| | 1) h ﬁtﬁfﬁ .
CONFIDENTIAL :L{QQQDifwvt! deQ -

This report was

_consuttant under a UNDP supported program of

assistance to the Korean Government.

REVIEW OF CERTAIN ASPECTS
oF
KOREA POWER DEVELOPMENT PROGRAM

April 1982

Prepared by
George M. Roy

Roy & Associates, Inc. | e
Campbell, CA 95008 ' Oy -

,Pbepared for

The World Bank
Washington, D.C. 20433, Usa

P



ACKNOWLEDGEMENT

This report was made‘possibie by the cooperative attitude of
personnel of the Korean Government and - Korea Electric Power

Company (KEPCO). KEPCO personnel provided information to answer

.the many questions relating to plant cost, schedule, and economic

evaluations, This needed help is much appreciated., A list of
meetings and personnel is presented in the Appendix.



SECTION

RN
N~ O O

L] - L] » L]

b e dn W (LR
e 174 O (7 [N (=] MO W OO

- L ] * - » L] L ] - L] - -

N n G AONGY n . .

ACKNOWLEDGEMENTS
' TABLE OF CONTENTS
' EXECUTIVE SUMMARY
INTRODUCTION

COST EVALUATION FACTORS

Major Cost Elements

Major Factors that Influence Cost

Principles and Approach for Cost Control

Highlight Features of Contracts,
Provisions & Project Status

COST EXPERIENCE AND COST CONTROLS

Cost Experience

Comparison of Nuclear & Coal Plant Cost
and Schedule

Measurement of Construction Process

Basis for Korean Cost Estimate

COMMENTS ON KOREAN COST SITUATION
Major Cost Elements
Comments on Schedule

DISCUSSION OF FINDINGS - CONSTRUCTION
COST AND SCHEDULE

Discussion

Representative Items of Cost Within
Control of KEPCO

Summary of Finding - Cost and Schedule

COMMENTS ON POWER DEVELOPMENT PROGRAM

Economic & Cost Models

Generation Cost Comparison of Nuclear
and Fossil

Construction Schedule of Nuclear vs.
Coal

Comments on Load Demand Forecast and
Future Facilities _

Plant Capacity Factor

APPENDIX 1

PAGE

O OO0 ~d =} (1) S

11
12

12
12

14

15

16

16
17

18
19

- 21

21
23

25

26



EXECUTIVE SUMMARY

BACKGROUND OF STUDY

An overview assessment of issues of costs and schedule associated
with the implementation of the Nuclear Power Program in Korea was
performed at the request of the World Bank. The scope of the
evaluation considers the major factors that impact on electrical
generation cost and the main assignment was tq_assess Qﬁiﬁﬁ—
capital cost. ‘Information was provided by personnel from the
Korean Government and the Korea Electric Power Company (KEPCO).

The major findings are presented in Section 5 and Section 6:
Section 5 assesses the construction cost and schedule, and
Section 6 provides comments and observations on the Power
Development Program and on the methods used in planning.

The basic approach used to evaluate cost was to assess the major
elements that contribute to plant cost and to analyze the factors
that impact on the major cost elements. Information from KEPCO
- personnel and the uéi’ESEZEFEZZISE“EEEEkience was assembled with
focus on the major cost slements and the factors that drive these
costs elements.

L

MAJOR FINDINGS

A summary of the main findings of the study is presented in the
groupings: (A) General Findings Relating to Plant Construction
“h”_‘—_____‘“--..

et

Cost, (B) Comments on Economic Planning Models and (C} Comments

———.




on Power Development Program.

FELY
3

(B)

2)

3)

The forecast of construction schedule and cdst have
gound basis and good controls.

Some schedule completion dates are tight and schedule
slippage on some plants is likely to occur - for
example, a 12/82 startup for Unit #2 will be difficult
to meet. There is high probability, however, that

-schedule performance will be good and slippages are

expected to be small. A similar conclusion is made
with regard to plant cost forecast.

Schedule is the most important cost impact item within
e e
the control of KEPCO, and schedule is receiving
priority attention at all levels of management.

KEPCO is effectively using construction management

support from Bechtel, and is using Bechtel methods and

techniques to monitor and control schedule and cost.

Comments on Economic Planning Models

1)

The economic models being used by KEPCO for economic

evaluations associated with planning provide
comprehensive and disciplined evaluations of the cost
items for the different generation facilities., KEPCO
uses a computerized planning program which was
dixgipped by TVA and ORNL and which uses an extensive
list of relevant inputs. KEPCO also uses the ORCOST-II
model for construction cost estimates., More use of the
actual experiénce from the construction of Korean

plants should be used as inputs to planning, rather
than averages from the construction experience of the
developed countries. This requires means for planning

to access construction cost information on a routine



and timely basis.

2) Current KEPCO contracts provide no real basis or

Y incentive tO measOre Tabor productivity LM terms oL

T vy 3 R . e ————

K ' ~~  manhours per construction unit. Over the long term,

kﬁgﬁledge of unit productivity may prove useful. Near
identical plants and construction management controls
can use the learning phenomena to improve unit
productivity on repeat units for both directs and
indirects. The similarity of the Korean plant designs
and infrastructure of suppiy and construction may offer
some opportunity in this area.

(C) Comments on Power Development Program

1)

2)

3)

TEE/;orecast of electric load demand may be optimistic
and is an item of concern.wwhlso, the gysten 1353
factor is reduced from 72.5% in 1982 to 66% in 1991 in
the forecast. Excess capacity could result from either
a lower demand (i.e., lower than forecast) or a better
load factor. These forecasts should be carefully

examined.

Efforts to shorten construction schedules for nuclear
plants should be considered. A shorter schedule has
benefits to cost and also permits program
implementation on the basis of a shorter forecast. The
assumed feasibility of a shorter schedule is based on:
demonstrated performance before 1970 and in the early
"70's, comparison with coal plant construction
schedule, and the demonstrated construction capability

of Korea. =

The March 1982 Power bevelopment Plan presents a
comparison of generation cost of Ko-Ri #1 against
generation cost of the other existing facilities, The
results, while interesting, have no meaning for
planning of facilities. A comparison of generation
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cost from nuclear and coal plants for future years
should be presented, as this is meaningful to

G ias nlanning, While the generation 83??‘???3?§

4)

5)

nuclear, the margin appears to be in the range of 5% to
.._-—.-—--"'—_'-"

30%., '

/

Plant capacity factor (CF) is also an important cost
input. The plan uses 65% CF, which is reasonable
(average CF for PWRs in 1981 was 62.2%). It is also
feasible to consider higher CF as sone utilities
consistently do significantly better than the average.
For example, the average CF for three Swiss plants in
1981 ws 88.5%. '

The basic planning position of nuclear and coal for
most new facilities is sound. Also, nuclear is likely
favored on the basis of economics and logistics
associated with the supply of fuel. The cost of
generation from nuclear is somewhat lower than that
from coal when the current planning inputs are used.
It is noted that power generation cost from nuclear is
more sensitive to the capitalization charge as nuclear

‘capital costs are higher. Schedule interest rates,

capltallzatxon structure (i.e., funding), and plant

capacity factor are all meortant to generation cost
and these factors may change.

The economic evaluations should give consideration to
all cost elements for nuclear and coal. Examples of
items to consider are: decommissioning cost of the

plant, fuel cost for storage or dlsposal, ash dlsposal,

spec1a1 facilities for coal transpoirt.




‘1.0 INTRODUCTION

The purpose of this report is to present information and
judgements based on an overview assessment of issues affecting
costs and schedule associated with the implementation of the
Nuclear Power Program in Korea. This assessment was requested by

the World Bank.

The scope of the evaluation considers the major factors that
impact on electrical generation costs. The main focus is to
provide an overview assessment of the forecasted capital cost and
schedules of the nuclear plants to be constructed as part of the
Korea Power Development Program. The comparison of production
cost of nuclear and thermal is also addressed. Information was
provided by personnel from the Korean Government and KEPCO. A
list of meetings and persons visited is given in Appendix I.

The basic approach used to evaluate cost was to assess the major
elements that contribute to plant cost, and to analyze the
factors that impact on these major cost elements. The analysis
considers the construction experience of the USA, and information
provided by KEPCO on their construction cost experience. Also
considered are the methods used to manage the Korean nuclear
power program and schedule.

While the basic assignment f£rom the World Bank was to address

construction cost and cost control methods, comments are-provided
on the cost numbers and methods used in the Planning Division.

Judgements are also offered on the Power Development Plan.

The report is organized as follows. The Executive Summary
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provides an overview of purpose, approach and findings. The text

upporting background and discussion.




2.0 EVALUATION FACTORS

This section covers: the major'cost elements that comprise plant
cost; the factors that impact on these major cost elements; and
the principles and approachs for controiling costs. A later
getion assesses the Korean Nuclear Projects in context of the
format presented in this section.

2.1 Major Cost Elements

Total plant cost can be dissected fdr.analysis in a number
of different ways. The approach used in this evaluation was
influenced by the contractural arrangeménts. The major cost
elements are: ‘

, : o Equipment cost of the total plant (direct cost)
' ¢ Construction cost of construction material and
labor (direct cost) '
0 Engineering, project management, and construction
management costs (indirect cost)
0 Interest

"Escalation is not listed as a major element per se; it is an
inherent and important part of the basis cost elements,
however, and is a basic factor which drives the actual cost
incurred. The basic factors that determine actual cost are
briefly addressed as background to later sections that deal
with assessment cost and cost methods.



2.2

Major Factors that Influeoce cost

TN R

- 2.3

e imaiool Eootor in acooceing the cost of the projects is

the nature of the contracts. For example, in prxnoiple a
firm price "turnkey" contract that covers all items of cost,
and provides comprehensive warranties, with no provisions
for escalation, uniquely determines the cost of the project.
(Note: As used in this discussion, the term "cost" relates
to the cost to KEPCO - independent of the actual cost to tl the
S922&&E£3ﬂ225,222359959£§) While some of the contracts are
"Eurnkey“ type, escalation provisions will influence the
final cost. In recent years, escalation and interest have
become large contributors to total plant cost. This was
caused by very long construction schedules in an economy of
rapid inflation and high interest rates. Schedule is the
main item within the purview of KEPCO's control - the
contract provisions are largely set. Another area that
impacts on cost 15 design and project changes; change
control management is also within the purvio;W;E KEPCO
controls. This evaluation focused on the major items
discussed above. | :

'Principles and Approach for Cost Conirol

Schedule is the primary item of cost control for the Korean
contracts. Schedule delays increase the cost contribution
from both escalation and interest. It is noted that while
schedule is important to plant cost, the first priority
should be safety and quality assurance. Assurance of
guality and safety need not be compromised to maintain
schedule. Maintaining schedule with gquality requires a
sound program for guality assurance and project management.
The Korean program should strive to utilize the experience
of the USA, Canada, and France to_iggiggggﬁ_ggg&ity
assurance and to control schedule cost.

A

The other items that need to be controlled are: indirect

costs and design and project changes.



‘2.4 Highlight Features of Contracts, Provisions and Project
Status

Tablé I sShows a summary Of the Nuclear Power ?rogram

The contract for Units #1 and #2 for the Ro~Ri plant are of
the “turnkey" type with Westinghouse (W). These units are
at the Ko-Ri site and have the same supply infrastructure:
W is the reactor supplier; the G.E. Co. (UK) is the
turbine/generator supplier; Gilbert Associates is the
Architect Engineer (AE); and W-is responsible for
construction. Ko-Ri #1 has been in operation since April
1978. Ko-Ri #2 construction is about 84% complete and
\//. scheduled for operation in December 1983,

Units 5, 6, 7, and 8 have the same supply infrastructure,
except that the turbine-generator equipment is furnished by
G.E. Co. (UK) for units 5 and 6 and by W for units 7 and 8.
W is the reactor supplier for all units and Bechtel is.the
‘AE. KEPCO is responsible for overall construction. Bechtel
provides support for construction management. |

On Units 2 (and 3) Korea Nuclear Engineering Services {KNE)
~ a KEPCO owned company - is responszble for the design of
the site facilities and participates in the construction
management. KNE participation is greater for later units

 and includes participation in plant design. Construction of
Units 5 and 6 for the Ko-Ri Plant is about 65% complg;g%and

these units are scheduled for operation 9/84 and 9/85.
Construction of Units 7 and 8 for the Young Kwang~-Kun pléﬁt
(another site) is about 17% complete and these units are
scheduled for operation 3/86 and 3/87,

Ko=Ri Unit 3, for the Wolsung-Kun plant, is the only unit
~that is not a PWR; it is a Pressurized Heavy Water Reactor
of the Canadian design. The supply infrastructure for this
Turnkey type contract is: AECL - reactor supplier, Parsons
(British) - turbine-generator supplier, AECL/Canatrom/AC is
the AE, and AECL§\1Canada) is responsible for overall

-y
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construction, Unit 3 is scheduled for operation 3/83 and
construction is about 97% complete. '

~Onits 3 and 10 are

from France. KEPCO has overall construction management and
the AE (consultant) is Ebasco.

-l



3.1

3.0 COST EXPERIENCE AND COST CONTROLS .
Cost Experience

Ko-Ri #1, which has been in operation since 4/78, and Ko-Ri
$#2, which can be expected to go into operation about 4/83,
serve to highlight the variability of costs with time and
contract terms. Both plants were furnished by W, and the
infrastructure of supply and responsibilities is the same.
Unit #2 is about ll%wbigger than Unit #1, is being built at
the(:jgé developed sxte} and by the same infrastructure of
part ipantsd;1th benefit of the experience gained from
construction of the first plant. These factors could be
expected to reduce the unit cost as measured in $/kw by
about 5% to 10%. However, the cost of Ko-Ri #1 was $321.8
million, and Ko-Ri $2, which is near complete, is expected
—_—— o
to cost about $1.03 billion. This results in a cost (in §
per gross RQTZTT—;E‘;;:% for Unit l and $1585 for Unit 2.
This will be discussed more in the next section.

Units 5 and 6 are foredasted to cost $1298/kwe. These units
i S
. are scheduled to start about 40 and 52 months after Unit 2.

The size rating of each of these units is about 46% greater
than the ratlng of Unit #2 and the units are being built at
a developed site. These factors should reduce the unit cost
($/kw) about 15%. Even so, considering escalation of the
time period of Units #5 and #6, the forecast of $1298/kwe

represents an improvement in cost over Unit 2.

The forecasted cost and schedule for the other plants is as

shown in Table 2.




3.2 Comparison of Nuclear and Coal Plant Cost and Schedule

resentative construction

3.3

3.4

By

comparzson, the construction schedule for a typlcaiﬁboal_
fired plant is about 45 _months. The 5 year plan shows
schedules for coal-flred plants (500MWe) of: 58, 46, 73,
and 55 months for plants coming on line in 1983 and 1984,
and 41, 44, 41 and 51 months for plants coming on line in
1988 thrdugh 1991. A 500 MW(e) coal~fired plant, equipped
with FGD for sulpher control, with a stattup date of 4/82 is .
estimated at $882/Kw, a 900 MWe nuclear plant with a {/82
gtartup is estimated at $1391/kw(e).

Measurement of Construction Progress

KEPCO has a sound program to measure construction progress
and to control schedule. The similarity of plants and
infrastructure of supply is fair to good. KEPCO uses the
Bechtel techniques and process of construction management
and KEPCO uses Bechtel support for understanding and
implementing construction management. The system is sound
and KEPCO is diligent in their application of the process,

- Work accomplishment is measured for many subtasks. Examples

are: the installation of a pipe spool piece, cable pulling,
and cubic meters of concrete. The schedule value of a task
accomplished also recognizes degree of difficulty. The
reported schedule completion is believed to be‘reiiable as
the basis is sound, detailed, and objective. A sample of an
overview of schedule completion by work tasks is shown in
Table 3 for the Ko~Ri #2 plant. This summary tabulation is
generated'from extensive detail of sub~tasks.

Basis for Korean Cost Estimate
The major cost elements are discussed in Section 2.1.

Schedule control is of primary importance as it impacts on
t;:*EQEE‘BT interest and escalation, and interest and

escalation is a large cost item., The indirect costs

] P



associated with design, project management, construction
management and utility cost is also a sizeable cost account.

This account can be expected to be larger today than in
1986, i i ini

from Bechtel and other learning costs. Changes in de51gn or
other project changes represent ancother area of potential
cost increase. Change control was only briefly addresesd.

One example, a potential contract change, is mentioned. The
Korean construction contractors will llkely find that the
ratio of non-manual labor to manual labor is greater for a -
nuclear plant than for a fossil plant; the 11% for
non-manual labor provided for in their contract is likely
low for nuclear construction, and request for contract
- adjustment might occur, '

In summary, the cost forecast are on a sound basis; this
does not guarantee that these cost forecast will not be
"exceeded. The construction management approach does give -
-protection against cost and schedules going out of control.

-13-




4,1

4.0 COMMENTS ON KOREAN COST SITUATION

Major Cost Elements

The major cost elements are as discussed in Section 2.1l.
These are discussed in context of KEPCO cost as compared to

cost to a U.S. utility.

The equipment for the nuclear boiler and the
turbine~generator plant is purchased outside of Xorea. The"

cost of t%ig element 1is expected to be g&igh;lgﬂmggghfgr

KEPCO the¢n the cost to a utility in the U.S. The same
comment applies to those construction maEe€flals purchased
outside of Korea., The cost adder for overseas sales is
e i . R .
associated with increased overhead costs of the supplier.

The qgii for construction labor is likely to be less for
KEPCO than for most U.S., utilities. The Korean labor rate
is less than that of the U.S. and the labor productivity is
likely equal EEMEEEEEE,tha“ many'regigaé of the U.S. Théﬂ

experience factor, of course, favors the U.S.

The indirect account of design, project management, and .
construction management is difficult to assess at this
stage. With experience, the KEPCO cost may be lower than

~for the U.S. utility. At this stage, Korea must provide for

learning, training, and significant Bechtel support. It is
prudent to provide adequate staff and support in this

account until Korea has established a proven record of

performance.

-14-



Interest cost are determined by interest rate and cash flow.

‘KBPCO has been able to obtain very favorable interest rates.

Schedule is the key to controllling cash flow and KEPCO is

Finally, the contracts for equipment, material and labor
provides for escalation. The escalation of the equipment
and materials purchased abroad is tied to the escalation
indices of the supplying country, and the escalation index
of construction material and labor from Korea is tied to
Korean indices. It is noted that consumer prices in South
Korea increased about 54% (Asian Wall Street Journal,
Wednesday - 7 April 1982) over the 20 months 1/81 through
8/82. Recent cost indices show a definite slowing of
inflation. Schedule le control is important to the control of
escalation cost ultimately incurred.

- Comments on Schedule

The benefits of a short construction schedule have been
emphasized. The forecasted schedules for the Korean plants
are believed to be realistic and appear to represent tight
targets., Further analysis of schedule performance is needed
to identify the true determinants of incurred schedule, It
may be that the hold-up is often the software (i.e., design
releases for construction). A brief discussion in support
of this speculation is presented in Section 6.3.




5.1

5.0 DISCUSSION OF FINDINGS -
CONSTRUCTION COST AND SCHEDULE

i

Discussion

In recent years the construction cost of nuclear plants have
generally exceeded the forecasted cost, and often by large
amounts, and this is cause for concern. The KEPCO forecast
of cost of their nuclear plants is based on contract prices,
forecasted escalation and sound management controls. Loans
provide for interest at gené}ally favorabig_ggggg. Two of

.._-‘-—‘—'-_-_ + L] L]
the units now in construction are on the basis of "turnkey”
"type contracts for equipment, while the other units are

based on contracts for equipment, material, and
construction. Escalation is included in the contracts and
interest_gq;gsmﬁ3v?*ﬁiﬁﬁ"3§£ab T T Interest a

escalation represent a large element of plant cost, and
schedule slippage would cause an increase in total interest
and escalation cost, KEPCO has made schedule a high
priority item and schedule receives attention at all levels

of management.

KEPCO has a sound program to measure construction progress
and control schedule. KEPCO uses the Bechtel techniques and
process of construction management, and KEPCO is using
Bechtel support for understanding and implementing
construction management. The system for measuring
construction progress is sound and KEPCO is diligent in
their application of the system. "The system provides for
measurements of many sub units such as placement of pipe

. 8pool pieces or electrical terminations.

] -



KEPCO does not have the responsibility for construction
management of Units 2 and 3 - these are on the basis of

5.2

()

£ -

¥turnkey" job.
Representative Items of Cost Within Control of KEPCO
As noted above, schedule is a key cost control item, because

schedule impacts on the cost of interest and contract
escalation provisions., Interest and escalation have become

‘a major item of cost - especially for the long construction
schedules of nuclear plants, Also as noted above, KEPCO is h

diligent in the management of schedule and uses the proven
2 ‘-__‘—-_-"_"—"-‘—_'—'-_‘—-w-.
methods of Bechtel as a tool to implement schedule
measurement and controls. |

Design changes and contract changes must also be managed.
Some items of change can be expected, and some of these will
add cost either directly or through schedule delays.
Changes must be expedited effectively to maintain schedule
and must be controlled to assure quality and safety. - An
approach which enhances the achievement of both of these
goals will take time to evolve. A cumbersome approval

PPl i
B et

safety and quality. A balanced system must be evolved.
SO dbalet

—

The "indirects" of design, project management, and
construction management is within the KEPCO purview of cost
control. The KEPCO approach is sound. It provides for
Bechtel support in a way which gives KEPCO first hand
experience with benefit of a proven system and proven
construction management (i.e., Bechtel). Adequate staffing
and support in this area is a prudent investment to control
cost and schedule. 1In the future it may be feasible to

- reduce the level of this cost account.

’r

-17- -
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5.3 Summary of Finding - Cost and Schedule

REFPCO “and CUBL INLOLMacion LOL the
nuclear plants (see Tables 1 and 2 for a summacy) in the
Korean Power Development Program,., Some schedule éompletion
dates are tight and some slippage is likely to occur on some
plants - for example, a 12/83 startup for Unit 2 will be
difficult to meet. There is high probability, however, that
schedule performance will be good, and if slippages‘occur,
they are expected to be small., A similar conclusion is made
with regard to plant cost forecast. Additional comments on
the overall Power Development Program and on the planning
methods used to develop cost followg.

-18~-



6.0 COMMENTS ON POWER DEVELOPMENT PROGRAM

While the basic assignment from the World Bank was to
address construction cost and cost control methods, comments are
provided on certain economic aspects of the Power Development
Program. |

6.1. Economic and Cost Models

The economic models used by KEPCO for planning provide
-comprehensive and disciplined evaluations of costs. KEPCO
uses a computerized planning program called WASP (Wien
Automatic System Planning Package) which was developed by
TVA and ORNL. Inputs to the model include; syStém loads,
‘existing generating facilities, future units, unit
maintenance requirements, reserve requirements, and
financial data (i.e., unit costs, fuel costs, cost of
capital and inflation rate). KEPCO also uses the ORCOST~II
computer code to estimate the cost by cost account, e.g.,
structures, nuclear boiler, etc.

More use of actual experience from the Korean plants
recently constructed and under construction needs to be used
as inputs to the excellent medeling analysis which the
Planners are doing. Construction cost-vary over a wide
range. KEPCO planners use the cost experience of the
-\\developed countries, but these published numbers are
averages. £Each nuclear plant has been a story in itself,
and Korea will have its own capabilities and experiences and
these numbers should be used for inputs into the model.
This will require means to access these numbers from the




construction organization on a routine basis,

6.2

not)., In particular, consideration should be giveh to the
cost of decommissioning the'plant, and to all elements
needed to complete the fuel cycle that is planned.
Inclusion of all elements pertains to coal and nuclear.

‘Generation Cost Comparison of Nuclear and Fossil

The March 1982 report by KEPCO entitled "Status of Nuclear

owe ogram in ea" presents a comparison of p ¢tion

cost of electricity from Ko-Ri #1 with current production
cost from thermal (oil and coal) plants. A highlight of the
comparison follows: : -

Ko~Ri All Existing

$1 Thermal

Capacity Factor (%) 56.3 ' 57.2

Fixed Chargqu+ oM . | '

© (mills/KwH) 28.67 13.85

Fuel Cost (mills/KWH) 2.77 .56.40
Total Gen Cost ,

{mills/KWH) 31.44 70.25

While the above numbers are of interest and represent actual
cost, the comparison is not meaningful for system generation
planning. gfEgzﬂgﬁﬂﬁ:;;I;IEEBEET_Tﬁ’$/KWe, is about 1/3
(see Table 2) of the forecasted capital cost of nuclear

Units 2 and 3. Also, the nuclear fuel cost are considerably
lower than today's cost. |

KEPCO planning has evaluated the economics of the generating
facilities using the methods mentioned previously. A

qggmaL1_gggg3£igpnf’TH“T982ﬂ4hfrrErsT_ofhgggggationwces%~£q£

nuclear and coal is as follows:

M

~20~




Coal Nuclear Nuclear

900MW{e) 900MH(e) 1200MW(e)

6.3

Fixed Cost (mills/KWH} 18.2 - 25.1 21.1
Fuel_Cost (mills/KWH) 25.7 7.5 7.5

Total (mills/KWH) 43.9 32.6 28.6

The coal capital cost is based on provisions for sulphur
pollution control. The ccal fuel cost are based on contract
price for bituminous coal from Australia, KEPCO used a
capacity factor of 65% for nuclear and 60% for coal, and a
yearly fixed charge rate of 14.13% for coal and 11.51% for
nuclear, Use of the same fixed charge rate and CF should
bring the power cost within 10% of each other for the
900MW(e) size. '

The basic conclusion is that generation cost from nuclear

" and future coal would be much closer than the comparison of

nuclear Unit 1 generation cost with existing generation
cost. The best choice for the bulk of future generation is
nuclear and coal. The economics favor the nuclear plant.
The nuclear power cost are more sensitive to capacity factor

.and fixed charged rate because of the higher capital cost of

nuclear,
Construction Schedule of Nuclear vs. Coal

The Korean experienée and forecast show a construction
. B
schedule for the nuclear plant about twice that a coal
'
fired plant. The cost impact of schedule is large. To
date, the Korea Power Development Program has benefited from
very favorable interest rates.



It is suggested that KEPCO investigate means to shorten the

U.S. on shorter schedules-prio: to 1970 and in the_early
seventies.

Examples include:

San Onofre 1 436 MWe 329 ety
Yankee-Rowe 1 175 Mwe AF:3  w
Ginna 470 Mve Gis6 n
Robinson 2 700 MWe ' 4 i
Palisades 805 MwWe 318 «
Point Beach 1 497 MWe 451 n

Also the Tsuruga plant 357 MWe in Japan was constructed in
-about 43 months, and reached commercial operation five
months later. )

The Korean construction industry should be able to come
closer to the early schedule performance of the nuclear
industry. KEPCO should determine the true schedule
constraints and strive to alleviate these, It may be that

_ schedule could be shortened by improving the process for the
reIEase of documents (drawings, specs, etc,) for
construction. It is noted that the writer did not
investigate the schedule constraints and the feeling that
software may be the constraint (as opposed to the
construction capability) is speculative; in any case, é
shorter schedule is supported by early performance of the
nuclear industry and the current record of the Korean
construction industry.

* As used in this tabulation, construction schedule is from start
of excavation to start of fuel loading. '



In summary, schedule is an important driver of nuclear cost.

TXCITU~0L aoout J0U

6.4

months to 45 months (nucleat/coal plant construction) can
likely be improved. The program should strive for: (1)

- completed "front eqd“ of licensing, construction controls,

design, standards and quality assurance and (2) a shorter
construction period.

Comments on Load Demand Forecast and Future Facilities

The methods used to forecast the electrical load demand were
outside the scope of the investigation. The following
comments are based totally on the writer's opinion and
should be treated accordingly. The proj?cted rate of
electrical demand may be optimistic. The average/year of
the five year growth rate in GWH gross generation* for
selected periods is summarized below:

-7 %Y " period  Avg GWH/hr  Ratio
AT 1971-76 0 2515

"B 1976-81 3418 B/A = 1,359
=€ - 1981-86 5486 C/B = 1,605

"D 0 1986-91 9336 D/C = 1.702

The éercentage growths are:

" “Period ' % Growth Compound Growth e-%
1971-76 : 2.193 C17%
- 1976-81 1.739 11.7%
-+ --1981-86 - - 1.682 - 11%

1986-91 - - 1,690 o 11.08%

’,

Using numbers from Operation Results in 1981 and Power
Development Program; February 1982.
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A compound growth rate of 11% will be difficult to sustain

as the load base grows, This effect is Illustrated by

comparing the average growth rate/year that is required to
achieve these compound growth rates (sece first tabulated
summary above). : : '

In 1981, the power sales by service sector for Korea was
16.75% residential, 14.66% commercial'and public,services,
and 65.59% industrial. (Approximate numbers for U.S.:
33.5% residential, 23.8% commercial, 35.1% industrial, and
3.6% other). Load demand growth depends heavily upon

_industrial growth as the industry sector accounts for a
large part of the base. The industry growth will depend
upon the general world economy. Price of electricity can be
expected to influence residential growth and price has
doubled* in two years. The various users should be
analyzed. '

In suﬁmary; the forecasted electrical demand may be

~ optimistic. A detailed model which builds the forecast
based on an analysis and summation of the users .is worth
considering. It is also noted that. the forecast of peak
load factor increases at a faster rate than the forecast of
gross generation (GWH/hr); this happens because the Load
Factor changes from 72.5% in 1982 to 66% in 1991. The
reason for the lower load factor is not apparent. lAn
optimistic forecast of electrical demand could result in
excess capacity. Should this happen, the nuclear plant
capacity should be used as much as possible in order to
enhance economics.

* This was deduced by taking the ratio of sales/generation and

‘normalizing the number to 1.00 for 1979; the normalized ratio for

1380 is 1.58 and for 1981 is 2.0.
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6.4

plant Capacity Factor

The Planning is based on a nuclear ca

This is a reasonable number (PWR's averaged 62 5% in 1981)
It is noted that some utilities, however, achieve better
capacity factor. (For example, in 1981 the average capacity
of three Swiss plants was 88.5%.) The incentive for good
capacity factor is especially high for the nuclear plants.
For example, a CF of 85% vs. 65% would reduce capital charge
by 5.9 mills/KWH . The operation and maintenance cost would
be reduced about 30% and the fuel cost by a few percent,




. APPEMDIX I
LIST OF MEETINGS AND PERSONS VISITED

6 April 1982 - Arrival in Seoul

7 April 1982 - General background discussions. Meetings :
Infrastructure Planning Division (EPB} and Bureau
of Electric Power (MER). Personnel: Tae-Yon Kim
(Director ~ Infrastructure Planning Div.},
sung-Jin Kim (Assistant Director), Se~Jong Kim
(Director - MER), and Sa-Woo Hong (Deputy Manager
Power Planning Dept. = KEPCO). Also Hyun-Kyn Roh
(KEPCO), and Young-Soo Lee (KEPCO). -

8 April 1982 - Review of Electric Power Development Plan and
cost models used in planning. Suk Lee (General
Manager Power Div., - KEPCO), Soon-Byong Lee
(Section Chief, Power Development Div. - KEPCO),
and Sang-Hyun Yoon (Assistant Manager Power
Planning Section - KEPCO). '

9 April 1982 -~ Meetings with KEPCO officials at the Ko-Ri
Construction site. Discussed cost and schedule.
‘Sang-Xee Park (Deputy General Manager Nuclear

Power Generation Dept. - KEPCO}, Moo-Sun Lee
(Chief, Project Control Sectlon), Im-Huan-Jo
{(Unit #2 construction),

10 April 1982 - Review information and prepare report.
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11 April 1982 - Review information and prepare report.

12 April 1982
and :
13 April 1982 - Review cost and construction schedules. Review

cost planning methods. Sang~Hyun Yoon, Kwang-S00
Lim, and Yoon-Kee Kang. '

13 april 1982 - Meeting with Suk Lee (GM Power Development Dept.
- KEPCO). |

14 April 1982 - Telephone discussion with Bechtel personnel.
Meeting with Dai Young Kin (Director General -

Bureau of Economi¢ Planning - EPB).

15 April 1982 - Departed Seoul for San Francisco, CA.

EPB -~ Economic Planning Board
- MER - Ministry of Energy and Resources
' KEPCO - Korea Electric Power Co.
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TABLE 2

Nuclear Plants - Summary Schedule & Cost Forecast

_Unit e i e . .. Schedule* . . .  Est. Cost
Number Site Type Months % Complete $/KWe-Gross

L , : (in operatlon ‘
et i i e .&ince | q\ ot e

2 Ko-Ri ~ PWR .7 ... 8.8 1583

PR g e A F i

3 ¥olsung PHWR 87 ‘ 97 5 1670

S S S R e AT A YRR AR s LFT = RS e

Unit 64.9 1410

5 & 6 Ko-Ri PWR 80
: e ... 92 = Unit

-gwand  TTUU96 - Unit

5
6

7 & 8 Yeong- PWR 84 - Unit 7 16.63% = 1626
8 PR [P s = : - v
9 . 6.46% .
1

9 & 10 - Uljim  -PWR -~ -—-. -..95 = Unit

107 - Unit 10

ke W O i L ML, LT T e (TR Tre ) e & . Sy s e, e 0T e o OSSP R T 1 , - s e ¢

NOTES <= e o e e

All cost are in 1982 dollars. except for Ko~Ri 1, -which started ...
operation 4/73. .

e 2ttt et st v st e i

¥ Actual site comstruction, i.e., ground-breaking to startup

**Through 3/82. e U
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