {(in pounds), PUR, is determined by the conversion

of Eq. (31):
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PUR = C@NV x z.zgsusx 1Kg U0, (32)
g .848Kg U

To determine the amounts of uranium and plutonium leaving the reproces-
sing plant, the following procedure can be used., If the amounts of U-235,
U-236, and U-238 entering the reprocessing plant are GB25, GB26, and GB28,
respectively, the amount of uranium leaving the plant, UREP, can be found
from

UREP = 0.987(GB25 + GB26 + GB28) (33)

Similarly, if GB49 and GB41 represent the amounts of Pu-239 and Pu-241,
respectively, entering the reprocessing plant, the amount left after losses,
PURE, is determined from Eq. (34)

PURE = 0.99(GB49 + GB4l) (34)
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2.2.2 Cash Flow

Table 1 (4) is a list of the fuel cycle activities, the unitized cost for
each activity and the duration for each activity. The reprocessing costs
were determined by the Nuclear Fuel Service, Incorporated (NFS) model (4).
If the material requirements for each activity are known, the cost cash flow
can be calculated.
For U308 purchase, if CFl is the unitized cost, then the total cost,
CO0S1, can be calculated from
C0S1 = CFl1 x PUR. (35)
For conversion and shipping, CF2 is the unitized cost, and C0S2 is the
total cost.
CO052 = CF2 x ENRIC. (36)
For enrichment, the number of kilograms separative work units, DELTA,
is defined by
DELTA = TAIL x ¢$(XW) + PFSH x ¢(XP) - ENRIC x ¢(XF), (37)
where
$(X) = (O - 2X)log((1 - X,)/X,]
The total cost for enrichment, C0S3, is determined by Eq. (38) where CF3 is
the unitized cost of enrichment.
C0S3 = CF3 x DELTA. (38)
The total cost for fabrication is found from Eq. (39) where COS5 is the
total cost and CF5 is the unitized cost.
C0S5 = CF5 x FREAC. (39)
Equatlion (40) can be used to determine the total pre-irradiation
shipping cost, COS5A, using a unitized cost, CF5A.

COS5A = CF5A x FREAC. (40)
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Table 1: Activities, Unitized Costs, and Time Durations
for the Fuel Cycle Model

Activity Unitized Costt Duration(Weeks)

U308 Purchase $8/1b U308
Conversion and Shipping $2.20/KgU 14
Enrichment $26/Kg.S.W.U 9
Pre-Fabrication Shipping 0.%T 2
Fabrication $100/KgUt+tt 9
Pre-Irradiation Shipping $3/KgU 2
Pre-Irradiation Down Time A
Post-Irradiation Down Time 4
Cooling 17
Pre-Reprocessing Shipping $7/KgU 3
Reprocessing NFS Model NFS Model
Conversion of Reprocessed Uranium $5.60/KgU
Post-Irradiation Shipping 0.1ttt 4

T Unitized costs are based on the amount produced during each activity.

Tt Included in the fab;icqtiou cost.

+++ Credits for excesses and losses are paid to the utility at the
conclusion of the fabrication process.

++++ Included in the reprocessing costs. Credits for uranium and
plutonium are paid to the utility at this time.
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The unitized cost for pre-reprocessing shipping charges, CF6, is in
terms of dollars per kilogram of uranium loaded into the core. Thus, the
total cost for pre-reprocessing shipping, C0S6, is found by
C0S6 = CF6 x FREAC. (41)
In the NFS model for reprocessing costs, the plant capacity is assumed
to be 1000Kg of uranium (loaded into the core) per day. The reprocessing
time can be determined from
REPTIM = FREAC/1000Kg/day. (42)
The time involved in cleanup of the plant, CLETIM, is 1/3 of the reprocessing
time or eight days, whichever is longer. The total cost for reprocessing,
C0S7, can then be found from Eq. (43) since the unitized reprocessing cost,
CF?, is in dollars per day.
C0S7 = (REPTIM + CLETIM) x CF7. (43)
The unitized cost for converting uranium in the nitrate form to UF6,
CF8, is based on the amount of uranium leaving the reprocessing plant. The
total cost for conversion, COS8, can be determined from
CO58 = CF8 x UREP. (44)
Credit for uranium excesses and losses incurred during the fabrication
process are based on the pre-fabrication costs. From Egqs. (35), (36) and
(38), the unit cost for providing uranium to the fabrication process, CR,
can be calculated from
CR = (COS1 +'C0S2 + COS3)/PFSH. (45)
The credit for uranium excesses and losses, CRE1l, is determined by combining
Eqs. (28) and (45)
CRE1 = CR x FLEX. (46)

After irradiation, the fuel has an enrichment, XE, calculated by
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XE = GB25 (47)
GB25 + GB26 + GB28

Credit for uranium which has not been consumed in irradiation is de-
termined by calculating the cost of purchasing U308’ converting and shipping
to the enrichment plant, and enriching to an assay of XE.

In order to produce one kg, of uranium with an assay of XE, FE kilograms
of uranium are required as input to the enrichment plant. The resulting amount

of tails is W. Equation (48) determines FE while Eq. (49) determines W;

FE = XE - XW; (48)
XF - XW
W=FE - 1. (49)

The required feed to the conversion step, FC is calculated from
FC = 1.005 x FE. (50)
The amount of U308 required (in pounds), PURC, is determined from

PURC = FC x 2,205LB X lKgU308. (51)
Kg 0.848Kgl

With the above material requirements, the costs can be computed. For
enrichment, the separative work units required, DELTB, are calculated by
DELTB = W x ¢(XW) + ¢(XE) - FE x ¢(XF). (52)
The total unit cost, UCRU, involved in U308 purchase, conversion and shipment,
and enrichment can be determined by
UCRU = CF1 x PURC + CF2 x FE + CF3 x DELTB. (53)
The product of UCRU, the unit cost of uranium at an assay of XE, and UREP
provides the credit, CRE2, for the uranium leaving reprocessing plant as
shown in
CRE2 = UCRU x UREP. (54)
In Eq. (55), the credit for fissile plutonium produced, CRE3, is the

product of the unit credit for fissile plutonium, CIRU, and the amount of
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plutonium credit, PURE.
CRE3 = CIRU x PURE, (55)

Once the cash flows are calculated the interest for capital can be de-
termined if the interest rates are known., The interest for any cash flow is
the product of the cash flow and the effective interest rate for that cash
flow. The interest for the cash flow is then added as a cash flow.

Another method of incorporating the effect of interest charges in an
economic study is to determine the present worth of individual cash flow. The
present worth of a cash flow is defined as the value at the present time of a
cash flow which cccurs n interest periods from now., For example, if FUT is
the value of a cash flow for U308 purchases and it occurs n years from the
present, the present worth, PW, of FUT for interest rate I is

PW = FUT/(1 + I)" (56)

Plant capital costs are amortized over the life of the plant. Since this

is a comparative study, the plant capital costs will be the same in each case.

Therefore, they will have no effect on the cash flow analysis.
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2.2.3 Reactor Model

The reference reactor used in this study is a 134 Mwe pressurized water
reactor whose important parameters are listed in Tables 2, 3, and 4 (8).
The core was divided into three equal volume regions for out-in refueling.
The flux and atomic densities were assumed constant in any region. The
reactor was assumed to operate at a constant lpad factor for the first ten
years; shutdowns for refueling occurred on an annual basis. For the last
twenty years the reactor operated at varying load factors which were deter-
mined by a procedure described below. Refueling shutdown periods occurred
when reactivity became zero,

Figure 2, (10) is a display of the total electrical energy generated in
1970 as a function of time. It was assumed that the curve also describes
the utility's overall load factor as a function of time. Region I represents
the fraction of the utility's total load that is generated by the reference
reactor during the second ten years of operation. Region II gives the
fraction for the third ten years. Each region is equivalent to 80% of the
capacity of the reference reactor,

If A, is the utility load factor for the jth week, then the reference

J

reactor load factor for the jth week, Bj’ is

Bj= (Aj - 0.1) 0.8. (57)
(0.45 = 0.1)

Equation (57) is subject to the constraint

B, = 0.8, if A, > 0.45. (58)
J ]
The load factor for the reference reactor during the last ten years, Cj’ is
Cj = (A] - 0.5)0.8; (59)

(1.0 - 0.5)



Table 2: Properties for Reference Pressurized Water Reactor

Fuel Slightly enriched UO2

Enrichment 3.44% U-235

Coolant and Moderator H20, mean temperature 5160F,
mean pressure 2000 psia

Reactor Power 480Mwt, 134Mwe

Average Neutron Temperature 908°K

Core Dimensions Radius, 96.11 cm

Height, 234.3 cm

Effective Core Dimensions Radius, 103.6 cm
Height, 249.3 cm

Inventory U=-235 700 kg
U-238 19,800 kg

Fast Fission Factor, ¢ 1.0584

Non-Leakage Probability

Fission to resonance, P1 0.9742
Fission to thermal, P 0.9654
th
Thermal Leakage Factor, pB? 1.0% x 10 % em
Resonance Escape Probability 0.758

Economic Life 30 years
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Table 3: Material Properties

Region Material Weight (Kg) Density (g/cm3)
Fuel U02 23,350 10.7
Cladding S$5-348 6,145 7.78
Structure Zircaloy 1,293 6.5
Coolant-Moderator Water 2,670 0.783
Void (5,421 in>) 0

subject to the comstraint

C. =0 if A, < 0.5. (60)
] b

Once the load factors are known, the flux in any region of the core can
be determined. In order to have a flat power distribution, it was assumed
that, at any time, the fission rate is constant across the core. The total

fission rate for the jth week is

TOFTS, = PNOM, x PMAX x C@NVER, (61)
where
TOFIS = total fission rate, fission/sec,
PNOMj = the load factor for the jth week,
PMAXY = maximum rated thermal power, Mwt,
CYNVER = conversion constant, fissionm.

Mwt sec
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Table 4: Effective Nuclide Properties for Thermal Neutrons in
the Reference Pressurized Water Reactor

Nuclide Absorption Cross Section v n a T
Barns n

U-235 515 2.47 1.97 0.253 0.0451
U-236 100
U-238 1.365 2.55
Pu-239 1690 2.905 1.81 0.600 0.0426
Pu-240 1870
Pu-241 1590 3.06 2.225 0.3765 0.0541
Fission Product Pairs 31.9
Water 0.332
Stainless Steel 2.84

Zirconium 0.105
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C@NVER can be calculated from

CPNVER = 106 watt x 1 joule x 1 Mev x fission, (62)
Mwt sec watt 1.6 x lO13 joule ERﬁev
where
ER = recoverable fission energy.
It was assumed that ER = 200 Mev (11); therefore, CONVER becomes
CONVER = 0.31245 x 10%7 fission . (63)
Mwt x sec

The fission rate in any region, FISSi, is one-third of TOFIS, FISSi also has
the relationship

25 £ 49 f 41 £

= +
FISSi Ni 025¢i + Ni 049¢i Ni 041¢i, (64)
25 49 41 ; :
where Ni $ Ni , and Ni and the atomic densities of U-235, Pu-239, and Pu-241,
respectively, in the ith region; 055, Uig, and Uzl are the microscopic fission

cross-sections for the respective isotopes; ¢i is flux in region i. The solution
of Eq. (64) for s yields

FISS,
1

75 49 f 71 f
3 Tp 1 Ny O B Ay

. (65)
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3.0 CALCULATIONAL PROCEDURE

Load factors for the reference reactor were generated by the procedure in
section 2.3. Lload factors for three comparative cases were also generated by
different averaging techniques. For the reference case, power was generated
at a constant rate at the particular load factor for one week. For case 1,
the load factors from the reference case were averaged from years 1-10, 11-20,
21-30 of operation. For case 2 the reference case load factors were
averaged over the years 1-10, 11-30. For case 3, the reference case load
factors were averaged over the years 1-30. For comparative cases, the power
generation rate was assumed to be constant over the period for which the load
factors were averaged. For example, if AV1, AVZ, and AV3 are the averages of
the load factors from the reference case over years 1-10, 11-20, 21-30,
respectively, the power generation rate for the first ten years of operation,
POWER, was

POWER = AV1 x POWE, (66)
where

POWE = maximum electrical power.

For the second and third ten year periods of operation the generation rates

were

POWER = AVZ x POWE, (67)

POWER = AV3 x POWE. (68)
FUEL, a FORTRAN IV computér Eode which incorporated the burnup equations

described in section 2.1 was used to calculate startup dates, shutdown dates,

and isotopes concentrations. CASH, a F@RTRAN IV computer code, calculated the

schedules of fuel processing activities, cash flows, and present worth of cash

flows using the methods described in section 2.2,



25

The present worth of each activity for each comparative case was compared
to the reference case by the following method. The percentage deviation from

the reference case for each activity of each comparative case was calculated

by
P === (69)

where

X% = present worth of the total of all cash flows for the kth activity

at interest rate I for the reference case,

Y? = present worth of the total of all cash flows for the kth activity
for the comparative case at interest I,
k = denotes which activity in the fuel cycle, that is, whether the

cash flow is for enrichment, fabrication, and so forth.
Thus, for a particular activity, P determines the effect of the load factor
averaging techniques on the present of cash flows for that activity. P was
also calculated for the present worth total of all cash flows in the fuel cycle
to determine the overall effect of the averaging techniques throughout the

fuel cycle.
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4.0 RESULTS

Figure 3 is a display of the load factors for the reference case, which
were determined by the method described in Section 2.3. For case 1, the
average load factors for the 1-10, 11-20, and 21-30 year periods of operation
were 0,800, 0.676, and 0.174, respectively. For case 2, the average load factors
for the periods 1-10 and 11-30 years of operation were 0.800 and 0.425,
respectively. For case 3, the average lcad factor over the thirty-year
life of the plant was 0.550. The reference case, case 1, and case 2 each
required 19-1/3 core fuel loadings while case 3 required 21-1/3 core fuel
loadings. The difference in core loadings was due to the demand for higher
burnup for case 3 over the last ten years of operation. Tables 5-9 are lists
of the percentage deviations of cash flows from the reference case at interest
rates of four, ten, twelve, sixteen, and eighteen percent, respectively: Tables
10-20 list the cash flow schedule and amounts of cash flow for each activity.

Discussion of Case 1

Case 1 results were very similar to the results from the reference case,
For any activity, there was no more than two weeks difference in the schedule.
There was a difference in the present worth of the cash flow for shipment to
the reactor. This was due to a one week difference in scheduling. For load
17, the reference case listed the cash flow as occurring during the first
week of 1990. Case 1 listed the activity as occurring during the last week
of 1989. Although the schedules for the two cases were only a week in
difference, the cash flows occurred in different years; the result was that
the present worth of the cash flow for the reference case was less than the
present worth of the cash flow from case 1.

The same scheduling problem occurred in the cash flow for reprocessing
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Table 5: Percentage Deviations From the Reference
Case at 47Z Interest

Activity Case 1 Case 2 Case 3 Case 3
) (%) (%) Corrected

(%)
Purchase of UBOS 0.00 2.24 -4.05 0.67
Conversion and Shipment -0.00 2.33 -3.95 0.77
Enrichment -0.00 2.65 -3.66 1.06
Fabrication -0.00 2.66 -3.50 1.15
Excess and Scrap Credit -0.00 2.66 -3.50 1.15
Shipment to Reactor -0.13 2.53 -3.64 1.02
Shipment to Reprocessing -0.00 2.75 -4.55 0.56
Reprocessing -0.20 2.81 -4.77 0.65
Conversion of Uranium -0.20 2.70 -5.09 0.12
Uranium Credit 0.02 1.35 -28.54 -18.72
Plutonium Credit 0.03 2.52 3.93 7.29

Total -0.04 2.84 1.71 5.33




Table 6; Percentage Deviations From the Reference

Case at 107 Interest
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Activity Case 1 Case 2 Case 3 Case 3
) (%) %) Corrected

(%)
Purchase of U308 0.00 2,66 -0.34 1.01
Conversion and Shipment -0.00 2.69 -0,27 1.08
Enrichment -0.00 2.97 0.11 1.46
Fabrication 0.00 2.98 0.17 1.47
Excess and Scrap Credit 0.00 2.98 0.17 1.47
Shipment to Reactor -0.16 2.83 0.02 1.32
Shipment to Reprocessing 0.00 3.81 -0.11 1.41
Reprocessing -0.39 3.73 -0.38 1.28
Conversion of Uranium -0.38 3.65 -0.97 0.58
Uranium Credit -0,00 1.33 -28.30 -25.63
Plutonium Credit 0.01 3.54 9.59 10.59
Total -0,05 3.24 5.44 6.54




Table 7; Percentage Deviations From the Reference

Case at 127% Interest
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Activity Case 1 Case 2 Case 3 Case 3
(%) %) ¢3) Corrected
(%)

Purchase of U308 0.00 2.49 0.12 1.00
Conversion and Shipment 0.00 2.48 0.16 1.04
Enrichment 0.00 24713 0.53 1.41
Fabrication 0.00 2.73 0.55 1.40
Excess and Scrap Credit 0.00 2.73 0.55 1.40
Shipment to Reactor -0.15 2.59 0.41 1.25
Shipment to Reprocessing 0.00 3.71 0.53 1.54
Reprocessing -0.42 3.59 0.23 1.34
Conversion of Uranium -0.41 3.51 -0.39 0.63
Uranium Credit -0.00 1.22 -28.06 -26.35
Plutonium Credit 0.01 3.44 10.61 11.27
Total -0.05 2.98 5.68 6.42




Table 8: Percentage Deviations From the Reference

Case at 167 Interest
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Activity Case 1 Case 2 Case 3 Case 3
(%) (%) {%) Corrected
(%)

Purchase of U30B 0.00 2.02 0.51 0.89
Conversion and Shipment 0.00 1.97 0.52 0.92
Enrichment 0.00 2.13 0.83 1.21
Fabrication 0.00 2.14 0.79 1.15
Excess and Scrap Credit 0.00 2.14 0.79 1.15
Shipment to Reactor -0.11 2,03 0.68 1.05
Shipment to Reprocessing 0.00 3.24 1.16 1.59
Reprocessing -0.43 3.06 0.80 1.30
Conversion of Uranium -0.43 3.00 0.16 0.60
Uranium Credit 0.00 0.98 -27.47 -26.77
Plutonium Credit -0.00 2597 11.94 12.23
Total -0.05 2.35 5.55 5.88




Table 9; Percentapge Deviations From the Reference

Cagse at 187 Interest
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Activity Case 1 Case 2 Case 3 Case 3
%) ¢3) (%) Corrected
(%)

Purchase of UBOS 0.00 1.79 0.56 0.81
Conversion and Shipment 0.00 1.71 0.56 0.81
Enrichment 0.00 1.85 0.84 1.09
Fabrication 0.00 1,85 0.78 1.02
Excess and Serap Credit 0.00 1.85 0.78 1.02
Shipment to Reactor -0.10 1.75 0.69 0.92
Shipment to Reprocessing 0.00 2.95 1.26 1.54
Reprocessing -0.43 2.76 0.90 1.23
Conversion of Uranium =0.42 2.70 0.24 0.53
Uranium Credit 0.00 0.86 ~27.14 -26.69
Plutonium Credit -0.00 2.70 12.38 12.56
Total -0.04 2.04 5.33 5.55




33

and in the conversion of reprocessed uranium for load 11. The reference case
schedule listed the activities as ending in the first week in 1985; case 1
schedule listed then as ending the last week in 1984. The differences in the
uranium and the plutonium credits were due to small differences in isotopic
concentrations after irradiation.

Discussion of Case 2

Present worth cash flows for case 2 were somewhat smaller than those for
the reference case. The energy generation rate was lower than the reference
case during the second ten years; as a result, refuel shutdown periods for
case 2 occurred later in the life of the plant than the refuel shutdown
periods in the reference case., Since the present worth of a cash flow de-
creases as the number of interest periods increase, the present worth cash
flows for case 2 were less than those for the reference case,

The deviations of case 2 from the reference case increased with increasing
interest rates, reached a peak near 10%, and then decreased. Mathematically,

one should expect this. For Eq. (69),
k

k_ T %,
XI = ). J : (70)
J=1(1+1I)
k
n
k XA Y.
Y = J
1T 2 . L)
3=1 @+ 1)
where
X? = cash flow during jth year for the kth activity in the reference case,
y? = cash flow during jth year for the kth activity in the comparative
case,
n = total number of years of plant operatiom.



Table 10:

Cash Flow for U,0, Purchase

3°8
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Reference Caset Case 1t Case 2t Case 3t
Date Date Date Date
Load Year Week Year Week Year Week Year Week
1 1971 4 1971 4 1971 4 1971 4
2 1971 4 1971 4 1971 4 1971 4
3 1971 4 1971 4 1971 4 1971 4
4 1972 4 1972 4 1972 4 1972 4
5 1973 4 1973 4 1973 4 1973 4
6 1974 4 1974 4 1974 4 1974 4
7 1975 4 1975 4 1975 4 1975 4
3 1976 4 1976 4 1976 4 1976 4
9 1977 4 1977 4 1977 4 1977 4
10 1978 4 1978 4 1978 4 1978 4
11 1979 4 1979 4 1979 4 1979 4
12 1980 4 1980 4 1980 4 1980 4
13 1981 4 1981 4 1981 4 1981 4
14 1983 44 1983 43 1985 20 1984 46
15 1985 22 1985 22 1987 45 1986 34
16 1987 10 1987 9 1990 31 1988 36
17 1989 18 1989 17 1993 50 1991 24
18 1991 1991 1996 39 1393 30
19 1998 2 1998 4 1999 39 1995 44
20 1398 15
21 2000 28

+ All cash flows were for the amount $988,321.94.



Table 11:

Cash Flow for Conversion and Shipping

35

Reference Caset Case 1t Case 2t Case 3t
Date Date Date Date
Load Year Week Year Week Year Week Year Week
1 1971 17 1971 17 1971 17 1971 17
2 1971 17 1971 17 1971 17 1971 17
3 1971 17 1971 17 1971 17 1971 17
4 1972 17 1972 17 1672 17 1972 17
5 1973 17 1973 17 1973 17 1973 17
6 1974 17 1974 17 1974 17 1974 17
7 1975 17 1975 17 1975 17 1975 17
8 1976 17 1976 17 1976 17 1976 17
9 1977 17 1977 17 1977 17 1977 17
10 1978 17 1978 17 1978 17 1978 17
11 1979 17 1979 17 1979 17 1979 17
12 1980 17 1980 17 1980 17 1980 17
13 1981 17 1981 17 1981 17 1981 17
14 1984 5 1984 4 1985 33 1985 7
i5 1985 35 1985 35 1988 6 1986 47
16 1987 23 1987 22 1390 44 1988 49
17 1989 31 1989 36 1994 11 1991 37
18 1991 20 1991 19 1996 52 1993 43
19 1998 15 1998 17 1999 50 1996 5
20 1998 28
21 2000 52

+ All cash flows were for the amount $104,044.35.



Table 12:

Cash Flow for Enrichment
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Reference Caset Case 1t Case 27 Case 3%
Date Date Date Date
Load Year Week Year Week Year Week Year Week
1 1971 26 1971 26 1971 26 1971 26
2 1971 26 1971 26 1971 26 1971 26
3 1971 26 1971 26 1971 26 1971 26
4 1972 26 1972 26 1972 26 1972 26
5 1973 26 1973 26 1973 26 1973 26
6 1974 26 1974 26 1974 26 1974 26
7 1975 26 1975 26 1975 26 1975 26
8 1976 26 1976 26 1976 26 1976 26
9 1977 26 1977 26 1977 26 1977 26
10 1978 26 1978 26 1978 26 1978 26
11 1979 26 1979 26 1979 26 1979 26
12 1980 26 1980 26 1980 26 1980 26
13 1981 26 1981 26 1981 26 1981 26
14 1984 14 1984 13 1985 42 1985 16
15 1985 bt 1985 44 1988 15 1987 4
16 1987 32 1987 31 1991 1 1989
17 1989 40 1989 39 1994 20 1991 46
18 1991 29 1991 28 1997 9 1993 52
19 1998 24 1998, 26 2000 6 1996 14
20 1998 37
21 2000 50

+ All cash flows were for the amount $1,018,958.02.



Table 13:

Cash Flow for Fabrication

37

Reference Caset Case 1% Case 27 Case 3%
Date Date Date Date

Load Year Week Year Week Year Week Year Week
1 1971 37 1971 37 1971 37 1971 37
2 1971 37 1971 37 1971 37 1971 37
3 1971 37 1971 37 1971 37 1971 37
4 1972 37 1972 37 1972 37 1972 37
5 1973 37 1973 37 1973 37 1973 37
6 1974 37 1974 37 1974 37 1974 37
7 1975 37 1975 37 1975 37 1975 37
3 1976 37 1976 37 1976 37 1976 37
9 1977 37 1977 37 1977 37 1977 37
10 1978 37 1978 37 1978 37 1978 37
11 1979 37 1979 37 1979 37 1979 37
12 1980 37 1980 37 1980 37 1980 37
13 1981 37 1981 37 1981 37 1981 37
14 1984 25 1984 24 1986 1 1985 27
15 1986 3 1986 3 1988 26 1987 15
16 1987 43 1987 42 1991 12 1989 17
17 1989 51 1989 50 1994 31 1992 5
18 1991 40 1991 39 1997 20 1994 11
19 1998 35 1998 37 2000 17 1996 25
20 1998 48
21 2001 9

+ All cash flows were for the amount $685,998.78.



Table 14:

Cash Flow for Excess and Loss Credits

From the Fabrication Process

38

Reference Caset Case 1t Case 27 Case 3t
Date Date Date Date
Load Year Week Year Week Year Week Year Week
1 1971 37 1971 37 1971 37 1971 37
2 1971 37 1971 37 1971 37 1971 37
3 1971 37 1971 37 1971 37 1971 37
4 1972 37 1972 37 1972 37 1972 37
5 1973 37 1973 37 1973 37 1973 37
6 1974 37 1974 37 1974 37 1974 37
7 1975 37 1975 37 1975 37 1975 37
8 1976 37 1976 37 1976 37 1976 37
9 1977 37 1977 37 1977 37 1977 37
10 1978 37 1978 3 1978 37 1978 37
11 1979 37 1979 37 1979 37 1979 37
12 1580 37 1980 37 1980 37 1980 37
13 1981 37 1981 37 1981 37 1981 37
14 1984 25 1984 24 1986 1 1985 27
15 1986 3 1986 3 1988 26 1987 15
16 1987 43 1987 42 1991 12 1989 17
17 1989 51 1989 50 1994 31 1992 5
18 1991 40 1991 39 1997 20 1994 11
19 1998 35 1998. 37 2000 17 1996 25
20 1998 48
21 2001 9

+ All cash flows were for the amount $191,934.96.



Table 15:

Cash Flow for Pre-Irradiation Shipping

39

Reference Caset Case 1t Case 2t Case 3t
Date Date Date Date
Load Year Week Year Week Year Week Year Week
1 1971 39 1971 39 1971 39 1971 39
2 1971 35 1971 39 1971 39 1971 39
3 1971 39 1971 39 1971 39 1971 39
4 1972 39 1972 39 1972 39 1972 39
2 1973 39 1973 39 1973 39 1973 39
b 1974 39 1974 39 1974 39 1974 39
7 1975 39 1975 39 1975 39 1975 39
8 1976 39 1976 39 1976 39 1976 39
9 1977 39 1977 39 1977 39 1977 39
10 1978 39 1978 39 1978 39 1978 39
11 1979 39 1979 39 1979 39 1979 39
12 1980 39 1980 39 1980 39 1980 39
13 1981 39 1981 39 1981 39 1981 39
14 1984 27 1984 26 1986 3 1985 29
15 1986 5 1986 5 1988 28 1487 17
16 1987 45 1987 44 1991 14 1989 19
17 1990 1 1989 52 1994 33 1992 7
18 1991 42 1991 41 1997 22 1994 13
19 1998 37 1998 39 2000 19 1996 27
20 1998 50
21 2001 11

+ All cash flows were for the amount $20,579.96.



Table 16: Cash Flow for Pre-Reprocessing Shipping

Reference Caset Case 1t Case 2% Case 3t
Date Date Date Date
Load Year Week Year Week Year . Week Year Week
1 1973 11 1973 11 1973 11 1973 11
2 1974 11 1974 kK 1974 11 1974 11
3 1975 11 1975 11 1975 11 1975 11
4 1976 11 1976 Bl 1976 L1 1976 11
b) 1977 11 1977 11 1977 11 1977 11
6 1978 11 1978 11 1978 11 1978 11
7 1979 11 1979 11 1979 11 1979 11
8 1980 11 1980 11 1980 11 1980 11
9 1981 11 1981 11 1981 11 1981 11
10 1982 11 1982 11 1982 11 1982 11
11 1984 51 1984 50 1986 27 1986 1
12 1986 29 1986 29 1988 52 1987 41
13 1988 17 1988 16 1991 30 1989 43
14 1990 25 1990 24 1995 5 1992 31
15 1992 14 1992 13 1997 46 1994 3
16 1999 9 1999 11 2000 43 1996 51
17 2002 16 2002 16 2002 16 1999 22
18 2002 16 2002 16 2002 16 2001 35
19 2002 16 2002 16 2002 16 2002 16
20 2002 16
2.1 2002 16

+ All cash flows were for the amount $48,019.91.
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Table 17: Cash Flow for Reprocessing

Reference Caset Case 1t Case 27 Case 3t
Date Date Date Date
Load Year Week Year Week Year Week Year Week
1 1973 13 1973 13 1973 13 1973 13
2 1974 13 1974 13 1974 13 1974 13
3 1975 13 1975 13 1975 13 1975 13
4 1976 13 1976 13 1976 13 1976 13
5 1977 13 1977 13 1977 13 1977 13
6 1978 13 1978 13 1978 13 1978 13
7 1979 13 1979 13 1979 13 1979 13
8 1980 13 1980 13 1980 13 1980 13
9 19381 13 1981 13 1981 13 1981 13
10 1982 13 1982 13 1982 13 1982 13
11 1985 1 1984 52 1986 29 1986 3
12 1986 31 1986 31 1989 2 1987 43
13 1988 19 1988 18 1991 40 1989 45
14 1990 27 1990 26 1995 7 1992 33
15 1992 16 1992 15 1997 48 1994 39
16 1999 11 1999 13 2000 45 1997 1
17 2002 20 2002 20 2002 20 1999 24
18 2002 20 2002 20 2002 20 2001 37
19 2002 20 2002 20 2002 20 2002 20
20 2002 20
21 2002 20

+ TFor the last three loads of each case, the cash flow was $228,639.71.
For all the other loads, the cash flow was $356,639.71.
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Equation (69) can be restated in terms of Egs. (71) and (72) as

xk —_— k
E i _ Z 73
T 3 . 3
,.3=10a+D i=1@a+0 (72)

1

k
X,
Z 3
i=1@+ 10
The first derivative of P with respect to I in Eq. (72) is

(x - (JX )
ar : E:::L E:::: i
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j=1@1+Dd §=10+1

With dP/dl = 0, Eq. (73) becomes

j 25 k k Tl
% i ') ) E SRR AN Jxy (74)

T+
§ = 1 1+ 1)3 =1 (1+ 1)3 + & j=1@@+18 3=1a+nit?

If Eq. (74) could be solved for I, it would yield a value for which P is

a maximum, a minimum, or an inflexion point. Therefore another line of reasoning

must be used to determine which it will be. From Tables 10-20, for small I

}ii:: k _ Eji: k
xj = yj. (75)
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Therefore as I approaches zero, P also approaches zero. As i and j become

large, x? and y? approach zero, and for j = 1 - 10,
(1 + 1)’ (1 + 1
k_ k
Xj yj. (76)

thus forcing P to approach zero, Therefore, since P approaches zero at the
upper and lower limits of T and P is known to have a non-zerc value between
the limits, there must be a value of I for which P is a maximum. For case 2,
I lies between 47 and 10% for the maximum value of P.

Discussion of Case 3

The third column of Tables 5-9 lists the percentage deviations of case 3
from the reference case with all 21-1/3 core loadings considered. The fourth
column lists the percentage deviations with only the first 19 core loadings
considered. Therefore, from Tables 5-9 and Tables 10-20, one discerns that
differences in the present worth of cash flows between the reference case and
case 3 are caused by two factors: (1) Case 3 demanded two more 1/3 core
loadings than did the reference case; and (2) the case 3 cash flows for a 1/3
core load occurred at a later date than the corresponding cash flows from the
reference case for the same 1/3 core load. At the interest rate of 4%, the
extra cost incurred im the two extra 1/3 core loadings caused a large percentage
deviation., As the interest rate increased, the present worths of the cash
flows for the last two loadings became negligible since they occurred late in
the life of the plant. The difference in scheduling of cash flows for the two
cases caused the deviations at higher interest rates. The deviations of case 3
were smaller for the most part than those of case 2 because the case 3 schedule
was closer to that of the reference case.

The large percentage deviations for uranium and plutonium credits were
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caused by the difference in burnup scheduling between the reference case and
case 3. For the first ten years of operation, the reactor operated at a load
factor of B0% and was shutdown yearly for refueling in the reference cases

and cases 1 and 2. However, in case 3, the reactor operated at a load factor
of 55%; it also was refueled on an annual basis. Therefore, since the case

3 burnup schedule demanded less energy output than the other three cases,
there was more uranium left at the end of an irradiation period. Consequently,
the uranium credit cash flows for the years 1-10 in case 3 were much larger
than those from the other three cases for the corresponding periods. Case 3
plutonium credits for the same periods were less than those of the other three
cases since the fertile U-238 in case 3 had a lower exposure than it did in
the other three cases.

Overall, there was essentially no difference in scheduling between the
reference case and case 1. Therefore, the present worths of their cash flows
and the present worth of total cash flow were nearly identical. The cash flows
for case 2 during the second ten years lagged the cash flows from the reference
case by as much as 5 years, causing deviations for particular cash flows to
deviate by 2%-3%. The deviation for the total present worth of cash flows
for case 2 was also on the order of 2%-3%. Case 3 showed marked deviations
at low interest rates for particular cash flows and a small deviation for the
total present worth of cash flows. As the interest rate increased, deviations
for the particular cash flows decreased while the deviation for the total
present worth increased. However, even with deviations for uranium credits
on the order of 28% and deviations for plutonium credits as high as 12%, the
deviation for the total present worth of cash flows was no more than 5.60%

for any interest rate.



48

5.0 CONCLUSIONS

The case 1 averaging technique proved to be accurate for scheduling of
cash flow activities. The case 2 technique displayed a marked difference in
scheduling of cash flows. Some differences for particular activities were
as high as five years. The case 3 technique provided a schedule more compatible
with the reference case, but cash flows for particular activities lagged the
reference case schedule by as much as three years. Utilities must have an
accurate knowledge of the schedule of cash flow activities for financing
reasons; therefore, one would tend to dismiss the case 2 and 3 technique as
being too inaccurate.

However, all the results of this study are based upon the reference case
lvad scheduling shown in Fig, 3. This schedule deviates strongly from the
average load assumption. In the future, utilities will be using more pump-
storage facilities and gas turbines to meet extreme peak loads. Thus, nuclear
power station load schedules probably will be closer to the average load
assumption than the schedule for the reference case used in this study.
Therefore, case 2 and 3 techniques may be used for cash flow scheduling if the
load schedules do not deviate strongly from the average assumption.

Nonetheless, the case 1 technique proved to be highly accurate. Therefore,
for cash flow scheduling purposes, an average load factor may be used for
periods of 1-10 years. For periods longer than ten years, the accuracy is

wholly dependent upon the degree to which the actual load schedule deviates

from the average assumption,
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6.0 SUGGESTIONS FOR FURTHER STUDY

Many utilities have operating histories of over seventy years. Con-
sequently they are able to reasonably predict load schedules. An obvious
extension of this work would be the use of a more realistic load schedule
derived from utility predictions.

Improvements are also poessible in the burnup and reactivity calculations.
The core could be divided into smaller regions for more accurate predictiocn
of space dependence. Multi-group theory could provide better information on
fiux shapes, isotopic concentrations, and reactivity. Both improvements
would eliminate the necessary assumption that the fission rate distribution
is flat across the core.

Another criterion for shutdown should be included to eliminate the
possibility of a refuel period occurring during the winter and summer peak
load periods. Alsa, another cash flow factor should be included to account
for startup and shutdown costs.

Many utilities are seriously considering the possibility of plutonium
recycle, particularly since the U. S. govermment will no longer be purchasing
plutonium after 1971. Therefore, it seems in order to alter the fuel cycle
to include the cash flows that weould be caused by plutonium recycle.

Finally, another method for including the affect of capital charges should

be used since they represent a large fraction of the fuel cycle costs (12).



50

7.0 ACKNOWLEDGEMENTS

The author wishes to express his sincere gratitude to Dr. N, D, Eckhoff
for bis assistance and guidance in this work. Appreciation is given to Dr.
C. G. Chezem, Head of the Department of Nuclear Engineering, for his cooperation.
HMiss Maureen Beaudet is to be acknowledged for her diligent assistance in
the preparation of this manuscript. Gratitude is given to the Atomic Energy
Commission under whose traineeship program this work was dome. Of course,
a very warm and special thanks is given to the author's wife, Linda, for her

support, understanding, and encouragement.



10.

11.

51

8.0 LITERATURE CITED

Coates, David E.
Studies in Nuclear Power Operations:
I. Optimization of Radial Poison Distribution During Fixed Fuel
Operation
II. Cash-Flow Studies of Power Reactor Operations Under Time varying
Non—-equilibrium Market Conditions. Ph,.D, Dissertation. University of
I1linois. 1968.

Schwieger, Robert G.
Managing Nuclear Fuel Power. 113 (December 1969) No. 12. pp. 175-190.

Fagan, John R.
An Optimization Analysis for Fuel Replacement in Large Pressurized
Water Reactors. Fh.D. Dissertation. Purdue University. 1968.
University Microfilms, Inc. Ann Arbor, Michigan. 1968.

Bloomster, C. H., J. H. Nail, D. R. Haffner
PACTOLUS: A Code for Computing Nuclear Power Costs. BNWL-1169,
Battelle Memorial Institute, Pacific Northwest Laboratories.
Richland, Washington. UC-80 Reactor Technology. January 1970.

Deonigi, D. E., et.al.
UCOST: A Computer Code for Calculating the Cost of Enriched Uranium.
BNWL-189. Battelle Memorial Institute, Pacific Northwest Laboratories.
Richland, Washington. February 1966.

Eschbach, E. A., D. E. Deonigi, S. Goldsmith
QUICK: A Simplified Fuel Cost Code. HW-71812., Hanford Atomic Products
Operation. Richland, Washington. January 1962.

Salmon, Royes
A Procedure and a Computer Code (POWERCO) for Calculating the Cost
of Electricity Produced by Nuclear Power Stations. ORNL-3944., O0Oak
Ridge National Laboratory. Oak Ridge, Tennessee. June 1966.

Benedict, M. A., EE:EE-
Nuclear Chemical Engineering. Chapter 3. Fuel Cycles in Thermal
Nuclear Reactors. Revisged April 1960, To be published.

Povejsil, D. J.; R. L. Witzke, C. A. DeSalvo
Financial Aspects of the Nuclear Fuel Cycle. Proceedings of the
American Power Conference. 29 (1967) pp. 237-249.

Electrical World. 175 (April 15, 1971) Ne. 8. p. 33.
Lamarsh, John R.

Introduction to Nuclear Reactor Theory. Addison-Wesley Publishing
Co., Inc. Reading, Massachusetts. 1966,



52

12. Bigge, W. B., M. R. Stepp
Sensitivity Analysis: Big Step in Managing Fuel Cycle Costs. Electrical
World. 175 (February 1, 1971) No. 3. pp. 48-49.



9.0 APPENDICES

53



S4

APPENDIX A

The FUEL Code

A.1 Introduction

The FUEL code calculated the nuclide densities in each of the regions
of the core; it also calculates the reactivity at the end of each week of
burnup. The code also determines the startup and shutdown dates for each

refueling period.

4.2 Input Data Format
Card 1 FPRMAT (6D13.6)

EPSI fast fission factor

PTH - fission to thermal non leakage probability
PREP - resonance escape probability
DBZ - thermal leakage factor
PMAX - maximum rated thermal power
Card 2 FPRMAT (6D13.6)
P11 - fission to resonance non leakage probability

CONVER- 0.31245 x 1017 fission/Mwt sec

VREG - volume of each region

T ~ time period comsidered in one burnup calculation
Card 3 F@RMAT (6D13.6)

ETA25 - n for U-235

BM253 - poison ratio for U-235
SA25 =~ microscopic absorption cross section of U-235

ALP25 o for U-235

XNU25 v for U-235



Card 4

Card 5

Card 6

Card 7

FPRMAT (6D13.6)

ETA49

RM4Q

SA49

ALPA4G

XNU49

n for Pu-239

poison ratio for Pu-239

55

microscopic absorption cross section for Pu-239

a for Pu-239

v for Pu-239

F@RMAT (6D13.86)

ETA41

RM41

SA41

ALP41

XNU41

1

n for Pu-241

poison ratio for Pu-241
microscopic absorption
a for Pu-241

v for Pu-241

F@RMAT (6D13.6)

SA26

5428

S4A40

SAFF

SAH20

SAST

|

microscopic absorption
microscopic absorption
microscopic absorption
microscopic absorption
product pairs

microscopic absorption
microscopic absorption

components

F@RMAT (6D13.6)

ANH20
ANST
AN@@25

ANGE28

nuclidic density of wa

)

Cross

Cross

Craoss

Ccross

CTross

Ccross

CYOss

ter

section

section

section

section

section

section

section

initial nueclidic density of U-235

initial nuclidic density of U-238

for

for

for

for

for

for

for

Pu-241

U-236

u-238

Pu-240

fission

water

structural

nuclidic density of structural components



Card 8

Card 9-17

Card 18-26

Card 27-35

Card 36

Card 37

ANGP26
AN@@49
FORMAT
ANGP41
ANPPLO

ANF@25

ANF{28

ANF@41

ANFR49

FYRMAT

— initial nuclidic density

- initial nuclidic density

(6D13.6)

- initial nuclidic density

- initial nuclidic density

= initial nuclidic density
from U-235 fission

- initial nuclidic density
pairs from U-238 fission

- initial nuclidic density

of

of

of

of

of

of

of

pairs from Pu-241 fission

— initial nuclidic density

of

pairs from Pu-239 fission

(6D13.6)

U-236

Pu-239

Pu-241

Pu-240

fission

fission

fission

fission

56

product pairs

product

product

product

PNOM(L) - load facteor for Lth week of the year during

FPRMAT

years 1-10 of operation

(6D13.6)

PAA(L) - load factor for the Lth week of the year during

F@RMAT

years 21-30 of operation

(6D13.6)

PBB(L)} - load factor for the Lth week of the year during

F@RMAT

yvears 21-30 of operation

(6D13.6)

XNU28 -y for U-238

FERMAT

NSTA -

(161I5)

starting week



NEN1 - number of weeks in years 1-10 of operation
NEN2 - number of weeks in years 1-20 of operation

NENT - total number of weeks of operation

57
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A.3 The FUEL Code Listing

IMPLICIT REAL*B{A-H,0-1)

DIMENSION IBRN{S50G),NBRN(50},ANO25(3),ANDO28(3),AND26(3),ANO49(3)
DIMENSION AND40O(3),AND41(3),ANOF25{3) ,ANOF49(3) ;ANOF281(3)
DIMENSION ANUF41(3),TIMER(3)},AN25(3),AN2B(3),ANZ26(31),AN4F{3)
DIMENSION AN4O{(3) 4AN4L1(3),ANF41(3),ANF25{3),ANF49(3),ANF28(3)
DIMENSION PNOUM{S52),PAA{S2]),PBBI{52),FLRELI3),PHI(3),EX25(3),EX26(3)
ODIMENSTION EXG49(31,EX40(3),C0(3),C1(3),C2(3)4yC3(3),C4(3),EX4Ll(3)
DIMENSION C5(3),CE(3),C7{3),C8(3)4C9(3),C10(3),CLL(3),C12(3)
DIMENSION CA{3),CB(3)},CC(3),CD(3),CE{3),CF{3),CG(3),CHI3}),CEi(3)
DIMENSTION CK{3),TIM(50),CON25(50),CON26(50),CON28(50),CON&9(50)
DIMENSIUN CON40O(5C),CON&41(50),FISS(3)

NIMENSION CONF25{(50),CONF&49{50) ,CONF4&1(50Q) ,CONF28(50)
FORMAT(6D13.6)

FORMATI(1615)
READ(1+534)
READ{1,534)}
READ(1,4534)
READ(1+534)
READ(14534)
READ{1,534)
READ(1+534)
READ(14534)
READ{1,534)

534
535
EPSE, PTH, PREP, DB2, PMAX
Plly, CONVER, VREG, T
ETA25, RM25, 5A25, ALP25,
ETA49, RM49, SA49, ALP49,
ETA41l, RM41l, SA4l, ALP41, XNU41
SA26, SAZ28, SA40, SAFF, SAHZ20, SAST
ANHZ20, ANST, ANCOD25, ANDOZB, ANOOZ26,
ANOO4Ll, ANOO4C, ANFOZ25, ANF028, ANFO41,
(PNOMI(L) e L=1,52)

(PAA(L]),

XNU25
XNU&9

ANOO49
ANFQO&9

READ(1,534)

READ(L1:534%)

READ(L1,534)

READ(1,535)

WRITE(3,534)
WRITE(3,534)
WRITE(3,534)
WRITE(3,534)
WRITE(3,534)
WRITE(3,534)
WRITE(34534%)
WRITE(3,534%)
WRITE(3,534)
WRITE(3,534)
WRITE(3,534)

L=1,521}
(PBBIL)y L=1,52])
XNU28
NSTA, NENZ2, NENT
PREP, DB2,
VREG, T
SA25, ALP25,
SA49, ALP49,
SA4l, ALP41, XNU41
SA26, SAZ28, SA4J, SAFF, SAHZ20,
ANHZ2C, ANST, ANOO25, ANOO28
(PNOM(L)y L=1,52)

(PAA(L)y L=1,52)

{PBB(L), L=1'52’

XNUZ2E

NEN1,
EPSLy PTH,
Plly CONVER,
ETAZ25, RM25,
ETA4G, RM49,
ETA41l, RM4],

PMAX

XNU2Z5
XNU&9

SAST

WRITE(3,535) NSTA, NENLl, NEN2, NENT
GAMMA leD+C = { ETA4I9*¥EPSI*P11%*(1.D40 - PREP))
AMUZ5 ETAZ25 * EPSI %* PTH * PREP
AMU%4 1 ETA4l * EPSI *= PYH # PREP
AMUS49 ETA49 * EPSI * PTH #* PREP
AKAP25 = ETAZ25 * EPSI #® P11 * (l.D+D - PREP)
XMU25 AMUZ5 ~1.0+0 - RM25
XMU&4 1 AMUGL -l.C+0 - RM41
XMU&9 AMU4Y9 -1.0+40 - RM49
GAMSIG = GAMMA * SA49
NC = ©
K 1
J NSTA + 51
N J
1 IF{J.GTaN)

nomonon

itown

GO 10 7



1C

14

17

18

19

ng 5 1=1,3
[BRNI(I)
NBRN (1)
GO TO 1o
K = K + 1
IBRN(K+2 )
J=J + 4
J =4 + 1
[F{J<NE. (N
U01’§I=1’
AND2511)
ANOZBIL 1)
ANO26( 1)
ANDO&4S ()
AND&D(])
ANO&L (1)
ANOF25(1)
ANOF49({ 1)
ANOF28(1)
ANOF4LI(1)
TIMER(I) =
CONT INUE
GO TOQ 25
IFINC.EQ.C
DO 18 =2,
ANO251(1)
AND2B1(I1)
AND26I( 1)
ANU&GI (1)
AND&G ()
AND&LITT)
ANDOF41(1)
ANOF25(1)
ANOF &491( 1)
ANOF28( 1)
CONT INUE
ANOZ251(1)
ANDZ28L 1)
ANOZ26 (1}
ANO49 (1)
AND43(1)
ANO&1 (1)
ANOF25( 1)
ANOF &91( 1)
ANOF28(1)
ANOF&11(1)
TIMER(3)
TIMER(2)
TIMER(L)
GO TO 25
DO 23 I=1
ANO251(1)
ANO26LT)

W -

U (O | [ 1|

(I T 1 O | [ |

LT | T 1 1

ibmou

J + 1
IBRN(1) + 47

=J + 5

+11) GU 10O 17
3
ANDO25
ANDOZ28
ANOO26
ANOO49
ANDODO4&O
ANOO4 L
ANFODZ5
ANFO4S
ANFO28
ANFO41

[T L TR 1}

Yy GO TO 19

3

ANZS{I-1)
ANZBl{I-1)

ANZBLI-1)
AN49({]I-1)
ANGO(I-1)

ANgL([-1)
ANF&1{I-1}
ANF25(1-1)
ANF49(I-1)
ANF28(1I-1)

[T T T [

ANGO25
ANOO28B
ANDOOZ26
ANOD49
ANOO49
ANOD41
ANFO0Z5
ANFO4S
ANFOZ2E
ANFO41
TIMER(2)}
TIMER(1)
C.D+0

3
ANZ25(1)
ANZO6( 1)
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AND28{I) = ANZ28B{(I)
ANO&9 (I} = AN4S{I)
ANOGOI(I) = AN&GOIUI)
AND&1{(I) = AN41l(1}
ANOF25(1) = ANF25(1)
ANOF41(I) = ANF&41(I)
ANOF49{I) = ANF49(I)
ANOF 28(1) = ANF281(1)
CONT INUE

M=J /7 52

L=J-1 M=% 52 )

[F{PNOM{L).EQ.0) GO TO 32

TOFIS = CONVER * FMAX ¥ PNOMILI

Lo 26 [I=1,3

FISS{I) = {( AND2S{1}) # SA25 ) /7 { l.D#0D + ALPZ25 }) + (( ANO&9{I)
1# SA49) / { 1.D+2 + ALP49 1) + {{ ANOG1{(I} % SA4l ) / ( 1.D040 + AL
2P4l )

PHICI) = { TUFIS )} /7 ( FISS(I} * 3.D%#0 * VREG )

FLREL(I) = PHIILI)

PHIBAR = ( PHI{1) + PHI(2) + PHI(3} ) / 3.D0+0

DO 30 I=1,3

TIMER(I) = TIMER(I) + PHI(I) * T

EX25(1) = DEXP{-(SA25 #* PHI(I) * T }))

EX26{1) = DEXP(-{SAZ6 * PHII{I)} * T 1))

EX41 (1) = DEXP(-{SA4]l * PHI(I) * T 1))

EX42(1) = DEXP{-(SA40 * PHII(I) * T )]}

EXG43(I) = DEXP(-{ GAMSIG * PHI(I) * T )}

CO(I) =(AND25(1) * SA25 * ALP25 ) / {( SA25 - SA26 ) * (1l.0+0 ¢+ AL
1P25 1))

CLIIY = (ANCZ28{I) * SAZ28) / GAMSIG

C2{I) = { ANGC25(I) * AKAP25 * SA25 ) / { GAMSIG - SA25 )

C31{1) = AND491(I)

Cafl) = ((ALP49 * SA49 ) / ({ 1.D+0C + ALP&9} * S5A40 )) * C1(I)
CS5(I) = (ALP49 * SA49 * C2{I)) / (( 1.D+0 +ALP49 ) * (SA40-5A25))
Co{I) = (ALP49 * SA49 # ( CLl(I) + C2(1) - C3(I1})) /7 {{ 1.D+0 + ALP

149 ) #= ([ SA4y - GAMSIG ) )

CT{I) = ANO&GO(I)

CB{I) = ( Ca4ll) * S5A40 ) / S5SA4]

Co{I) = ¢ C5(I) #*# SA40 )} /7 { SA4l ~ SA25)

Cla(1)= (t C6(1) # SA40 ) / ( SA4Ll - GAMSIG 1) + ( ANO4L1(I)

1 ) + (( SA40 *= ( C4(I) +# CSIUIY = Co{I) =CT{EN)Y / ( SA41l - S5A4Q))
2 = 10 Catll) * SA40 ) / SA41 } - ({ C501) #* 5A40) / (SA41-5A25))
ClitI) - {(C6{I) * SA4G ) / (SA4l - GAMSIG)
cl2(1) {{ = CalI) - CH(T) +Co6(I) + CTL(I) ) #* SA4D )/(S5A41-SA40)
ANGY(I) = CBIIY + COCII*EX25(1) ¢+ CLOCI)*EX4LUI) + CLl1(TI)*EXG49(T1)
1 ¢ C12(1*EX40(1)

o

AN25(1) = AND25(I) * EX25(1)

ANZB{T) = ( LO(I) + ANO26(1)) * EX26(1) - CO(I) * EX25(])

ANGI(T) = CI(I) + C2{I})*EX25(1) - ( CL(L1) + C2(I) - C3(I)) * EXG49
(1)

AN4D(TI) = C&(I) +C5(I) * EX25(I) - C6(I) * EXG49(1) - (C4(I1) + C5I(

11) = C6(I) -CT(I}) * EX4O(I)



30

32

34

36

H0
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ANF25(1) = (( ANO25(I) #* (1.D0+0 - EX25([))) / (1.D+0 +ALP25)) +ANO
LF25(1)

CA(I) = C1(1) = PHI(I) % 7

CB(I) = ( C2(1) * {(l1.D+5 - EX25(1)))/ SA25

CCUIN) =(t CLII) +# C2(0) - C3(1)))* (1.D+0 — EXG43({1))/GAMSIG
CO(I) =00 CA(I) + CB(I) - CC{L))* SA49)}/{1.D+u + ALP49)
ANF49(1) = CD(I) + ANOF49(1)

CE(I) = CB(I) *= PHI(I) = T

CFII) = C9(1) * (1.D+0 - EX25(1)) / SA25

CG(I) = C1G(I) *# (1.D+0 - EX41(1)}/ SA4l

CH(I) = C11([) * (l.D+#v - EXG49(I))/GAMSIG

CItI) = C12(I) * (1.D+0 - EX40(I)) / SA4D

CKII) = ({CE(I)+CF{I)+CG{I)+CH(I)+CI(I))*SA4l) /(1l.D+0 +ALP4]1)

ANFGL(I) = CKUI) + ANOF4L(I}

ANF2B(I) = ((XNU25 * ANF25(1) + XNU49 * ANF49(I} + XNU&1#% ANF4L(1)
1)%*{EPSI - 1.D+0) / (XNUZ28 - 1.D+0))

ANZ2B8(I) = ANUOZ28 - ANF28(I) —-AN&49(I) - ANF49(]) - AN&LDI(I) - AN4IL(I
1) - ANF41{ 1)

CONT INUE

GO TO 36

RHO = 1le.D+v

DO 34 [=1,3

ANZ251( 1) ANU2S(T)
ANZB (1) ANUZ&I(T)
ANZ28( 1) ANOZ28( 1)
ANGI{]) ANU&9(T)
ANGD(T) ANO4O(T)
ANGL1 (1) ANO411(1)
ANF25(1) ANOF25(1)
ANF2811) ANOF28( 1)
ANF&I(I) ANOF&9(1)
ANF&L(1) ANOF&1(1)
CONT TNUE

GO Tu 4C5

QD+

O.U#2

0.0+40

D.D+G

0.,0+G

J.U%0

OOU"‘J

I=1+3

S4]1 + AN4L1(1)
525 AN25(1)
S49 ANGI ()
S2é ANZ26(1) FLREL(I)

5S40 AN&O{(I) FLRELI(I)

5£8 ANZ2BI(I) = FLRELILI)

SFF SFF {ANF4G{1) + ANF25(1) « ANF28(I) + ANF41 (1)) =FLRELI(I])
CONT INUE

RHO4 1
RHO25
RHD49

W wnn

o nn

FLREL(I)
FLREL(T)}
FLREL(I)

* % % % B

)

o

o
T I I LI L U =2 (O L (I (I 0
P

1]

XMU4L * SA41 #3541
XMU25 % SA25 * 525
XMU49ERSA4GES549



470

0

120

125

1::8
11C

115

RHO26 = 526 * SAZ26

RHD&0 = S40 * SA4C

RHOFF = SFF #* SAFF

RHO28 = S28 & SAZ28

DRH&1 = AMU&L #* 541 * 5A4]
CRH25 = AMU25 # S25 % S5A25
LGRH&G9 = AMU49 * 549 % SA49
RLEAK = DBZ * PHIBAR

RHH20 = ANHZ20 # SAHZ20 #* PHIBAR
RHOST = ANST #* SAST#* PHIBAR

DRHO = RHOZ5 ¢+ RHC49 + RHO41

1AK - RHHZ20 - RHOST
OAHD = DRH25 + DRF49 + DRH41

RHO = DRHO
FORMAT{5Xs14y5Xy020610¢5X9D20.1095X+020,10+5X,+020.10)
FLREL(2), FLREL(3)

WRITE( 3,

40G0)

/ DAHO

Js RHO, FLRELI{1),

IF(J.GT.NEN1) GO TO 80

NC = 9

IF{RHDLED.D+0C} GO TO 115
IF(JoLT.NBRN{K)} GO TO 13
NC = NBRN(K]

- RHOZ6 - RHO4O - RHOFF - RHOZ28 - HLE

NBRN(K+1) = NBRN(K]} + 32
TIM(K) = TIMER(3) * 1.0-21
CONZ5(K) = AN25(3)
CON26(K) = AN26(3)
CON28(K) = AN28(3)
CON&3(K) = AN49(3)
CONGG(K) = AN4O(3)
CONGL(K) = AN41(3)
CONF25(K) = ANF25(3)
CONF49(K) = ANF491(3)
CONF41(K) = ANF&41(3)
CONF28{K)} = ANF28(3)
IF(J.LT.NENL) GO TO 7
IF{J.EQeNENL) GO TD 90
IF{J.LT.NENZ2} GO TO 1190
IF(JsEQ.NENZ) GO TO 1C5
IF{J.LT.NENT) GO TO 11¢
GO TO 2¢C

DO 100 L=1,52

PNOM(L) = PAAlL)

CONT INUE

GO 10 7

DO 1028 L=1,5¢

PNOM{L) = PBB(L])

CUNT INUE

NC = O

IFIRHO.GT.CsD+0) GO TO 10

IF(JJLTNENL) NBRNIK+1)

NBRN (K} = J
NC = NBRNI{K)
MMM= J + 5

[F{MMM,GE «NENT) GC TO

200

NBRNIK) + 52



TIM{(K) = TIMER{3} * 1l.0-21
CON251{K) = ANZ51(3)
CON26(K) = AN26&(3)
CON28(K) = AN281(3)
CONG9I{K) = AN49(3)
CON4O(K) = AN4Q(3)
CON&1(K) = ANGL1(3)
CONF25 (K} = ANF251(3)
CONF&9(K) = ANF491(3)
CONF41(K) = ANF41(3)
CONF2B8IK) = ANF28(3)

63

MAM = J + 4
IFIMAM,LE.NENL1)Y GC TO 7
0 170 L=1,52
PNOM(L) = PAA{L)

1772 CONTINUE
IFIMAM,LE.NEN2) GC TO 7
DO 180 L=1,52
PNOM(L) = PBBI(L}

1AC CONT INUE
GO TO 7

206 1 = 3

2i+1 CONZS{K]) = AN25(1)}
CON26(K) = AN26(I1)
CONZBI{K) = AN28BI(I)
CONGIIK)Y = AN4GS(I)
CONGO(K) = AN&GO(L)
CONG1{K) = AN4L(I)
CONF 25(K) = ANFZ5(1)
CONF491(K) = ANF49{I)
CONF&1(K) = ANF41(1)
CONF2B8(K) = ANF28(1)
TIMIK) = TIMER{I) % l.D-21
NBRN(K) = J
K=K + 1
I =1 -1
IF(I.GT.C) GG TO 201
K =K -1

WRITE(3,432)
WRITE(3,450) (M, IBRN{M), NBRN{M), TIM{M), CON25(M), CON49(M), CON
141(M), M=1,K)

432 FORMAT(SKy *LUAD? ¢ 7Xs " STARTING " 97X+ "ENDING*, 7X,y "FLUX TIME®, TX, "URAN
1TUM=-235", 7Xs "PLUTONIUM=-239° , TX, "PLUTONIUM=~24]1° /18X, "DATEY , 10X, *DAT
2E° 10X, " IN/KB)®; TKo *CONCENTRATION? 3 7Xy *CONCENTRATION® , 7X, *CONCENTR
3ATION®//7)

45C FORMATIS5X s E4e 9N, 14,10X,74,5X5D015010,2X%5D150055%X,D15.135%X,015.10/
1/

WRITE(3,942) (M, CON26{M), CONZ2B{(M), CON4O(M), CONF2Z25(M), M=1,K)
WRITE(3,943) (M, CONF4S(M), CONF4L1(M), CONF2B8(M), M=l,K)

942 FORMAT(5X,1449X,015.10,9%y,D15:10,9X9y015.10,9X,D1541%)

943 FORMAT(5X,14,9X,D1510,9X,D015.,10,9X,D15.10)

537 FORMAT(314+3D15.1C}

538 FORMAT(2D15.10)
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WRITE(2+537) { My, IBRN{M), NBRN(M), CONZ25(M), CON28{(M), CON26(MI},
IM=1,K)

WRITE(2,538) ( CON49(M), CON&1(M), M=1,K}

sTae

END



B.1 Introduction
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APPENDIX B

The CASH Code

The CASH code was used to determine the scheduling of cash flows, the

amount of each cash flow, the present worth of each cash flow, and the total

present worth of all cash flows. It utilizes the burnup data from FUEL.

B.2 Input Data Format

Cards 1-3 FPRMAT

(13(2X, A4))

PQ(I) - the letter symbols for each of the twenty-nine

Card 4 FORMAT
CF1 -
CF2 -
CF3 -

CF4 -

Card 5 FPRMAT
Cr7

CF8

CIRU

VREG

cash flow activities
(6D13.6)
unitized cost for purchase of U308
unitized cost for conversion and shipping
unitized cost of enrichment
unitized cost of shipping enriched fuel to the
fabrication plant
unitized cost of fabrication
unitized cost of shipping fabricated fuel to the

reactor site

(6D13.6)

unitized cost of reprocessing

- unitized cost of conversion of reprocessed
uranium

- unitized credit for plutonium

- volume of each region of the core



Card 6
Card 7
Card 8
Card 9-27
Card 28-46

wb

ANP@25 -~ initial nuclidic density of U-235

CFe - unitized cost of shipping irradiated fuel to
the reprocessing plant

FPRMAT (6D13.6)

DINT(I) - ith interest rate

F@PRMAT (6D13.6)

AN@P28 - dinitial nuclidic density of U-238

XP — product enrichment of the enrichment plant
XW — tail enrichment of the enrichment plant
XF - feed enrichment of the enrichment plant

FORMAT (1615)

NYRO - the calendar year prior to the startup year
NINT - number of interest rates

K - number of 1/3 core loads

FPRMAT (4X, 2I4, 3D15.10)

IBRN(M) - startup week for Mth load
NBEN(M) - shutdown week for Mth load
CPN25(M) - final nuclidic density of U-235 for Mth load
C@N28(M) - final nuclidic density of U-238 for Mth load
CPN26(M) - final nuclidic density of U-236 for Mth load

FPRMAT (2D15.10)

CPN4A9 (M) - final nuclidic demsity of Pu-239 for the Mth
load

CEN41(M) - final nuclidic density of Pu-241 for the Mth

load



536
534
535
537
538
1013
1117
1323
1073
1733
999
LGoT
1119
1i:37
Lce3
1121

3271
1627
541
542
539
4330
4001

The CASH Code Listing

IMPLICIT REAL*B{A-H,0-2)

DIMENSIUN
DIMENSION
DIMENS ION
DEIMENSIUN
DIMENSION
DIMENSIUON
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
CIMENSION

FORMATI13(2XsA4))
FORMAT (6D13.61)

FORMAT (1615)

FORMAT(4X,214,3015.10)
FORMATI2D15.10)

FORMAT{1H1}

FORMAT{59X,11H

FORMAT{ 1H-)

FORMAT (22X, "SUMMARY OF CASH FLOWS FOR
! 014X,"—-"‘"8X, .-""".,gx" ------------

FORMAT{1iX,®

FORMAT(11XsA&G,18Xy[4+,8Xe14)
FORMAT{L1Xp A4y 1BXeT14,8Xs [499X,Flle2)
FORMAT (11X A4 18X 148X, (48X, "-%,F1l1.2)

FORMAT{1HC)

FORMAT{28X, *TOTAL CASH FLOW FOR THE YEAR =

s 14)
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NFAB(53) s IFAB(50) yNSEN{5U ), ISENI(50) 4NENRIS50), IENR(5J)
IBRN{S5U) o NBRN(S50) o NLOALSU) o ILOA(50) yNSFA(SC ), ISFA(SU)
NCOS (53}, ICOS(50),IPUR(50) » IUNL(50) ,NUNL(50),ICOL(5D)
NCUL(5G) 2 ISCO(50) 4 NSCO(50) IREP(50) yNREP(501),ISRE(50)
NSRE(535),6B25(50),GB826(50),GB281(50),GB49(50),GB41(5J)
XE(S50) sF(50),FC(50) PURC(50) +UREP{50) ,PURE(501,C0S57({50)
COS8{(50),DELTB{(50)s UCRU{S50),CRE2(50},CRE3(50),TAFLO(50]
PQ{30) ,LINT(6),PWF(6+35)PTOFD(6,35)PTOF(6):FIXELI50)
W{50),CCN25(50),CON2Z6{50) ,LON28(50) CON&49{50) ,CON&Ll{50)
CFPUR(35),CFCOS{35},CFENRI(35),CFSEN{35),CFFAB(35)
CFSFA(35),CFSC0{35),CFCRL1(35)+CFREP(35),CFCON(35)
CFCR2(35)CFCR3(35)+TFPUR(54+35),TFCOS(5,35)4TFENR(5,35)
TFSEN(5+35)+ TFFAB{(5,35)4TFSFA(5,35) ,TFSCO(5,35)
TFCR1(5435) 4 TFREP{5+:35},TFCON{5,35),TFCR2{5,35)
TFCR3(5435) s TOPURI(5) » TOCGS(5) y TOENR(5) , TOSENI(5),TOCR2(S
TOSFA{5)+TOSCU(S5),TOCRL{5) ¢ TOREP(5) o TOCON(S} , TOFABIS)
TGCR3(5)

T,F11.2)

FORMAT(1X, *INTEREST*92X,015:102X3015e61042X301561042Xs015.13+2K,0.

15.1077)

FORMAT(1Xs[298XyD15s10,2XeD15:1092KeD15,10,:2X9D1561052X4015.10)
FORMATH(LLX ,"ACTIVITY 514X, 'LOAD";8BX, *WEEK";9X,CASH FLOW($)")

FORMAT{4X,214,3018.13)
FORMAT(Z2018.101

FORMAT{1Xs A4+ 4Xs5(2X,D15.101)

FORMAT(1X, 'TOTAL"43X,5{2X,D15.101})

FORMATI(9X,5(2X,°
{ PCI(T1),

READ(5,536)
READ{5,534)
READ(5,534)
NINT = 5
READ{(S5+534)
READ{5,534)
READ({5,535)
READ(5,537)
1=1,K)
READ(5,538)
WRITE(6,535)

CFl,
CFT7y

{ DINT(I),
ANDOQZ28,

S S S e e v v e

I=1,29)

CLF2, CF3,
CF8y CIRU,

XPy XW,

NYROy NINT, K

{ IBRN{M),

( CONGI(M),
NYRC

NINT, K

CFé4,

)l

VREG,

I=1yNINT

XF

)

NBRN(M},

CONGLIM),

CF5, CF5A
ANDD2S,

CON25(M1},

M=1|K,

CF6

CON28{(M) 4 CUN26( M),
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WRITE{6,536) ( PC(L}, [=1,2%}

WRITE(6,534) CFl, CF2, CF3, CF4, CF5, CF5A

WRITE(6,534) CF7, CF8, CIRU, VREG, ANOD25, CF6

WRITE{(6,:534) ( DINT(I), I=1,NINT )

WRITE(6,534) ANGDZ8, XP, XW, XF

WRITE(6,541) { IBRN(M)y NBRN{M)y, CONZ25(M), CONZB{M), CON2G(M),
1=1,K) ’

WRITE(6:542) ( CON49(M), CONALIM), M=1l,.K)

£CO 809 M=1.K

NLOA (M) = IBRN(M) - 1
ILOA(M) = [BRN{M) - 4
NSFA(M] = IBRN{M) - 5
ISFA(M) = IBRN(M) - 6
NFAB (M) = [IBRN{M) - 7
IFAB (M)} = [BRN(M) - 153
NSEN(M) = IBRN(M) - 16
[SEN(M) = IBRN(M] - 17
NENR (M) = IBRN({M) - 18
TENR{M) = IBRN{M) - 26
NCOS(M) = IBRN(M} - 27
ICOS{M) = IBRN(M) - 40
[PUR(M) = IBRN(M} - 40
TUNL (M) = NBRN{M) + 1
[ICOL{M) = NBRN(M) + 5
NCOL{M) = NBRN(M) + 21
ISCOIM) = NBRN{M) + 22
NSCO(M) = NBRNIM) + 24
IREP(M} = NBRN(M) + 25
NREP{M} = NBRN(M) + 26
ISRE(M) = NBRN{M) + 27
NSRE (M) = NBRN{M) + 30
NUNL (M) = NBRNIM) + 4

80C CONTINUE
MAA = K - 2
0 93C M=MAA,K

NREPIM} = NBRN(#M) + 28
ISRE(M) = NBRN(M) ¢+ 29
NSRE (M) = NBRN{M) + 32

900 CANT INUE

C MASS BALANCE PRIOR TG IRRADIATION
GK25 { ANOOZ25 #* VREG % 4,235 D40 ) / 6,023 D+23
GK28 ( ANODZ28 * VREG * 4238 D#Q ) / 6.023 0+23
FREAC = GK25 + GK28
PFSH 1.1 D+0 %= FREAC
ENRIC = ( PFSH = ( XP — XW )) /7 { XF = XW )
CONy 1.005 D+0 #* ENRIC
TAIL ENRIC - PFSH
PUR = ( CONV % 2,205 D+J ) / 848 D+0

C MASS BALANCE AFTER IRRADIATION
D0 B21 M=1,.K
GBZ25 (M)} { CON25(M) * VREG % .,235 D+0 ) / 6,023 D+23
GB26{M) ( CON26(M) * VREG #* o236 D+C ) / 6.023 D+23
GB28 (M) { CON2B{M) * VREG * .238 D+0 )} / 6.023 D+23

nuwn



GB49 (M)
GB41(M)
8731 CONT INUE
UNITIZED MASS BALANCE FOR U-CREDIT
N0 8903 M=1,K
KE(M) = GB25(M) / ( GB25(M) + GB26(M) + GB28&(M) )
F (M) { XEIM) = XW ) / ( XF - XW )
W(M) F(M) - 1.D+0
FCIM) = F(M) * 1,005 D+0
PURC(M) = ( FCIM) *= 2,205 D+) ) / 848 D+0
MASS BALANCE QUT OF REPROCESSING
UREP(M) = .987 D+C * ( GB25(M) + GB26(M) + GB28(M) )
PURE(M) = .99D+0 # ( GB4S3(M) + GB41(M) )
B8C3 CONTINUE
308 PURCHASE, CUST = COS1
COS1 = CF1 * PUR
CONYERSIDN AMND SHIPPING, COST
CO0S2 = CF2 * ENRIC
ENRICHMENT, COST = CCS3

{ CON49{M) * VREG * .,239 D+0 ) / 6.023 D+23
( CON41(M) * VREG * .241 D+0 ) / 6.023 D+23

fon

€C0os2

FIXP = (leD+uU = 2,040 * XP ) * DLOG(L Ll.D+GCG - XP )} / XP )

FIXF = (1.D+0C = 2,D+0 * XF ) # DLOG(( 1l.D+0 - XF ) / XF )

FIXN = (1.D+U — 2.D+0 * XW ) % DLOG({ lD+0 - XW ) / XW )
¥

DELTA = TAIL * FIXW + PFSH
C0S3 = CF3 * DELTA
PRE-FABRICATION SHIPPING, COST = COS4
CO0S4 = CF4 * PFSH
FABRICATION, COST = COSS
C0S5 = CF5 #* FREAC
UCR = ( CuUSl + CO0S2 + COS3 + COS& ) / PFSH
CRE1 = UCR * 1l.D-1 * FREAC
PRE-IRRADIATION SHIPPING, COST = COSSA
COS5A = CFSA * FREAC
PRE-REPROCESSING SHIPPING, COST = COSé6
COSe = CF6 # FREAC
COSTAA = ( GK25 + GK28 ) % 1.D0-3 * CF7 + B8.D0+3 * CF7
DO BOB M=1,K
REPROCESSING, COST = COS7
CAS7(M) = COSTAA
CONVERS ION, COST = CCS8
COS8(M) = CF8 * UREP(M)
URANIUM CREDIT, CREDIT = CRE2
FIXE(M) = (1.D40-2,D+0*XE(M) ) * DLOG((1.D+C-XE(M))/XE(M))
DELTB(M) = W(M) * FIXW ¢ FIXE(M) - F(M) * FIXF
UCRU(M) = CF3 *= DELTB(M) + FI(M) * CF2 + PURCI(M) * CF1
CRE2{M)} = UCRU(M) * UREP(M]}
PLUTONIUM CREDIT, CREDIT = CRE3
CRE3 (M) = PURE(M) % CIRU
878 CONTINUE
COSTBB = ( GK25 + GK28 ) * 3,D-3 * CF7 + 8,0Ut0 * CF7
€COSTB = COSTHB / 3.D+0
DO 811 M=MAA,K
COST(M) = COSTB
811 CONTINUE

FIXP - ENRIC * FIXF
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C

PRINT OUTY OF CASH FLCWS

10

1405

10190

1t15%

1325

WRITE(6,1013)
DO 1300 L=1,35

CFPURI(IL) = (.D+0D
CFCOS(L) = C.D+0
CFENRIL) = 0.0+0
CFSEN(L) = L.0+0
CFFABIL) = 0.0+0
CFSFAIL) = 0.D+Jd
CFSCO(L) = 0.D+0
CFCRLIL) = 0.D+0
CFREPIL) = G.D+0
CFCON{LY = C.D+C
CFCRZ2{L)Y = v.D+U
CFCR3(L) = J.D+0C
TOFLO(L)Y = G.D+0
CONT INUE

L =1

N0 30920 J=1.,1716

IF{J.NE.1) GU TO 10605
WRITE(6,10031 NYRO
WRITE(6,1023)

WRITE{H,102T)

WRITE(6,1033)

WRITE(6,1037)

CONT INUE

DO 2000 M=1,K
[F{IPUR{M)NE.J) GO TO 1010
NAZ = TPUR{M) / 52

NAY = [JPUR(M) - NAZ #* 52
IF(NAY.EQ.D) NAY = 52
WRITE(6,1G07) PQ{1), M, NAY, COS1
CFPUR(L) = CFPURIL) + COS1
TOFLO(LY = TOFLO(L) + COS1
IF{ICOS(M).NE.J} €O TO 1015
NAZ = ICOStIM) / 52

NAY = ICOS(M) - NAZ % 52
IFINAY.EQ.0) NAY = 52
WRITE(6:999) PQ{(Z2)y M, NAY
IF(NCOS{M)sNEsJ) GO TO 1020
NAZ = NCOSIM) / 52

NAY = NCOS(M) - NAZ * 52
IFINAY.EQeD) NAY = 52
WRITE(6,1007) PQL2), M, NAY, COS2
CFCOS{L) = CFCOS(L) + COS2
TOFLO{L) = TOFLO{LY + COS2
IF({IENR{M)NE-J) GO TO 1025
NAZ = IENR(M) / 52

NAY = IENR(M) = NAZ #® 52
[FINAY.EG.U) NAY = 52
WRITE(6+,999) PQ{4)y M, NAY
[FINENR(M)NE-J) GO TO iG3D
NAZ = NENR({M) / 52
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1435

1640

1745

1265

NAY = NENRIM) - NAZ * 52
IF(NAYL.EG.2) NAY = 52
WRITE(6,10UT7) PQ(S), M, NAY, COS3
CFENR{L) = CFENR{L) + COS3
TOFLO(L) = TOFLOC(L)Y + COS3
IFITSEN(M) «NEsJ) GO TO [U35
NAZ = [SEN(M) / 5¢

NAY = ISEN(M) — NAZ * 52
[F{NAY.EQ.u) NAY = 52
WRITE(6,999) PQ(6)y, M, NAY
IF(NSEN({M)aNEe.J) GO TO 1J4C
NAZ = NSENIM) / 52

NAY = NSEN(M) - NAZ ¥ 52
IFINAY.EQeT) NAY = 52
WRITE(6,13CT7) PQUT) s M, NAY, COS4&
CFSEN(L) = CFSEN(L) + COS4
TOFLO(L) = TOFLO(L) + COUS4
IF(IFAB(M).NEoJ) GO TO 1045
NAZ = IFAB(M) / 52

NAY = IFAB(M) - NAZ #* 52
IFINAY.EQaO3) NAY = 52
WRITE(6+999) PQ(B)y M, NAY
[F(NFAB(M).NE+.J) GO TO 1050
NAZ = NFAB(M) / 52

NAY = NFAB(M) - NAZ = 52
[FINAY.EQ.0) NAY = 52
WRITE(6,1007) PQ(Y), M, NAY, COS5
CFFAB(L) = CFFABIL) + COS5
TOFLO(L)Y = TOFLO(L) + COS5
WRITE(64,1119) PQ(29), M, NAY, CREl
CFCR1I(L) = CFCR1(L) ¢ CREl
TOFLO(L)Y = TOFLO(L) - CREL
IF(ISFA(M]}NEsJ) GO TO 1355
NAZ = ISFA(M) / 52

NAY = [ISFA(M) - NAZ * 52
IFINAY.EQ.O) NAY = 52
WRITE(6,999) PQ(10), M, NAY
IFINSFA{M) NEesJd) GO TO 1u6s
MAZ = NSFA(M) / 52

NAY = NSFA(M) - NAZ ¥ 52
IF(NAY.EG.T) NAY = 52
WRITE(G6,1007) PQ{11), M, NAY, COS5A
CFSFAIL) = CFSFA{L) + COS5A
TOFLO(L) = TOFLO(L) + COS5A
IF(ILOA(M).NE.J) GO TO 1365
NAZ = ILUA(MY / 52

NAY = [LOA(M) - NAZ * 52
IFINAY.EQ.0) NAY = 52
WRITE(6,999) PQ(12), M, NAY
IF{NLOA(M)oNEsJ) CO TO L1067
NAZ = NLOA(M) / 52

NAY = NLOA(M) - NAZ * 52
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WRITE(6,999) PQ{13), M, NAY
1267 IFUIBRNIM),NE.J) GO TO 1068
NAZ = IBRN(M) / 52
NAY = IBRN{M) - MAZ * 52
IFINAY.EQ.u) NAY = 52
WRITE(6,599) PQ(14), M, NAY
1768 TF{(NBRN(M) NE-J} CO TO 1070
NAZ = NBRNI{M) / 52
NAY = NBRN(M) - NAZ * 52
IFINAY.EQ.Q) NAY = 52
WRITE(6,999) PQ{15), M, NAY
197C TF{IUNL(M)NE-J) €0 TO 1075
NAZ = TUNLI{M) / 52
NAY = TUNL(M) - NAZ * 52
[F(NAY.EO.U, NAY = 52
WRITE(6,999) PQULLE), Ms NAY
1775 IF(NUNL{M).NE-J) GO TO 1089
NAZ = NUNL(M) / 52
NAY = NUNL(M) - ANAZ * 52
IF(NAY.EG. U} NAY = 52
WRITE(6,999) PQ(1l7)s My, NAY
180 IF(ICOL({M).NE-J) GO TO 1085
NAZ = JCOL(M) /7 52
NAY = ICOL({M} - MNAZ * 52
IFINAY.EQ.O) NAY = 52
WRITE(6,999) PQ(18), M, NAY
1,85 IF(NCOL(M)}.NEed) GO TO 1090
NAZ = NCOL{M) / 52
NAY = NCOL(M) - NAZ %= 52
IF{NAY.EQaQ) NAY = 52
WRITE(6,999) PQ{1S), M, NAY
1290 IF(ISCO(M).NE.J) GO TO 1995
NAZ = ISCO(M) s 52
NAY = ISCOIM) - NAZ * 52
IF(NAY.cEQ.U) NAY = 52
WRITE(6,999) PQ(2C), M, NAY
1v3% IFINSCO(M).NELJ) GO TO 1140
NAZ = NSCO(M) / 52
NAY = NSCO(M) - NAZ % 52
IF‘NAV.EU-G) NAY = 52
WRITE(6,1007) PQ(21), M, NAY, COS6
CFSCO(L) = CFSCO(L) + COSs
TOFLO(L) = TOFLO(L) + COSé6
1120 IF(IREP(M).NE-J} GO TO 11405
NAZ = IREP({M) / 52
NAY = IREP(M) - KAZ % 52
IFINAY.EQ.DQ) NAY = 52
WRITE(6,999) PQ(22), M, NAY
11755 TF(NREP(M).NEsJ) GO TO 1110
NAZ = NREP(M) / 52
NAY = NREP(M) - NAZ * 52
IF{NAY.EUQ.U) NAY = 52
WRITE{6,1207) PQLZ23), M, NAY, COST({M)



1119

1115

1125
2000

2500

e

CFREPIL) CFREP{LY + COSTUM)
TOFLO(L] TOFLO(LY + COST{M)
WRITE(6,10G7) PQ{z4), M, NAY, COS8B8(M)
CFCON(L) = CFCONIL)Y + CDSa{M)
TOFLO(LY = TUFLO(L) + COS8{(M)
IF{ISRE{M)NEsJ) GO TG 1115

NAZ = ISREIM) / 52

NAY = [ISRE(M) - MAZ % 52
IFINAY.EUaQ) NAY = 52

WRITE(6,999) PG{25), M, NAY
TF{NSRE(M) NE.J} €GO TO 1125

NAZ = NSRE(M) / 52

MAY = NSRE(M) - NAZ * 52
WRITE(6,999) PQ{26), M, NAY
WRITE{6,1119) PQ(2T}, M, NAY, CREZ(M)
CFCR2(L) = CFCR2iL) + CREZ{M)
TOFLO{LY = TOFLO{L) - CREZ2({M)
WRITE(6,1119) PQ{(z8), M, NAY, CRE3I(M)

CFCR3(L) = CFCR3(L) + CRE3(M]
TOFLO(L) = TOFLO{L) - CRE3{M)
CONT INUE
CONT INUE

NAW = J / 52

NAX = J — NAwW * 52
IF{NAX.NE.D) GO TC 25C0
wRITE(6,1117)
WRITE(6,1037)
WRITE(6,1043) TOFLO(L)
WRITE(6,1013)
IF(J.EQ.1716) GO TO 2500
NYR = L + NYRQO
WRITE(6,1003) NYR
WRITE(6,1023)
WRITE(6,102T7)
WRITE(6,1033)
WRITE(6,1G37)

L=L+1
CONT I NUE
CONT INUE
C DETERMINATION OF PRESENT WORTH FACTORS
DO 3100 I=1,NINT
PHF{I+1) = 1.D+0Q
PWF{1,2) = 1.D+40 / ( 1.0U+0 + DINT(I} }

3166
3L

00 3050 n=3,L

PUFL{I yN) = PWF(I42) * PWF(I,N-1)

CONT INUE

CONT INUE

WRITE(6,1C13)

WRITE(6,1121) { DINT(I)y E[=1,NINT )

DO 3200 N=1lelL

WRITE(6,3201) Ne ( PHF(IyN)y I=1,NINT)

320C CONTINUE
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CONT INUE

C DEVYERMINATION OF PRESENT

32715
337

3459
3400

na 333¢C I=
DO 3205 A=
TFPURI( TN}
TFCOS(I o}
TFENR(I,N)
TESEN(I¢N)
TFFAB(I M)
TESFA(I NI
TFSCOl1I,N)
TFCR1(I,4N)
TFREPI(I 4N}
TFCON{IN)
TFCR2(I,N)
TECR3{I,N)
PTOFOD{I.N)
CONT INUE
CONTINUE
DO 3400 I=
TAPURILT)
TOCOS(I}
TOENRI{I1)
TOSENI(I)
TOFABI( I}
TOSFA{IL)
TGSCOtI)
TOCRL(I)
TOREP(T)
TOCONII)
TOCRZ2(1I)
TOCR3(1)
PTOFII) =
0O 3350 N
TOPURIT)
TaCOsSt I
TOENR(T)
TOSEN(T)
TOFABI(TI)
TOSFA(IL)
TOSCOI(TI)
TOCR1 (1}
TOREPI(I)
TOCONC(T)
TOCR2(I}
TGCR3(1)
PTOF(I) =
CONTINUE
CONT INUE
WRITE(6,10
WRITE(6,11

| T T T T T I T | I T T

L I T I T L | N VI T | BT

1, NINT

leL
CFPUR(N)
CFCOS{N)
CFENR(N)
CFSEN(N)
CFFAB{N)
CFSFA{N]
CFSCOtN)
CFCR1 (N}
CFREP (N}
CFCONIN)
CFCRZ2(N)
CFCR3(N)
TOFLC(N)

L T | | T T Y A | N T O | T N 1

Lo NINT
0eD+G
D40
O.D+G
CD+0
0.D+0
0«D+0
0.D+0
C.D+0
C.D¢0
CsD+C
(-‘CO"’O
0'D+0

0.D+0

st
-
-

TOPURI(L) +
TOCOStI) +
TOENRII) +
TOSEN(I) +
TOFAB{L} +
TOSFAC(L) +
TOSCOU(IY +
TOCRL(I) +
TOUREP(I) +
TOCON(TI) +
TUCR2(I) +
TOCR3(I) +

P

PTOF(I) +

13)

21) ¢ CINT(IL),

WRITE(&,13537)
WRITE(6,539) PQ(l),

WURTH OF YEAR END CASH FLOWS

PHF(T1¢N)}
PAF{I.N)
PWUF (] #N)
PHF{IN)
PRF{IsN)
PWF (T N}
PRF(I NI}
PWF{1I,N)
PWF (LN}
PWF{I,N)
PHF{I:N)
PHF{I yN)
PHF{I 4N}

% 4 6 2 W W o W W H

TFPURII,N)
TFCOS{I.N)
TFENR(TsN)
TESEN(I ¢N)
TFFAB{IN)
TFSFALT+N)
TFSCO(I 4N}
TFCRI{I N}
TFREP{I¢N)
TFCONLI #N)
TFCR2(I ¢N)
TFCR3(IN)

TOFO(IeN)

{ TOPURI(I),

I=1,NINT

I=1’NINT )
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5.0

WRITE(6,4539)
WRITE(6,539)
WRITE(6,+539)
WRITE(6,539)
WRITE(6,539)
WRITE(6,539)
WRITE(64539)
WRITE(6,4539)
WRITE(65539)
WRITE(6,539)
WRITE(6»539)
WRITE(6,40C1)
WRITE(6,1037)
WRITE(6,4000)
WRITE(6,1013)
CONT INUE

STOP

END

PGL3}, { TAQCOS{I}y I=1,NINT
PQ(S])e { TOENR(I)y I=1,NINT
PQ(3]}), ( TOFAB(I)s I=1,NINT
PQI11)y ( TOSFA{I), I=1,4NINT
PQi21l}, ( TOSCO(I), I=1,NINT
PQI29), ( TOCRLI(I), I=1,NINT
PQ{23), { TOREP{I),s I=1sNINT
PQi24), { TOCON(I)s I=1,NINT
POLZT7) ( TOCRZ(I}s I=1sNINT
PQi28Y; { TCLR3(I),y E=1.NINT
( PTOF{I)y I=1,NINT )
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ABSTRACT

As utilities become more committed to nuclear power and more fossil-fired
plants are retired, nuclear power reactors will be pressed into peak-load
pickup service; therefore, nuclear reactors will deviate strongly from the
base-load situation. Consequently, there is some question as to the effact
this deviation will have on fuel cvecle costs,

The purpose of this work was to determine the effect that the deviation
from the base load assumption over the thirty year life of a 1light water
reactor will have on:

(1) Scheduling of refuel shutdown periods;

(2) Present worth of cash flows for U308 purchase, conversion,

enrichment, fabrication, shipping, reprocessing, and uranium
and plutonium credits;

{(3) Total cash flows.

Cash flows were determined for four cases of burnup. For the reference
case, power was generated at a constant rate at a particular load factor
for one week. For the first comparative case, the load factors from the
reference case were averaged from years 1-10, 11-20, 21-30 of operation.

For the second comparative case, the reference case load factors were averaged
over the years 1-10 and 11-30. For the comparative cases, the power generation
rate was assumed to be constant over the period for which the load factors

were gveraged.

The case 1 averaging technique proved to be accurate for scheduling of
cash flow activities. The case 2 technique displayed a marked difference
in scheduling of cash flows., Some differences for particular activities were

as high as five years. The case 3 technique provided a schedule more



compatible with the reference case, but cash flows for particular activities
tagged the reference case schedule by as much as three years. Utilities
must have an accurate knowledge of the schedule of cash flow activities for
financing reasons; therefore, one would tend to dismiss the case 2 and 3
technique as being too inaccurate.
However, all the results of this study are based upon the reference
case load scheduling. This schedule deviates strongly from the average
load assumption. In the future, utilities will be using more pump-storage
facilities and gas turbines to meet extreme peak loads. Thus, nuclear
povwer station load schedules probably will be closer to the average load
assumption than the schedule for the reference case used in this study.
Therefore, case 2 and 3 techniques may be used for cash flow scheduling if
the load schedules do not deviate strongly from the average assumption.
Nonetheless, the case 1 technique proved to be highly accurate,
Therefore, for cash flow scheduling purposes, an average load factor may be
used for periods of 1-10 years., For pericds longer than ten years, the
accuracy is wholly dependent upon the degree to which the actual load schedule

deviates from the average assumption.



