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Abstract

An attempt is made to analyze the unit nuclear power cost of the Go-ri
units 1 and 2 in terms of a set of model data. For the calculational purpose,
the power cost is first decomposed into the cost components related to the
plant capital, operation and maintenance, working capital requirements, and
fuel cycle operation. Then, POWERCO-50 computer code is applied to enumerate
the first three components and MITCOST-II is used to evaluate the fuel cycle
cost component. The specific numerical results are the fuel cycle cost of Go-ri
unit 2 for three alternative fuel cycles presumed, levelized unit power cost of
units 1 and 2, and the sensitivity of the power cost to the fluctuation of the
model data. Upon comparision of the results with the power cost of the fossil
power plants in Korea, it is found that the nuclear power is economically
preferred to the fossil power. Nevertheless, the turnkey contract value of
Go-ri unit 2 appears to be rather expensive compared with the available data
on the construction cost of the PWR plants. Therefore, it is suggested that,
in order to make the nuclear power plants more attractive in Korea, the
unfavorable contract of such kind must be avoided in the future introduction
of the nuclear power plant. Capacity factor is of prime importance to achi-
eving the economic generation of the nuclear electricity from the Go-ri plant.
Therefore, it is concluded that more efforts should be directed to make the
maximum use of the Go-ri plant.
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1. Introduction

It has been known to us that the Go-ri
nuclear power plant is economically compe-
titive with the existing fossil power plants
in Korea. However, recent years have seen
the price upswing in fuel cycle elements such
as uranium ore, enrichment service, and fuel
fabrication, etc., as well as the high cont-
ract value of the plant construction cost, as
met in the case of the Go-ri unit 2. On the
other hand, rapid escalation in the oil price
is considered to affect strongly the power
cost of oil-fired plants. Therefore, it is the
time to reassess the nuclear power economics
of the Go-ri plant.

As an effort to do so, we analyzed the
nuclear fuel cycle cost of the Go-ri unit 1 in
our previous paper (hereafter referred to as
paper 1)V. Even though the fuel cycle cost
is an important economic index for the nuc-
lear electricity, it is the power cost that
ultimately provides a firm basis for justifying
the nuclear plants in competition with the
Therefore, we consider
it valuable to analyze the power cost of Go-ri
units 1 and 2 under the current economic
circumstances. Motivated by this, we herein

other fossil plants.

attempt to evaluate the levelized unit power
cost of nuclear electricity from the Go-ri
plant.

In general, the power cost can be subdi-
vided into four major cost components which
are related to plant construction, non-fuel
working capital, operation and maintenance,
and fuel cycle operation. The computer codes

such as POWERCO-50» and PACTOLUS®

can enumerate these four cost components all
together. we separated the fuel
cycle cost component from the other cost
components and evaluated it using MITCOST-
11 discussed in paper 1. The rest of the
power cost components are then computed by
POWERCO-50. The reason for treating this
way is that, in connection with the fuel cycle
management scheme, MITCOST-[ can give
us more versatile information than POWER-
CO-50;In addition, in order for POWERCO-
50 to be operable, the input data concerning
expenditures on each batch of fuel assemblies
must. be prepared either by hand calculation
or by computer codes like MITCOST-II.

So far as the calculational methods are con-
cerned, both POWERCO-50 and MITCOST-
II are based on the present-worthed cash

However,

flow precedure. The power cost is determined
by requiring that the total income from the
sale of electricity must provide for the total
expenses on generating the electricity. When
expenses spent on the fuel cycle operation are
extracted from the total expenses, the fuel
cycle cost component is obtained. Just for
the purpose of clarifying the calculational
procedure, the basic formulas upon which
PWERCO-50 is based are rederived here in
the same spirit as the original derivation, but
following a slightly different procedure. Those
for the fuel cycle cost are omitted here, since
they are given already in paper 1.

The specific numerical results are the leve-
lized unit fuel cycle cost of Go-ri unit 2 and
the levelized unit power costs of units 1 and
2. In computing the above costs, some ess-
ential data in relevant with the plant design
and operation parameters must be known in
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advance. Due to the lack of information on
some of parameters, however, the uncerta-
inties are inevitably associated with the power
cost evaluations of two units. Therefore, to
remedy this situation, the effects of the unc-
ertaintes in plant operation and various cost
data on the power costs are also investigated

by performing the sensitivity analysis.

2. Method of Power Cost Evaluation:
POWERCO-50

The power cost of a given nuclear power
plant is usually divided into four components,
representing the cost contributions due to
plant capital, non-fuel working capital, fuel
cycle cost, and plant operation and maintenan-
ce cost. POWERCO-50 determines these cost
components all together based on the present-
worthed cash flow procedure. As discussed in
detail in Reference 2, the original approach
to the theoretical formulation for the power
cost is very simple. However, since we find
that the effective cost of money to be used
in present-worthing all the cash incomes and
expenditures does not come out naturally
from the original approach, we present herein
an alternative derivation, treating the contri-
bution of the fuel cycle cost separately from
the other three cost components of the power
cost.

Suppose that, for a given power plant ha-
ving N years of plant life, a company makes
an initial capital investment of V,. In order
to establish the cash flow balance equation
with regard to the ¢ year of the plant ope-
ration, let us define the followings:

V.=the outstanding principal at the begin-

ning of the 7** year,

E;=the total kilowatt-hours of electricity

produced in year 7,

Gi=all the cash expenses accruing from

the operation and maintenance of the
plant in year 7,
D,=the depreciation charges allocated in
year i,
W.=the working capital tied up for the
plant operation in year 7,
T..=the corporate income tax obligation in
year i,
T/=the sum of the local property tax, re-
venue income tax, interim replacement
cost, and property insurance in year 7,
One notes that the cash income in year 7
is the revenue received from the sale of ele-
ctricity, if unit price (mills/kwhe) is unifor-
mly charged over the life of the plant
=10"% FE.
Also, one notes that the cash expenditures in
year ¢ are
the bondholders’ and stockholders’ return=
Vi(b+3)
the interest the company pays for the wor-
king capital=xW,,
the corporate income tax, 7,
T..=k.(107%E~G,—bV,—D:—T}') (1)
the charges for the local property tax,
revenue income tax, property insurance and
interim replacement cost,
T/ =10k, eEi-+-k.fiV -k W,
+kV otk (Vot+-W), 2)

where

b=annual rate of return to bondholders
:sz.bv

s=annual rate of return to stockholders
= f‘i"

fo=fraction of investment in the form of
bond,

f.=fraction of investment in the form of
stock,

f,=bond interest rate per year,
x=annual interest rate applied to the wor-
king capital,
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7, =rate of return to stockholders per year,

k.,=the corporate income tax rate,

k,=revenue income tax rate,

k,=property tax rate for the plant capital
investment,

f:=the fraction of the plant capital remai-

. . N+1—7
ning at the start of year z(— N >,

k,=tax rate for the working capital,
k,=the equivalent annual rate for interim
replacement,
ks=property insurance rate.
Thus the total expenditure in year ¢ becomes
GHV,(b+s)+xW,+T..+T/. Therefore, the
funds available to write off the outstanding
principal at the end of the 7** year is 1073 eE;
— GV (b+s)+xW,+T..+T/1. This then
leads to the outstanding principal at the be-
ginning of (7-+1)* year.
Vin=V.—[107%E— {G;
+V.(b+s)+a WA T+ T} ]
Replacing Eqs. (1) and (2) for T,; and T/,
one gets the recursion relation,
Vin=V,1+4,) +G,(1—k,) —kD;
+(Q—k) R fitkatk) VW [(1—Fk,)
(kp+ks) +x]1—107%¢E; (1—k,), (3)
where
f,o= (1—k)b+s, 4
k.=k+(1—Fk)k.. (5
Requiring that the outstanding principal at
the end of plant life, V4,
one finds that the levelized unit cost of elec-
tricity is given by
BV b P WA PTG

t —ktDI]

e:
lo—a(l_k:)’é:lpbstl (6)

where
k=14 (1= k) £ Py, (fib kot b), (D)

ko= (1—k.) (kst-ks) +x, (8)

must vanish, -

Pi.=0+1)7" (9)
Eq. (6) can be rewritten as a sum of three
cost components; plant capital, working ca-
pital, and operation and maintenance costs.
Denoting these by u, u,, and #u,, respecti-

vely, one finds

N
k,Vp_ktélpbvle

Up= . s (10)
lo—s(l_kc)élPl:stI

N
kaIPb v,
=

U,= ~ ’ (11)
10— (1—k')z§1Pb vl

N
(l_kt) IZ=II)””GZ

U,= N ’ (12)
107 (1—) 5Py

Assuming that annual working capital requ-

irements are the same throughout the life of

the plant, i.e., Wi=W,=W;=----- W,=W,,

and that the interest rate tied up for the

working capital, x, is the same as the eff-

ective cost of money, i,,, Eq. (11) becomes
kW,

107(1~k) £ E (13)

u,=

where

I=1=Pit (1=k) (boh) £P.oss (14)

Eqs. (10), (12) and (13) are the basic for-
mulas by which POWERCO-50 enumerates
the power cost components. The levelized unit
power cost is the sum of these components
and the fuel cycle cost can be evaluated in
terms of MITCOST-] following the proce-
dure discussed in paper 1. There are a couple
of things to be noted. Firstly,
Eq. (6) we tacitly assume that all capital is
maintained at a constant bond to equity
ratio. Secondly, the effective cost of money

in deriving
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Table 1. The Unit Costs of Fuel Cycle Elements

Annual Escalation Lead(—)/Lag(+4)

Fuel Cycle Elements Unit Costs rate (%/yr) time (yr)
U;0s Purchase 42.24* $/1b U0, 4.6% —1.417, —2.167°
UF, Conversion 3.84* $/kg U 2.23* —1.292, —2.042*
Enrichment 58.79 $/kg-SWU 62 —1.042, —1.75°
UO, Fabrication 101.74, 186.03* $/kg U 1.56° —0.625, —1.167°

305.21° $/kg HM
Fresh fuel shipping 6.02%, 18.03° $/kg HM 3 —0.208, —0.625"
Spent fuel shipping 76.48%/kg HM 3 +0.458
Reprocessing 249.18 $/kg HM 3.568 +0.792
Reconversion 6.46 $/kg U 2.23 +1.125
U Credit — — +2.292
Pu Credit 14.047 $/kg-fissile Pu 3.2 +1.167

a. is taken from paper 1.

b. refers to the initial core, i.e., batches 1,2, and 3

c. refers to the mixed oxide fuel (PuQ,-UQ,)

used in MITCOST-II is different from that
in POWERCO-50 by an amount of &, (1—%,).
This stems from the fact that in MITCOST-
IT the local property tax is imposed on the
outstanding principal which pertains to fuel
investment, in POWERCO-50 it is
imposed on some fraction of fuel investment
for initial core. Noting that the property tax
rate is a few percent, as it stands now, and
that the present worth factor appears both
in numerator and in denomenator, it is not

while,

likely that this makes any significant diffe-
rence in the final result of the levelized unit
power cost. In view of this fact as well as
many versatile information that MITCOST-
IT can give us in relation with fuel manage-
ment scheme, we hence use MITCOST-II to
evaluate the fuel cycle cost contribution to
the power cost.

8. Numerical Analysis and Discussion

8.1. Levelized Unit Nuclear Fuel Cycle
Cost of Go-ri Unit 2

In connection with the fuel cycle cost an-

alysis of Go-ri unit 1, we have discussed an
input data model to MITCOST-II in paper 1.
Since most of the model data are also appli-
cable to Go-ri unit 2, let us concentrate on
what we have not considered in paper 1. The
Go-ri unit 2 is scheduled to start its initial

commerical operation in Jan. 1981 with the
design power level of 605 MWe.

We consider three alternative fuel cycles
for this unit; (a) a typical light water fuel
cycle without plutonium recycle, (b) the same
as (a) but with plutonium recycle, and (c)
the simple throuh-away fucl cycle without
spent fuel reprocessing. Note that only the
case (c) fuel cycle is assumed for the unit 1.

Table 1 lists the model prices for the fuel
cycle elements of Go-ri unit 2. For the unit
prices on uranium ore, UFs conversion, and
fuel fabrication, the model data in paper 1
are used without modification. The enrich-
ment service charge is obtained from KECO®.
The escalation rate of 6% is higher by 2%
than the rate set by the current policy of
ERDA, but is presumed on the basis of the
actual price history of U.S. AEC (now ER-
DA) in the past, Reprocessing and shipping



106 J. Korean Nt;clear Society, Vol. 8, No. 2, June, 1976

Table 2. Fuel Mass Balances for Individual Batches, Fuel Cycles of Case (a) and (¢)

Uranium . . .. . atonium Average
pacen | subpacen|  EIHISHmEnt | R R kg Ty | Weight (kg Py |Dprcharee
Initial | Final | Initial | Final |Initial | Final |Initial| Final | QERD/
1 — 180 09 17,251 1698 — 75 —~ % 12,100
2 - 240  0.80 17,251 16700 — 100  — 136 23,050
3 — 3.00 0.8 15197 14513  — 9 - 138 30,550
4 A 329 149 2,04 1992  — 2 - 15 21,700
B 329 0.96 15197  145% — 102 = — 141 32,600
5 A 329 145 2,054 1990 — 2 - 16 22,450
B 329 0.93 15197 1457 — 102 ~ 42 33,150
6 A 329 146 2,04 1,990  — 2 - 16 22,350
B 320 0.93 15197 1457 — 102 — 142 33,150
7 A 320 146 2,054 1990  — 2 - 16 22,250
B 3.29 0.9 15197 1458 — 102 — 42 33,050
8 Ajetc 320 146 2054  L990  — 2 - 16 22,350
B, etc 320  0.93 15197 1457 — 102 - 42 33,150

Batches subsequent to batch 8 have the same data as batch 8.

cost are from Roger®. According to Roger’s
data, the reprocessing cost in June, 1975 was
about 170 per kilogram of heavy metal. Ho-
wever, the future behavior of the reproces-
sing cost is quite uncertain mainly because
of the probable capacity shortage of the
reprocessing plants”. We tentatively presu-
med that the reprocessing cost would be 250
per kilogram of heavy metal at the opera-
ting date of Go-ri 2. Note that this is the
reprocessing price suggested by Numphries® .
The annual escalation rate of 3.568% is ob-
tained from Roger®. On the other hand, the
Roger’s procedure applied to our case resulted
in 65 per kilogram of heavy metal for the
fuel shipping, provided that the spent fuel is
transported to the reprocessing plant located
in the central region of U.S. A. It is not easy
to fix the plutonium price, since the pluto-
nium market is not formed. For the fuel cost
evaluation of the unit 2, NEC® price of 12
on 1976
U.S. dollars. The escalation rate is taken as

$/gm for fissile plutonium is used,

3.2% annually. Lead and lag times in Table
1 are typical of the PWR plant!®.

Table 2 shows the amount of uranjum ma-
terial required to load the reactor core of
Go-ri unit 2 and plutonium production for the
case that uranium is only fueled. The fuel
requirement in the case of plutonium recycle
is given in Table 3. The reactor core of Go-
ri unit 2 is divided into three annular zones.
The initial core consists of batches 1,2, and
3, in which batch 1 occupies the central zone,
batch 2 the
outer zone. At the end of the first fueling
cycle, fuel of batch 1, most heavily burned,

intermediate and batch 3 the

is removed from the reactor: fuel of batch
2 is moved to the position of batch 1; fuel
of batch 3 to the position of batch 2. Now
the fresh fuel of batch 4 loads partly the
outer zone of the core (or the zone initially
occupied by batch 3) and partly the
mediate zone of the core (or zone initially
occupied by batch 2). The part of batch 4
fresh fuel which goes to the outer. zone of

inter-
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Table 3. Fuel Mass Balances for Individual Batches, Fuel Cycle of Case (b)

EUl:anium Uranium P]li‘li?)srgﬁm Pll’ll;gilai}lm Fuel Weight g;;%f‘-ge

Batch Subba- | (v?/réc%l?gé% (Vlzgl%h)t Weight Weight (kg HM) arge
tch (kg Pu) (kg Pu) Burnup

| (MWD/
| Initial} Final | Initial | Final Initial | Final ‘ InitialJ Final | Initial| Final MTMi)

Batch 1 through 5-Same data as in Table 2

6 A 3.29 1.46 2,054 1,990 6 12 - 16 2,054 2,006 22,350
B 3.29 0.93 12,998 12,425 - 87 — 121 12,998 12,546 33,150

P 0.711 0.37 2,111 2,058 68 42 88 67 2,199 2,125 33,150
7 A 3.29 1.46 2,054 1,990 12 — 16 2,054 2,006 22,250
B 3.29 0.94 12,363 11,819 — 83 — 116 12,363 11,935 33,050

P 0.711 0.38 2,705 2,638 94 61 129 98 2,834 2,736 33,050

8 A 3.29 1.46 2,054 1,990 — 12 — 16 2,054 2,006 22,350
B 3.29 0.93 12,003 11,474 — 81 — 112 12,003 11,586 33,150

P 0.711 0.39 3,046 2,971 107 69 148 113 3,194 3,084 33,150

9 A 3.29 1.46 2,054 1,990 — 12 — 16 2,064 2,006 22,350
B 3.29 0.93 11,897 11,372 — 80 — 111 11,897 11,483 33, 150

P 0.711 0.39 3,148 3,070 110 71 152 116 3,300 3,186 33,150
10 A 3.29 1.46 2,054 1,990 — 12 — 16 2,054 2,006 22,350
B 3.29 0.93 11,905 11,380 — 80 — 111 11,905 11,491 33,150

P 0.711 0.39 3,139 3,061 110 71 153 116 3,292 3,177 33,150

11 A 3.29 1.46 2,054 1,990 — 12 — 16 2,054 2,006 22,350
B 3.29 0.93 11,393 10,891 — 76 — 106 11,393 11,087 33,150

P 0.711 0.40 3,611 3,523 133 90 193 148 3,804 3,671 33,150
12 A 3.29 1.46 2,054 1,990 — 12 - 16 2,054 2,006 22,350
B 3.29 0.93 11,065 10,577 — 74 — 103 11,065 10,680 33,150
P 0.711 0.41 3,910 3,815 150 102 222 171 4,132 3,986 33,150

the ccre is referred tc as the subbatch 4 B.
At the end of each subsequent fueling cycle,
the similar sequence of fuel movements is
respeated. Subbatches A and B are similarly
defined. The only difference between subb-
atch A and B is that subbatch A remains in
the reactor core for two irradiation period,
while subbatch B remains for three conse-
cutive irradiation period. Table 3 shows that
the recycle of plutonium starts at the begi-
which
corresponds to the fuel of batch 6. It is no-
ted that the subbatch A consists of uranium

nning of the third refueling cycle,

fuel only, whereas the subbatch B now con-
tains the mixed oxide of uranium and pluto-
nium. The batch P in Table 3 denotes the
fuel or mixed oxide and must be recognized
as a part of the subbatch B. Table 4 shows
the average burnup attainable by the indivi-
dual batches. It is noted that the butnup
Ievel of subbatch B fuel elements is also

applicable to the batch P fuel elements in
Table 3.

Based on these data, we estimated the fuel
cycle cost of Go-ri unit 2 for three alterna-

tive fuel cycles. The numerical results for
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Table 4. Estimated Batch Burnup Increment (MWD/MTU)

. , Cycle Average
Region Batch Discharge
‘ 1 2 3 4 5 6, etc. Burnup

1 1 12, 100 12, 100

2 2 12,900 10, 150 23, 050

3 3 8, 600 11, 150 10, 800 30, 550

4 4A 9,550 12,150 21,700
4B 9, 550 12,150 10, 900 32, 600

5 5A 10, 350 12,100 22,450
5B 10, 350 12,100 10,700 33, 150

6 6A 10, 400 11,950 22, 350
6B 10, 400 11, 950 10, 800 33,150

7 7A 10, 200 12,050 22, 250
7B 10, 200 12, 050 33,050

8 8A, etc. 10, 300 22, 350
8B, etc. 10, 300 33, 150

Grcle Average 1,300 10,250 11,100 11,150 10,950 11,050

35

‘28
26
24

22

Levaized unit nuclear fuel cost (mills / kwhe)

Overall Levalized unit nuclear fuel cost
vera v e e ——

Once  through 11.676
Reprocessing {813
-Pu  recycle 10.785

Once ~through system

~— Reprocessing system
~ —=- Pu recycle system

Fig. 1.

batch no.

The Levelized Unit Fuel Cost per Batch.

the overall unit fuel cycle cost are summa-
rized in Table 5 for the case (a), in Table
6 in case (b), and in Table 7 for the case
(c) of the fuel cycle. Upon comparing these
tables, it is readily noticeable that the low-
est fuel cycle cost is achieved by recycling
plutonium. In addition, the overall fuel cycle
cost is lower in the fuel cycle of no-reproce-

- ssing than in that of reprocessing without

plutonium recycle. At first sight this result
may give the impression that the reproce-
ssing, if plutonium is not recycled, will not
be economically advantageous. However, it
must be noted that the result is based on
the overall reprocessing cost of 250$/kg of
heavy metal, and that we did not consider
the expenses required for the permanent
disposal of the spent fuel in the fuel cycle
of no-reprocessing. Therefore, it is prema-
ture to say anything about the relative disa-
dvantages of the reprocessing from this result
only. An investigation is currently underway

how the reprocessing service charge as well
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Table 5. Breakdown of the Overall Discounted Costs for Fuel Cycle Operation of Go-ri

Unit 2; Case (a) Fuel Cycle

Item Direct cost (X10%%)

Discounted cost Fraction (%)

(X10°$)

1. Us0s purchase 667. 4928 276. 0459 51.5
2. UF; conversion 16. 6889 7.6481 1.4
3. Enrichment 411.7763 157. 1554 29.3
4. Fabrication 61.7474 31. 4633 5.9
5. Fresh fuel shipping 4. 1954 1.7904 0.3
6. Spent fuel shipping 57.7582 19. 0943 3.6
7. Reprocessing 211. 3336 66. 3402 12.4
8. Reconversion 4.2297 1. 3892 0.3
9. U Credit —240. 9646 63.3172 —11.8
9—1 U0 (—198.7938) (—52.7673) (—9.9)
9—2 Conversion (—4.2567) (—1.2711) (—0.2)
9—3 Enrichment (—37.9141) (—9. 2788) (—1.7)

10. Pu credit —75.2976 —23. 0051 —4.3
11. Other expenses 61.0617 11.4
Total 535. 6662 100.0

The levelized unit nuclear fuel cost: 11.813206 mills/kwhe

as the permanent disposal expenses affect
the fuel cycle cost. What we found so far
is that, even when 50%/kg heavy metal
is assumed for the permanent disposal of
spent fuel, no-reprocessing is preferred to
reprocessing in case that the reprocessing
charge is 250%/kg.

Fig 1 shows the levelized unit fuel cycle
costs as a function of batch number for fuel
cycles of Go-ri unit 2. Two common features
are noted in the cost trend; relatively higher
fuel cycle costs of batches 1, 25, and 26 than
and the
steady increase in the fuel cycle costs of
batches from 2 to 24. The former is due to

while the

those of batches in their vicinity,

their shorter irradiation period,
latter results from the price escalations in
the fuel cycle elements. Plutonium recycling
lowers considerably unit fuel cycle costs for
most of batches. On the other hand, the
fuel cycle costs of batches 1 to 5 in the case
of plutonium recycle are higher than those

in the other two fuel cycles. This is repon-
sible for the fact that the credits for the
plutonium recovered from these batches are
not claimed at the moment they are recov-
ered, since they will be eventually taken into
account in the recycling batches starting from
batch 6.

It is worthy to note that, even though the
fuel cycle of no-reprocessing results in the
lower overall unit fuel cycle cost than that
of reprocessing without Pu recycle, the fuel
cycle costs for batches 19 to the rest are
higher in the former than in the latter. This
simply implies that the reprocessing for these
batches has economic advantages over no-
reprocessing. Considering that factors such
as the reprocessing charge and Pu price are
involved in obtaining this result and that
numerical values used for these factors are
rather uncertain, the result may not be
accepted as conclusive. However, it is clear
that if our assumptions for the above factors
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Discounted Costs for Fuel Cycle Operation

Discounted cost

Item 3 |Direct cost (X 10°%8) (X10%) Fraction (%)

1. Us0, purchase 544. 6300 233. 1635 47.7
2. Conversion 13.7622 6. 5551 1.3
3. Enrichment 323. 4684 128.6165 26.3
4. Fabrication 83.8518 38.9062 0.8
4-1 UQ; fabrication (50. 6951) (27. 4607) (5.6)
4-2 Mixed oxide fabrication (33. 1567) (11. 4455) 2.4)

5. Fresh fuel shipping 5. 8694 2.3530 0.5
6. Speet fuel shipping 57.7450 19. 0884 3-9
7. Reprocessing 211. 2862 66. 3202 13.6
8. Reconversion 4.2019 1.3823 0.3
9. U credit —200. 1268 —54.5785 —11.8
9-1 U,0, purchase (—166. 9330) (—45. 8852) (—9.4)
9-2 conversion (—3. 6086) (—1. 1201) (—0.2)
9-3 enrichment (—29. 5852) (—7.5732) (—1.6)
10. Other expenses 47. 1484 9.6
Total 488. 9551 100.0

Requirement (X108 §)

Raverue

The levelized unit nuclear fuel cost: 10.783072 mills/kwhe

Overail revarmie  requirement
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Fig. 2. The Revenue Requirement per Batch.

will be the case, the proper combination of
two fuel cycle management schemes, (a) and
(b), can generate the unclear electricity more
cheaply than otherwise.

Fig. 2 shows the revenue requirements for
the individual batches loaded in the Go-ri
unit 2 throughout its 30 year plant life. The
forementioned features in cost trends are also
observed in this figure. Fig. 3 represents the
levelized unit fuel cycle cost per irradiation
period. The cost behaviour is very similar to
the case of the unit cost per batch.

3-2. Levelized Unit Power Cost of Go-ri
Units 1 and 2

Table 8 lists the major economic parame-
ters needed for computing the power cost of
the Go-ri plant. In general, plant capital or
the construction cost of a given power plant
can be evaluated using the computer codes,
CONCEPTY™Y or ORCOST!#.
need not rely upon the codes, since units ]

However, we
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Table 7. Breakdown of the Overall Direct and Discounted Costs for Fuel Cycle Operation

of Go-ri Unit 2; Case (c) Fuel Cycle

Item Direct cost (X10%8)

Discounted cost

(X 10°8) Fraction (%)

1. U;04 purchase 667. 4928 276. 0459 52.1
2. Conversion 16. 6889 7. 6481 1.4
3. Enrichment 411. 6626 157. 0982 29.7
4. Fabrication 61. 7474 31. 4633 5.9
5. Shipping (fresh fuel) 4.1954 1. 7904 0.3
6. Other expenses 55. 3991 10.5

Total 529. 4450 99.9

The levelized unit nuclear fuel cost: 11.677008 mills/kwhe

Table 8. Economic Parameters

Item

Go-ri l Go-ri
unit 1 | unit 2
Plant capital, V,(X10%$) 295 648
Project life (yr) 30 30
Capital structure
Weighted average fraction, (%)
bond, f, 89.85  87.47
stock, f, 10. 15 12. 53
weighted average interest rate
(%/y1)
bond, 7, 8. 447 10. 11
stock, 7, 14. 84 13.99
Tax rates (%/yr)
Effective corporate tax rate 36. 05 39.25
Revenue income tax rate 0. 607 0.662
Property tax rate 0.0808 0.0881
Property insurance rate (%/yr) 0. 405 0. 405

and 2 of the Go-ri plant are already contra-
cted and, thereby, the contract values for
two units are available. The unit 1 was
originally contracted with the construction
cost of $1.99X10% $2.95x10° in Table 8 is
the current value for the unit 1. The incr-
ease is primarily due to the delay in the plant
construction and the price escalation of equip-
ments and materials. On the other hand, the
figure for the plant capital of the unit 2
corresponds to the contract value. The plant

life of both units is taken as 30 years.

The capital funds required for plant cons-
truction, operation and maintenance expen-
ses, and fuel loading are obtained in the
forms of stocks, bonds, and loans. The
returns on these capital sources are different
from one form of investment to another.
Table 8 also shows the financial structure
and rates of returns on investments for the
Go-ri plant. In POWERCO-50, the bonds and
loans are treated as a single bond item, be-
cause the interest paid to them are both tax
deductible. We noted that the bond to equity
ratio in the plant capital is different from
that in the operation and maintenance cost,
whereas a single numerical value for the bond
fraction or the stock fraction in the total
investment is needed in POWERCO-50 To

Table 9. Operation and Maintenance Expenses
for the First Year Operation of Go-

ri Plant (X10* $)
Itom | unte 1 | unte 2
1. Staff payroll 462.7 567.8
2. Consumable supplies and 637.0 826.9
equipment
3. Outside support services 224.8 291.8
4. Miscellaneous 131.1 170.3
5. General and administrative 218.3 278.5
(15% total of four items above)
6. Liability insurance 30 30

Total 1,703.9 2,165.3
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Fig. 3. The Levelized Unit Fuel Cost and
Revenue Requirement per Period.

determine this parameter with a due regard to
the actual capital structure we first computed
the total present worth of the plant capital
and operation and maintenance cost. Using
the ratio of the present worth values of the
two, we adjusted the weighted average value
for bond or stock fraction of the total inve-
stment. Taking the similar steps for the
return rates on investments, the average bond
interest rate and average rate of return on
stock investments are adjusted. The results
are given in Table 8.

Taxes to be included in the annual capital
expenditures are five kinds; residence tax,
defense tax, corporate income tax, revenue
income tax, and property tax. For simplicity,
We absorbed the residence and defense taxes
into the corporate income tax with the res-
ulting corporate income tax rate of 29.77%.
Since this income tax rate is expected to rise
with time, the escalation in the tax rate over

Table 10. Non-fuel Working Capital

Reveue Requirement ( X 165§ )

Requirements (X10°%)
Go-ri | Go-ri
Item unit 1 | unit 2
Average net cash required 45.2 57.7
2.7% of annual direct O & M cost
excluding liability insurence
50% of insurance annual cost 15.8 1,463.8
Materials and supplies in inventory
25% of annual cost of materials 159.2 206.7
and supplies
Total 820.2 1,728.2

the life of the plant must be accounted for.
The effective corporative income tax rate in
Table 8 denotes the tax rate adjusted so that
the corporate income tax rate 30 years later
in Korea will reach 50%, the current tax
rate in U.S. The revenue income and prop-
erty tax rates are then obtained from mul-
tiplying the current ratios of the two to the
corporate income tax rate.

Property insurance expenditures for the
nuclear power plant depends on the risk in-
volvement. In conjunction with this, the Go-
ri plant is divided into three zones; hot,
warm, and cold zones. Hot zone represents
50% of the plant capital with- the insurance
rate of 0.5 to 0.7%. Warm zone occupies 15
% of the plant with the insurance rate of
0.3% to 0.4%. The rest of 35% belongs to
the cold zone with the insurance rate of 0.1
to 0.2%. The property insurance rate given
in Table 8 is the weighted average value over
the three zones.

Table 9 shows the operation and mainten-
ance expenses required for the first year
operation of Go-ri plant. Expenses for
the staff payroll depend on the manpower
requirements for the plant as well as the
wages or salary level paid to the plant wor-
kers in the Korea Electric Company (KECO).

According to the recent report of Kaiser
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Engineers!”, the nuclear power plant like the
Go-ri units 1 and 2 may require 25 operators,
40 engineers, and 35 maintenance workers for
the plant operation. Considering that KECO
does not have the previous experience of
operating the nuclear plants, the manpower
requirements for the Go-ri unit 1 and 2 may
exceed this number. We presumed that about
40% more than Kaiser estimation will be
employed for the unit 1, while roughly 10%
more is needed for the operation of the unit
2. On the other hand, the wages or salaries
are estimated on the basis of IAEA datal®
with a proper account for the wage escalation
For the staff
payroll, the current payments to operators,
engineers, and maintenance workers are esti-
mated at 123,000 won, 145,000 won, and
108,000 won, respectively. Figures for staff
payroll in Table 9 are then obtained under

observed in recent years!®.

the assumption that salaries will rise by 10%
annually from now on.

We found
expenses for such items as consumable supplies

it very difficult to determine

and equipment, outside support services, and
miscellanecus item related to public relations,
new staff training, rents, and travel, etc.
The figures in Table 9 are the rough estima-
tion based on the IAEA data!® and the data

for the light water reactor plantsin U.S.1%,

Table 11. The Levelized Unit Cost of Nuclear

Electricity (mills/kwhe)
Item Go-ri unit 1{Go-ri unit 2

Plant Investment 9. 3388 21. 6694

Working Capital 0. 0350 0.0718
Operating and Maintenance

cost 1. 2464 1. 4225

Subtotal 10. 6202 23. 1637

Fuel Cycle Cost 7.3313 11. 81322

Total 17. 9520 34.9769

(a) This correspods to case (a) fuel cycle

Table 12. Breakdowns of Fixed Charge Rates

Item Go-ri unit 1|Go-ri unit 2

Fixed Charge Rate
Depreciable Capital

Average Interest Rate 0. 09096 0- 10596
Sink and Depreciation 0. 00721 0. 00543
Income Tax 0. 00110 0.00115
Revenue Tax 0. 00063 0- 00078
Property Tax 0. 00058 0. 00065
Property Insurance 0. 00405 0. 00405
(Total) (0-10453) (0. 11802)
Fixed Charge Rate
Nondepreciable Capital
Average Interest Rate 0. 09096 0. 10596
Sink and Depreciation 0 0
Income Tax 0. 00857 0.01115
Revenue Tax 0. 00063 0. 00081
Property Tax 0 0
Property Insurance 0. 00405 0. 00405
(Total) (0.10421)  (0.12197)
Levelized Annual Income 35. 0643 81. 7505
Required (X 10°8)
Levelized Power Production 5.8436 5. 8335

(X10° kwhe/yr)

For the general and administrative expense,
15% of the total of the above-mentioned items
is taken, since this is usally observed in the
U.S. LWR plants'®. the liability
insurance is taken as $30,000 per year.
Table 10 shows the non-fuel working capital

Finally,

requirements for the Go-ri plant. As indicated
in Table 10, the figures are all based on the
procedure suggested in the NUS Guide'® .
The numerical values thus listed for various
parameters are then used to determine the
levelized unit cost of nuclear electricity of the
Go-ri units 1 and 2. Table 11 is the summary
of the results in which the fuel cycle cost of
the unit 1 is taken from the result of paper
1. As can be read in the table, the plant ca-
pital and fuel cycle cost contribute mostly to
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the power cost of two units. The fuel cycle
cost is known to be only 20 or 30% of the
plant capital in the early 1970’s'”, when the
uranium ore and enrichment service charge
was 88/1b U;O; and 26$/kg SWU,
vely, and the construction cost was in the
range of 200 to 3003/KWe. In contrast with
this, the fuel cycle cost of unit 1 is almost
comparable to the plant capital contribution.
This is primarily due to the fact that the
price escalation in the uranium ore and enri-

respecti-

chment since the petroleum crisis affects the
fuel cost strongly. On the other hand, in the
case of Go-ri unit 2, the plant capital cont-
ribution is nearly twice the fuel cycle cost.
A high turn-key contract value of 1000$/KWe
for unit 2 is supposedly responsible for this
proportion. ‘

Recently, Humphries®> reported that the
unit power cost in U.S. would range from
21.5 mills/kwhe to 32.3 mills/kwhe in 1985.
He obtained this result on the basis of the
fuel cycle element costs similar to ours and
the construction cost of roughly 6008/KWe.
Taking into account the difference of the
construction cost we have used for the Go-ri
plant and the escalation effects till that
time, our estimation for the power cost is
found to well within the Humphries’ estima-
tion. On the other hand, the power cost of
oil-fired plant in U.S.!® is currently 60
mills/kwhe.
typical oil-fired plants in Korea is reportedly
known to range from 64.2 to 71.0mills/
kwhe!®.

nuclear power cost of the Go-ri plant appears

Also, the power cost of the

In comparison with these, the

to be considerably cheap, which in turn
justifies the economic competition of the
nuclear power in Korea.

In Table 12 we present the power cost of
the Go-ri plant in terms of fixed charge

Table 13. Results of Sensitivity Calculation.
’ (4 mills/kwhe)

. . Go-ri | Go-ri
Variables ‘ unit et | unit 2
. Plant investment 10°% 0.0305 0.0332

%/yr 0.5833 1.3930
%/yr 0.0211 0.0370

10%/yr 0.3670 0.3216

1

2. Bond interest rate
3. Corporate taxrate
4

. Operating and
maintenance cost

5. Capacity factor

0.05/yr 3.2046 7.6343

rate. Annual fixed charge rate is decomposed
into components in the table.

It is fair to say that the input data used
in the power cost evaluation involve some
uncertainties, even though they are the best

Therefore, we must

that we can presume.
take into account the effects of the uncer-
tain nature of the data on the estimation of
the power cost. This is done by performing
the sensitivity calculation to the small vari-
ations of the input data. The input data we
considered important in this regard are the
plant capital, operation and maintenance cost
including the working capital, bond interest
rate, the corporate income tax rate, and the
plant capacity factor. Table 13 gives the
major results we obtained. As seen clearly,
the capacity factor affects the power cost
most strongly. This means that the forced
shutdown due to the accidental circumstances
hurts mostly the economics of the Go-ri
plant. Therefore, the efforts must be made
to avoid the accidental shutdown and thereby
to make full use of the Go-ri plant.

4. Conclusion

We have computed the levelized unit power

cost of the Go-ri plant.
tional purpose, the power cost is first divided

For the computa-

into four cost componetns related to plant
construction, operation and maintenance,

non-fuel working capital requirements, and
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fuel cycle. Then POWERCO-50 is applied to
estimate the first three components,
MITCOST-II
cycle cost. We found that the levelized unit
power cost of the Go-ri unit 1 is 17.9520
mills/kwhe, and that for the unit 2 the three
alternative fuel cycles, (a), (b), and (c),
resulted in the unit power cost of 34.9769,
33.7468, and 34.8407 mills/kwhe, respectively.
Also, we found that plant capital and fuel
cycle contribute mostly to the power costs

while

is used to evaluate the fuel

of two units.

When compared with the power cost of the
oil-fired plants in Korea, the nuclear power
from the Go-ri plant appears to be substan-
tially cheaper. However, it must also be
stated that the plant capital contribution in
unit 2 is higher than the projections for the
nuclear plants in U.S. in WASH-1345?". As
mentioned already, the high turnkey contract
value for the construction of unit 2 is resp-
onsible for this. Therefore, to make the
nuclear power more attractive in Korea, the
unfavorable contract of this kind should be
avoided in the future introduction of nuclear
power plants. Currently, the plutonium utili-
zation in light water reactors is confronted
with the licensing problem in U.S.??, So far
as our stuty is concerned, the fuel cycle of
the plutonium recycle seems to be the most
favorable one for the Go-ri unit 2. For it
renders the cheapest nuclear fuel cycle cost
among fuel cycles considered in this paper.
Therefore, if the Pu recycle is permitted in
the light water reactors it is worth while to
consider the feasibility of the Pu recycle also
in the Go-ri unit 1. On the other hand, when
the reprocessing service charge is assumed
to be 2508/kg of heavy metal,
ssing without Pu recycle is observed to be

less economical than the case of no-reproce-

the reproce-

ssing. However, on the basis of per-batch
fuel cycle cost, the fuel cycle of reprocessing
appears to be more economical than that of
no-reprocessing for fuel batches loaded later
in the reactor core of the unit 2. As a ma-
tter of fact, in order for this to be the case,
our assumptions and model data used in this
paper must be the right ones. Even so, it is
at least inferred that, depending on the eco-
nomic circumstances, the timely reprocessing
will certainly contribute to the cheap genera-
tion of the nuclear electricity from the Go-ri
Therefore, further study is for the
evaluation of advantages or disadvantages of

plant.

the reprocessing to establish the economic
fuel cycle methodology of the Go-ri plant.
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