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AGREED FRAMEWORK BETWEEN
THE UNITED STATES OF AMERICA AND
THE DEMOCRATIC PEOPLE’S REPUBLIC OF KOREA

Geneva, Octcocber 21, 1994

Delegations of the Govermments of the United States of
America (U.S.) and the Democratic People’s Republic of Korea
(DPRK) held talks in Geneva from September 23 to October 21,
1994, to negotiate an overall resclution of the nuclear issue

on the Korean Peninsula.

Both sides reaffirmed the importance of attaining the
objectives contained in the August 12, 1994 Agreed Statement
between the U.S. and the DPRK and upholding the principles of
the June 11, 1993 Joint Statement of the U.S. and the DPRK to
achieve peace and security on a nuclear-free Korean
peninsula. The U.S. and the DPRK decided to take the
following actions for the resolution of the nuclear issue:

I. Both sides will cooperate to replace the DPRK’s
graphite-moderated reactors and related facilities with
light-water reactor (LWR) pover plants.

1) In accordance with the October 20, 1994 letter of
assurance from the U.S. President, the U.S. will
undertake to make arrangements for the provision to
the DPRK of a LWR project with a total generating
capacity of approximately 2,000 MW(e) by a target
date of 2003.

-- The U.S. will organize under its leadership an
international consortium to finance and supply
the LWR project tc be provided to the DPRK. "The
U.S., representing the international consortium,
will serve as the principal peint of contact
with the DPRK for the LWR praject.

-- The U.S., representing the consortium, will make
best efforts to secure the conclusion of a
supply contract with the DPRK within six months
of the date of this Document for the provision
of the LWR project. Contract talks will begin
as soon as possible after the date of this
Document.

—- As necessary, the U.S. and the DPRK will
conclude a bilateral agreement for cooperation
in the field of peaceful uses of nuclear energy.
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2)

3)

In accordance with the October 20, 1994 letter of
assurance from the U.S. President, the U.S.,
representing the consortium, will make arrangements
to offset the energy foregone due to the freeze of
the DPRK’s graphite-moderated reactors and related
facilities, pending completion of the first LWR unit.

-- Alternative cenergy will be provided in the form
of heavy ocil for heating and electricity
production.

-~ Deliveries of heavy oil will begin within three
months of the date of this Document and will
reach a rate of 500,000 tons annually, in
accordance with an agreed schedule of deliveries.

Upon receipt of U.S. assurances for the provision of
LWR’s and for arrangements for interim energy
alternatives, the DPFRK will freeze its
graphite-moderated reactors and related facilities
and will eventually dismantle these reactors and
related facilities.

-— The freeze on the DPRK’s graphitee-mcderated
reactors and related facilities will be fully
implemented within one month of the date of this
Document. During this one-month peried, and
throughout the freeze, the International Atomic
Energy Agency (IAEA) will be allowed to monitor
this freeze, and the DPRK will provide full
cooperation to the IAEA for this purpose.

-— Dismantlement of the DPRK’s graphite-moderated
reactors and related facilities will be
completed when the LWR project is completed.

-- The U.S. and the DPRK will cooperate in finding
a method to store safely the spent fuel from the
5 MW(e) experimental reactor 4uring the
construction of the LWR project, and to dispose
of the fuel in a safe manner that does not
involve reprocessing in the DPRK

f@oo2/0
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As soon as possible after the date of this document
U.S. and DPRK experts will hold two sets of experts
talks.

~- At one set of talks, experts will discuss issues
related to alternative energy and the
replacement of the graphite-moderated reactor

program with the LWR project.

-~ At the other set of talks, experts will discuss
specific arrangements for spent fuel storage and
ultimate disposition.

XI. The two sides will move toward full normalization of
political and eccnomic relations.

1

2)

3)

Within three months of the date of this Document,
both sides will reduce barriers to trade and
investment, including restrictions on
telecommunications services and financial
transactions.

Each side will open a liaison office in the other’s
capital following resolution of censular and cther
technical issues through expert level discussions.

As progress is made on issues of concern to each
side, the U.S. and the DPRK will upgrade bilateral
relations to the Ambassadorial level.

III. Both sides will work together for peace and security on
a nuclear-free Korean peninsula.

1)

2)

3)

The U.S. will provide formal assurances to the DPRX,
against the threat or use of nuclear weapons by the
U.S.

The DPRK will consistently take steps to implement
the North-South Joint Declaration on the
Denuclearization cf the Korean Peninsula.

The DPRK will engage in North-South dialogue, as
this Agreed Framework will help create an atmosphere
that promotes such dialcgque.
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Both sides will work together to strengthen the

international nuclear non-proliferatiocn regime.

1}

2)

3)

The DPRK will remain a party to the Treaty on the
Non-Proliferation of Nuclear Weapons (NPT) and will
allew implementation of its safeguards agreement

under the Treaty.

Opon conclusion of the supply contract for the
provision of the LWR project, ad hoc and routine
inspections will resume under the DPRK’‘s safeguards
agreement with the IAEA with respect to the
facilities not subject to the freeze. Pending
conclusion of the supply contract, inspections
required by the IAEA for the continuity of
safeguards will continue at the facilities not
subject to the freeze.

When a significant portion of the LWR project is
completed, but before delivery of key nuclear
components, the DPRK will come into full compliance
with its safegquards agreement with the IAEA
(INFCIRC/403), including taking all steps that may
be deemed necessary by the IAEA, following
consultations with the Agency with regard to
verifying the accuracy and completeness of the
DPRK’s initial repert on all nuclear material in the

DPRX.



NORTH KOREA '

Q: Doesn’t this agreement amount to a ‘bribe to North Korea to
~meet its existing- nonprollferatlon obllgatlons? -

A:'-- No. Under the agreed framework, North Korea will take
' steps that go far beyond its requlrements under the NPT.

-- It will freeze and eventually eliminate its. graphlte-'
‘moderated nuclear program. It will forego reprocessing
and dismantle its reprocessing plant. It will allow the
transfer out of countrty of the spent fuel it has
produced : ‘

-- These commitments by North Korea go beyond what'’s .

- required by the NPT or IAEA safegqguards. They will
eliminate the major threat to our security and that of
South Korea created by the very ex1stence of the North
Korean nuclear program : :

-- Moreover, the LWR prOJect to be funded by South Korea
"+ and Japan, will open North Korea to more normal economic
and political relations with the outside world. This
"also will help to reduce reglonal ten51ons and the rlsk
of war. : :

'Q: Why have you'accepted such a long delay before special _
inspections to resolve North Korea’s past NPT compliance? 1Isn’t
this lettlng them get away with v101at1ng the treaty?

,A: -- The most important thing is that we’ve got the North to
A - accept the principle that it must resolve concerns about
past compllance, through spe01al 1nspectlons, if
~ necessary. : :
. / T U - C ) .
-- We've always said we could be flexible about the timing
- for this step. .The evidence contalned in the waste sites
is not perlshable : :

-- We have carefully structured the framework so that the
North receives no new nuclear technology until after it
has resolved the IAEA’s concerns about the past. The
only things the North gets before this point are supplies
of fuel o0il and non-nuclear components of the LWR, like
electrlcal generatlng equlpment




Q: _
- their new government on shaky ground, isnﬁt this a time to be

Why have you made so ‘many concessions to North‘Korea?_vWith'

tough w1th the North?

A:

Q:

A:

As we’ve said all ‘along we would do, we have been firm

“and clear on our objectives, but flexible about the

tlmlng and sequenc1ng to meet those objectlves

We have made no conce551ons to North Korea on our key
goals: no further separation of plutonium, an end to the
current North Korean nuclear program, the eventual Lo
transfer of North Korea’s spent fuel, full compliance by
the North with its nonproliferation obligations, '
including resolution of concerns about the past,
implementation of the North-South Denuclearization
Declaratlon and resumptlon of North South dlalogue

The cooperatlon w1th the. North on LWRs and alternatlve
energy envisaged under the agreed framework is not a
concession, but a reasonable, carefully structured
program aimed at replac1ng the North’s. ex1st1ng,
dangerous nuclear program and helping to brlng North
Korea out of its current lsolatlon :

-Doesn’t delaylng spec1al 1nspectlons damage the credlblllty
of the NPT? ' : L -

-- On the contratry, our. deallngs w1th North Korea

demonstrate clearly that the lnternatlonal .community is
prepared to stand flrmly behlnd the treaty, and to insist

- on compllance

"Aren’t some agenoles dissatisfied.With the:agreement?

-- As the President said, all of his senior advisers

_reoommended going forward with_the agreed framework.
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October 19, 1994

The Honorable William J. Clinton
President of the United States
The White House

1800 Pennsyivania Ave., NW
washington, D.C. 20300

Dear Mr. President:

We write today to express our deep concern that the U.S. - North Korean
negotiatlons in Geneva, Switzerland, have achieved an unacceptable resolution
to the Issues arising from North Korea's nuciear program. We strongly urge you
to reconsider it and send the negotiators back to the table seeking a deal that
will protect and advance U.S. interests in achieving a non-nuclear North Korea
that is in full compliance with its International obligations under the NPT and its
agreement with South Koraa to denuciearize the Korean Peninsula.

Ambassador Gallucci returned to Geneva last week after consultations in
Washington to offer additional concessions to North Korea. These concessions
will reportedly result in delaying special Inspections of the two suspect North
Korean sites untli five years from now or when the first ot the light water
reactors we propose to supply North Korea is seventy-five percent completa.
Additionally, the accord commite the United States to ease trade restrictions on
North Korea within three months, pledges to arrange for 500,000 tons of oit
shipments annually to North Korea, and provides for opening a dipiomatic
lialson office in Pyongyang. Moreover, these concessions will allow the spent
tuei rods North Korea removed from its graphite-moderated reactor to remain in
North Korea under |IAEA sateguards for a period of ysars,

These concessions assentlally reverse longstanding U.S. policy
concerning North Korea. We will have vitiated through substantial delay the
IAEA speclal Inspections process, leaving unresoived the question of how much
plutonium the North recovered when it previously reprocessed fuel rods, and left
In North Korea’s hands the poterntial to trigger a major international crisis by
reprocessing the spent fuetl rods still under its control. In addition, we will have
undermined the IAEA’s credibility and made future special inspections of
suspected violations virtually impossible by negotiating over IAEA’s head and
dgefining the terms of the special inspection regime bilaterally.
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STATEMENT

After many monthe of negotiations, the U.S. and DPRK
have today concludad an Agreed Framework, which provides
for an overall resolution of the nuclear issue on the
Korean Peninsula. The elements of this resolution include
a step-by-step process to ultimately convert the DPRK’S
graphite moderated reactors to light water reactors
techrology and to bring the DPRK into compliance with itg
international non-proliferation commitments.

Beyond these technical details, the agreement also
holds forth the promise of greater stability and
prosperity in Northeast Aeia. As the nuclear issue is
resolved, opportunities will open for improved political
and econcomie relations between the U.S. and DPRX and
between the DPRK and other countries in the region,
especially the ROK and.Japan.

It is our hope that a resolution of the nuclear issue
will create an atmoesphere for both peaceful change and
econonic development in the region.

Minister Rang and I -- and our respective governments
-- have worked hard to achieve agreement on this document.
More hard work lies ahead to implement this complex agrees= fomass oe ¥
mernt. We need to build a record, over the menths anad years
ahead, of compliance, if we are to establish a basis for
trust.

Today we have made a good beginning. We pledge our
best efforts to implement the provisions of this Framework
Document in the hope that it becomes one piece in a mosaic
of peace and prosperity for Northeast Asia over the years
ahead.

Feom -
Bob ballocai’s Signig
Pfea:e, cleor  Loith

and Don FPereman

Torn Doni [on
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As nore and more nmiddle-income Americans will discover, this is a
very good deal, which is a very important part of America’s
long-term strategy for economic health.

Unfortunately, there are those who don’t support this approach
and want to take us back to the days when working families couldn’t
afford to send their children to college. Every single one of our
political opponents voted against the college loan reform plan.
Most of them have no signed a contract telling us what they would
do if they controlled Congress. They would give a $200 billion tax
cut to the wealthiest Americans. They would explode the deficit.
And to help pay for their promises, they have made a specific
pledge to cut the student locan programs for three million American
student borrowers every year.

Well, our contract is with the future. I don’t want to go back.
And I don’t believe the American people will support this approach.

Ten days ago, I got a letter that shows how important this issue
is. A lé6-year-old boy named Artur Orkeesh (sp), who immigrated
here from Poland just four years ago, attends Elk Grove School in
Des Plains, Illinois -- here’s what he wrote me about his dream of

going to college:

"since I came to the United States, my dream has been to attend
a school like Harvard or Stanford. I rank number one in my class,
but I know for a fact my parents are not going to be able to pay my
tuition if I should get accepted to a good university. I’d like to
know if students not as rich as others will get the opportunity to
fulfill the American dream and graduate from a great university."

Well, Artur, if you’re listening, I got your message, and the
Individual Education Account will help you get your wish.

Before I take your questions, I’d like to say just a word about
the framework with North Korea that Ambassador Gallucci signed this
morning. This is a good deal for the United States. North Korea
will freeze and then dismantle its nuclear program. South Korea
and our other allies will be better protected. The entire world
will be safer as we slow the spread of nuclear weapons.

South Korea, with support from Japan and other nations, will
bear most of the cost of providing North Korea with fuel to make up

for the

nuclear energy it is losing,/and they will pay for an alternative

power system for North Korea that will allow them to produce
electricity while making it much harder for them to produce nuclear

weapons.
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On October 21, 1994, after sixteen months of negotiations,
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the United States and North Korea signed an Agreed Framework

that ends the threat of nuclear proliferation on the Korean
Peninsula and provides the basis for more normal relations
between North Korea and the rest of the world.

This Agreed Framework not only serves the interests of the
United States, but those of our allies, South Korea and
Japan, as well. It will bring greater security to
Northeast Asia and contribute to our efforts to end nuclear
proliferation globally.

It will bring the DPRK into full compliance with its
non-proliferation obligations under the Non-Proliferation
Treaty (NPT). The DPRK affirms its NPT member status and
commits to complying with its IAEA safeguards agreement.

The Agreed Framework terminates the existing North Korean
nuclear program.

It ensures safe disposition of spent fuel now in North
Korea. The DPRK will forego reprocessing, and instead will
safely store and eventually ship the fuel out of country.

The DPRK will accept special inspections or other steps
deemed necessary by the IAEA before it receives any nuclear
components for a light water reactor (LWR).

The Agreed Framework addresses the following concerns about
the North Korean nuclear program with respect to past
activities, current activities and future activities.

The Past

The question of what North Korea did in the past can be
resolved by the IAEA only if the IAEA has the access to
information in sites that it needs.

Under the Agreed Framework, that access will be provided.
The DPRK has agreed to the implementation of its full-scope
safequards agreement and whatever the IAEA deems necessary
to resolve questions about past activities.

Implementation of that portion of the Agreed Framework
takes place over a period of time, but must be completed
before significant nuclear components of the first light
water reactor (LWR) to be constructed in North Korea are
delivered.

That is, before any nuclear components are delivered for
the first LWR, the question of North Korea's past
activities and North Korea's fyll compliance with its IAEA
safeguards obligations will beTtaken care of}

rCSDlu’/z\
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The Present

With respect to the present, North Korea has a 5 MW(e)
reactor that produced plutonium in the past as well as the
spent fuel now in a storage pond which, If reprocessed,
would produce 25-30 kilograms of plutonium. North Korea
also has a reprocessing facility.

Under the terms of the Agreed Framework, the North's
current nuclear program is frozen: the 5 MW reactor will
not restart; the reprocessing facility will be sealed and
not operated again; the spent fuel which came from the 5 MW
reactor will stay in the pond. These measures address our
concerns about the potential for further separation of
plutonium from spent fuel and further production of
plutonium in the 5 MW reactor.

All these provisions will be monitored by the IAEA.

Ihe Future

With respect to the future, the North Korean nuclear
program includes two large gas graphite reactors now under
construction, one rated at 50 MW(e) and the other at
200 MW(e). 1If those reactors were to be completed, they
would produce hundreds %iﬂtilograms of plutonium a year.

— — At \J Yo pLss (7 - -
The const uégzgn of those reactors will be frozen, and
along with a}l—other facilities currently existing in North
Korea; will be dismantled over the course of construction
of the LWR project. | That is to say, the 5 MW reactor, the
reprocessing facility, the 50 MW and 200 MW reactors all
will be dismantled. ( @

Dismantlement of the frozen graphite-moderated reactors and
related facilities is paced to the LWR project, such that
dismantlement will begin when the first LWR unit is
completed and completed when the 3econd LWR unit is
completed. Dismantlement means disasszembly or destruction
so that components and equipment are no longer useful.

In addition, the spent fuel in the pondfnot only will not
be reprocessed, but/will be shipped out of North Korea.
The shipment of spent fuel from the DPRK will begin when
significant nuclear components begin to be delivered for
the first LWR. The fuel must be completely shipped out of
North Korea by the time the first LWR is completed.

@oo03
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Light-Water Reactor (LWR) Project

The Agreed Framework provides that in return for the
freezing and dismantling of its present nuclear program,
North Korea will receive assistance from the international
community in achleving legitimate energy objectives.

The U.S. will lead an international consortium, tentatively
called the Korean Energy Development Organization (KEDO),
which will oversee construction of two 1,000 MW light water
reactors of proliferation-resistant design in the DPRK over
the next decade. These reactors will be largely financed
and constructed by the Repubhlic of Korea, with help from
Japan and presumably other countries as well.

Alternative Eneray

The Agreed Framework also provides that the energy needs of
North Korea that would have been met by the frozen and
dismantled nuclear reactors are to be addressed by the
international community.

To compensate the DPRK for loss of energy production from
not operating its 5 MW reactor and from abandoning the

50 MW and 200 MW reactors under construction, the
consortium will provide the North 500,000 tons of heavy
fuel o0il annually for use in a specific power plant (50,000
tons in the first three months, and 150,000 tons in the
first year of the agreement).

Political Aspects

The Agreed Framework will draw North Korea out of its
dangerousd isolation and help integrate Pyongyang into the
economic and political mainstream of East Asia.

The U.S. and the DPRK will establish liaison offices in
each other's capitals, something that will help us oversee
implementation of this agreement and open a channel to deal
with other issues that concern us.

Establishment of liaison offices will take place a3 issues,
for example, with respect to consular activity and access,
are resolved. Tlhere is also a commitment on the part of
the U.S. and DPRK to move to full diplomaltic relations at
the ambassadorial level as other issues of concern are
resolved. The Agreed Framework does not specify a time
frame for these actions to take place.

@doo4
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We plan to reduce economic and financial restrictions
selectively on U.S. citizens' dealings with the DPRK, in
clouse consultation with the Congress.

We will provide a "negative security assurance." It would
pledge us not to use nuclear weapons against North Korea as
long as it remains a member in good standing of the NPT
regime. (We have provided similar assurances to other
Eignatories\ of the NPT).

This Agreed Framework attains all our goals, including the
North's commitment to pursue South-North dialogue, without
which there can be no permanent resolution of questions of
peace and security on the Korean Peninsula. North Korea
also will take steps to implement the North-South Jeoint

Declaration on the Denuclearization of the Korean Peninsula.

We consulted with our allies, South Korea and Japan, at
every stage of the negotiations, including frequent
conversations between the President and President Kim Young
Sam. Korea and Japan's strong support has been essential
to the success of the talks with North Korea.
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EXAMPLES OF SIGNIFICANT EQUIPMENT/MATERIALS

1. Contract Conclusion
2. Site Preparation, Infrastructure Construction and Excavation

Construction work, roads, etc. assigned to DPRK

Site office, security systems, storage structures, worker
housing

Communications equipment, on-site electrical supply and
distribution equipment, fire station, water treatment,
etc.

Deliver structural steel and rebar

Deliver containment vessel steel

3 Completion of initial plant design

Drawings
Bill of materials and labor required
Detailed schedules for completion of reactors.

4. Specification and fabrication of major reactor components

Detailed specifications and identification of vendors
Fabrication of pressure vessel, steam generators, primary
coolant pumps, heat exchangers, control element drive
mechanism, instrumentation and control,
[turbine-generator set], other equipment for future
delivery to DPRK.

5. Delivery of [turbines] and turbine casings to DPRK.

[Turbines]
4" Turbine casings

Generators

Condenser tubes and related equipment

Feedwater pumps and related piping

> Electrical switchgear

Electrical controls
er ,inlet system
O Vel Gk ( comting bower | Cooling weder disclameg.\

Constructron of turbine bu11d1ng

Deliver building materials

’.ootings/mountings
“I/Civil construction
Water treatment equipment
Electrical supply equipment, cable/wiring
Communications and control equipment
Wastewater treatment equipment
Heating, ventilation and a1r conditioning equipment
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EXAMPLES OF SIGNIFICANT EQUIPMENT/MATERIALS i

1. Contract Conclusion
2. Site Preparation, Infrastructure Construction and Excavation

Construction work, roads, etc. assigned to DPRK

Site office, security systems, storage structures, worker
housing

Communications equipment, on-site electrical supply and
distribution equipment, fire station, water treatment,
etc.

Deliver structural steel and rebar

Deliver containment vessel steel

3 Completion of initial plant design ‘

Bill of materials and labor required
Detailed schedules for completion of reactors.

4. Specification and fabrication of major reactor components

Detailed specifications and identification of vend
Fabrication of pressure vessel, steam generators,
coolant pumps, heat exchangers, control element
mechanism, instrumentation and control,
[turbine-generator set], other equipment for future
delivery to DPRK.

primary
rive

5. Delivery of [turbines] and turbine casings to DPRK.

[Turbines]

Turbine casings

Generators

Condenser tubes and related equipment
Feedwater pumps and related piping
Electrical switchgear

Electrical controls

Water inlet system

6. Construction of turbine building

Deliver building materials

Footings/mountings

Civil construction

Water treatment equipment

Electrical supply equipment, cable/wiring
Communications and control equipment

Wastewater treatment equipment

Heating, ventilation and air conditioning equipment
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7. Initial reactor building/containment construction

Pour and set concrete base mat

Construction of reactor building

Construction of containment

Delivery of piping and valves for secondary cooling system
Electrical equipment, wire/cable, communications equipment
Air handling equipment

Begin installation of containment steel liner

Construct mountings for nuclear steam supply system
Deliver inspection and quality control equipment and
instruments



st T =t = PRRLImJON T 8.0

NU, D ol

10/6/94
POINT PAPER

DPRK ENERGY ASSISTANCE PROGRAM
LWR Construction Sequence Evaluation

Question: What percentage of nuclear plant construction completion could be
achieved before the first major piece of U.S. equipment would have to be
provided under the following scenarios:

Scenario 1 - South Korean supplied NSSS with the Us supplying l1n1ted
proprietary components.

Scenario 2 - US supplies complete NSSS.
Scaparig §

The first component suppliad by the. US. that would be required by a typical
construction schedule would be the Reactor Coolant Pumps. These arz typically
set alorg with the other major NSSS component (eq. RPV or §/Gs) which would be
at the 50% completion mark for the first unit (35% total completion tor a 2

- unit project) or three (3) years into the construction schedule and three (3)
years from fuel load. Assuming two - three months for shipping. receipt
inspections and construction preparatians, the RPV could be shipped when .
overall construction completion is approximately 40-45% of first unit (25%
total for 2 unit project), or approximately 33 months after censtruction has
started.

Option

The point at which the installation of the reactor coolant pumps are required
ceculd be delayed untii the 80% completion mark for the first unit (55% total
fer 2 unit project) or four and one half {4 1/2) years into the schedule. This
could be accomplished if the construction saquence and schedule was planned
and optimized for this scenario.

nari

The US supplies all NSSS components. - Mithin the NSSS scope of supply, the..~
“first’ .component required by the construction schedule would be the Reactor
‘Pressure “Vassel’ fRPV) *A six year construction schedule with typical erection
sequencing should require selling the RPV: i place when the overall~
construction complation percentage is approximetely 50% for the first unit ©
(35% total ftor a 2 unit project), or approximately 36 months after
constructicn has started. Assuming twe - three montns for shipping, receipt
inspections and construction preparatiuns, the RPY could be shipped when:
-overall construction completion is approximate1y 40-45%4(25% total for a 2
unit project), or approximately 33 months after construction has started.

It shouid be noted that 1f the forecasted consiruction completion date (fuel
Joad) is delayed during this first 33 months of construction, delivery of the
RPV can be also be delayed. With this situation, it is believed the delivary
could be delayed to coincide with a time equal to 36 months prior to the
revised fuel load date, with adjustments to the seyuencing of work ir tho
reactor building, without further impacting the already revised fuel load
date.
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Alterpative:

With either scope of supply, the US could provide all the necessary equipment
to support the six (6) year construction schedule and still remain 4n control
of some key major components that would prevent the operation of the plant.
These components could ba held until the B85-90% completion mark for the first
unit (60% total for 2 unit project) or within one and half years {1 1/2) of
the scheduled fucl load. These components are as follows with the required
"need" milestone: : '

ong Milestone % Complete Yr From FL
first Unit first unit

(%tota) project)
Reaclor Vessel Head, Prior to Cold Hydro 85-90 {6&0) 11/4-11/2

Control Rud Drives or
Reactor Protectien/
control Panels

Fuel/Fuel Components  Fuel Load 100 (70)  eeee--

Reactor Vessel Upper Prior to Hot Functional: 95-98 (67) 1/2
and Lower Internals Testing
BASIS

© Year construction schedule.
ground breaking = consiruction start - 0% Comgleticn.
Ist "Q" concrete pour - & month after constructicn start.

Set Major NSSS components (RPV, S/Gs RCPs) - 36 wonth prior to fuel load - 50%
first unit completion {~35% total 2 unit completion).

Energize in-plant electrical distribution system - 24 months prior to fuel
load - 75% first unit completion (~52% total 2 unit project ccmpletion).

Rx vessel & ccolant systew hydro - 12 months prior to fuel luad ~ 95% first
unit completion {~-67% total 2 unit project completion).




SOUTH KOREAN CABILITIES:

Souih Korea has the capability lo provide sbowt 75% of the desion and equipmenl supply for nucteas plants.
ncluding constraction labor, South Korea will do abowt 85% (o 00% of the work on the System 80 unils.

NSSS
* RV Intemals
Cer \"‘ ' CRDMs N
51‘9'.".{7" RCPs VR‘,.r'Q )
v Fuel Struchwe
Electronics
‘Readclor PV
Steam Generalors
Pressumizer
Reacior Cooland Piping

ABB/CE
AQBICE
ABR/CE -
ABBICE — ,
ABBJCE - e R N L
Kotea EL TR v, K
Korea . o Fost
Kocea’ Peeti. v L €
Korea )

AE: XOPEC/Sargent & Lundy

Tm: Technology Transter from GE, Korer's HANJUNG (formerty IGHIC) is coniructing.
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MAJOR PROJECT MILFSTONES 10/6,/94

DRAFT------DRAFY----- DRAFT------ DRAFT------ -DRAFT------ - DRAFT-------DRAFT------- DRAFT-------DRAFT --- -----
1M CONSTRUCTION COMPLET]ON PERCENTAGE % OF FUNDS
ACTIVIEY HONTHS UNLT 1 UNLT 2 TOTAL SPENT
Begin Site Studics -18
Select NSSS Prime Cortractor -1%
Select Architect/Engineer -15
Start Design -12
_Award Constructicn Contract -6
Release. lo Mfg NSSS 8 Long . .
Lead Equipment 0
Start Sile Prep 4] 0 0 0 0
Pour Reactor Basemat 5 5 <5 <5
Start Mat’l Delivery (piping,
structural steel, conduit,etc.) b 5 <5 <5
Start Delivery of Nom-sensitive
equipment (pumps, valves, etc.) 2 10 <5 8
Start U-] Piping Install 12 10 <5 8
Set U-1 Turbine Casing 4 29 5 2
Start U-1 Cable Install 30 40 10 30
Geliver U-1 NSSS Equipment 30 40 10 30
Set U-1 NSSS Equipment 36 50 15 40
Set U-2 Turbine Casing 36 50 - 15 40
Start U-2 Pipirg Ins-all 36 50 15 40
Energize U-1 In-plan- Busses 48 75 25 60
Deliver U -2 NSSS Equipment 54 8¢ 30 o5
Hydrotest U-: Reactor coolant Sys. 60 95 50 80
Set U-2 NSSS Equipment 60 95 50 80
Start U-2 Cable [nstall 60 95 50 80
start U-1 Hot Functlional Tests 64 9! 6) a5
Load U-1 Fuel 72 100 65 90
Unit 1 Commercial Operation 78 75 93
Energize U-2 ln-plant Busses 78 75 93
Hydrotest U-2 Reactor coolant Sys. 84 95 S8
Start U-2 Hot Functianal Tests 88 97 99
Load U-2 Fuel 96 100 100

Unit 2 Commercial Operation 102

—
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SEP-1-1394 13:42  FROM  JUPITER CORPORATION

Requiremant for Owner or Owner’s A/E

[ of ¢

88

O ses7aeoial  F.owr 7Y
+283-2095-3676 ABE/CE N8 BLS DEUL g A L £2 34 L1e1g¢
- Combustion Engineering, Inc.
COMMITMENT KEY MILESTONE SCHEDULE
Milestans Unit 1 Unit 2
(mos. after (maos. after
NOA) NOA)
Notice of Award o] v]
*  Submit PSAR to ROC-AEC for Review 2 9
*  Site Ready for NI Constructor, graded 48 48
to within 1 meter of final grade:
temporary utilities avaiisble
Cbtain Construction Permit from 21 21
ROC-AEC
Start Reactor Building first concrete 21 2?7
paur )
*  Energize Starup Transformer and Sus 52 84
*  inswument Alr end Bervioo Water 54 86
Systems Avaiable
*  8ubmit FSAR to RQC-AEC fer review &8 58 Y
Obtain Fuel Loading Permit from 70 82
ROC-ARC and Start Pre-Core Hot A°
Functional Teats for PWR
\
\,‘/ Q
. Initial Main Generator Synahroniaation 72 84 \
to Grid
Complete Ni Performance/Acceptance 76 88
Tests
Deciara Unit in Commersial Operstion 78
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SEP-21-1394 13:43  FROM  JPITER CORPORATION T 9g3722¢141  P.ee
- +2083-285-3676 ADD-CE N BUS DEUL ST, S JU, Z& PR ie.ed

N Combustion Engineering, Inc.
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AMs ~Trig el

(all stated in months after Notice of Award {NOA}
and are given as the time by which equipmaent arrives on-site)

Unit 1 Unit 2
(mos. after (Mmoo, ofter
NOA! NOA)
Primary Reactor Componemta (reactor vessel a4 -~ - 53
and closure head, steam generators,
pressurizer, hot and ¢old leg piping)
Reactor Cooiant Pumps Internals 53 62
Reactor Veasel Internals 56 04
' Control Element Drive Mechaniams 50 59
Safety Vaives 54 63
Safety Inisotion Tanks 46 56
Risgiplineftem
Graa
® Containment Vessel Stee! 20 26
¢ Stainloss Steel Liner Pate 24 30
. Structural Steol 23 29
¢  Extra Large Size Rsbar 14 20
¢  Mechanical Rebar Splicas - 14 20
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SEP-91-1994

15:45  FRCM  JUFITER CORPORATION

+283-205-3676 ABE-CE NS BUS DEW.
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SBive201d1  P.2S
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. Combustion Engineering, Inc.

(tﬂ mted mmonths aﬁef Nouca of Award {NOAk

and are glven as the time by which equipment arrives cn-gite)

Bactrigal

Elactrical Contuinment Penetration
Assemblies

¢  Ciass 18 Bwitchgear

®  Class 1E Loadcenters

¢  Clags 1E Motor Control Cantars

. Class 1€ 128v DC Egquipment

®  Clasa 1E Wirs & Cable
Ingrrymentation & Comtrols

. Simulator

L Nuplex 80+ Muitiplexers

¢ Radiation Monitoring System

®  Sampling Systam

Machanjca}

®  Shutdown Cooling Hast Exchangers
[ Containmant & Maintenance Cranas
»

Decentamination Equipmant

Essentiel Chilled Water Equipmam

3 ¥ &

Unit 1
(moy. after
NOA)

a7

42
42
42
39

41

&

32
32

22

36

18

Unit 2
(mos. after
NOA)

48
48

a8

a7

nis
83

38

42
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Vo oo T e g N0 plivery SCHNna
(all stated in months after Notice of Award (NOA}
and are given a8 the time by whith equipment amrives on-sita)

Unit 1 Unit 2
{mos. atter {mos. afrer
NOA) NOA)

Diesel Genaratars 35 41

Companent Cooling Water Pumps & 39 34
Exchangers
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P.10

1%t 49
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Target Project Schedule System 80+
Major Milestones (months after NOA)

#1 #2
Notice of Award 0 0
~PSAR 9 | 9
Construction Permit 21 21
1st Concrete Pour 21 27
RPYV Setting 45 54
~FSAR 58 58
Cold Hydro 62 74
Fuel Load 70 82
Commercial Operation 76 | 88
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The following List of Equipment/Structures can be supplied
prior to full compliance with IAEA safegquards:

Structur

Large portion of reactor building and containment structure
Turbine building

Security buildings

Radwaste facility

Onsite power generation facility

Fire pumphouse

Auxiliary boiler building

Ultimate heat sink structure (cooling tower or water pump
house)

Turbine Plant Equipment

Turbine Generator

Condensing System

Feed Heating System

Other Turbine Plant Equipment
Electric Plant Equipment
Switchgear

Station Service Equipment
Switchboards

Protective Equipment

Electric Structure and Wiring
Power and Control Wiring
Miscellaneoqus

Air Water and Steam Service Systems
Communication and Security Systems
Wastewater Treatement Equipment

Maintenance and Test Equipment
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Korean Standard Nuclear Power Plant:

safer, simpler, easier to build

By Byung Ryung Lee, Keun Sun Chang and Jun Seok Yang

KSNP — the Korean Standard Nuclear Power Plant — represents the culmination of Korea's
efforis to achieve self-reliance in nuclear technology. It is intended to help the country secure a
stable electric power supply for the future. Its designers also hope that it will enable the nuclear
indusiry to continue to expand with a consensus of support from the general public. The {ead
KSNP units, Ulchin 3 and 4, are currently under construction.

Sirc the szart of commercial opera

:ion

of Kort | iz 1978, 1 -otal of nine auciear
units have Sesa pur nto operation in
l\or-.L —_ ..mou ing o an instatled
capac: :*. - S\Ff‘. Five more cesc-

tors e :'..:r:nnj/ Seing buiic. Thers

nas

Sezn incrsasing participation by Korean
organisacions in design ind consiruction
scivities. Table L. snowing  Xorean

auciear cower ?ll."‘.:j a1ooceration

anad

unders zonstiction. cedecss chis. e aiso
stows the Jrefominancs of PYWRs. The

MR cesigns have dez2n sieadiiv o
incicated .o Taole 2
zsaDlisAmens of aud
Norea, .

Ths Ngorsan  scandardisacion

i rmiaca oty osusew in
LU9s 1nc zarivin 2lst zancury,
srogramme was

2ISTNACT Srases from 983 o 0oL

‘n oardle! witn he t,
ear eIanologies L

ied et non
]

modi-
nza ind .moroves over e vears.

00

n

-
Immme wis cormulated in (933
lirec: rssconse T0 the nz2ds Or §osaEce

N

pe |
non

® A\ easiciiicv stuav Cor 1 ostandare

auci C"{ sower “l‘"C W3S :DI"G"C':L".

o

Me st onase. a0 us Jnase. 1 droud
soectum of naigenous ind toreign
1Doroaches 0 e design. fonstruciion
NG 00erICon Of LTI Jower iants
'Was eviewed 70 2SIA0USA e iDOroacl

ird Jasic :oncs ¢ 0 e .;L.OD"CZI n

e

Korzan standard nuclear power olanc.

® [n che second phase. candidace de-
signs wers idencirted chat were consid-
ered cipabie of being ootmised ¢r‘c.
improved ro mes: the reguirements of
the standard olanc. This was done by
INAvsing e opesation ind Construc-
tion 2xgenencs of xisung :l.mcs ind
studvin g acévanced '::::noncgy Jeveloo-
ments in roreign touncrics.

© [n the ral onase of the srogramme.
'-.c sompiese design of the Nored Swua-

ard Nuciear Power Dlane - NSNT) was
\_c'w.opc:. with fonggwang 2 and 4 as
sefersncs siants.

The KONP s 2 1000MYe iass. two-

ovp KR T'm: lesign § e tesuit Of

I-)0emazve 2700l SeTveIn e SHICT
Nocsz Ziesime Power Corooricion
REDCD she N33 i:siz.“-.-. '\'orcn
Atomic Znerzy Researcd  lastitue
"RAER!Y ind e baanc: af giant
designer. Norea Power Enginc:.’:ng
Companv NOPEC.

The Norean siandardisation  ro-
gramme Iuminaced in 1 SGICY require-
Tene documene, X-SRED - Korea San-
2ard Recuiremenc Document. ind in
ne Xorez Sandard  Sufens Anaivsis
Rezorr X-33ARY. wmich gives 1 2om-

DLC’C GCSC'.DLOH Of the standard d.CSW’

L"IJ.EL.’CS on‘

iNCcorporates inco e astwv das
icdaresses
ind uso ims o
ceilupie ind stadble

aew iant

NG 2dsign

muichine

etizoilies

licansing

Tarzm.
:ngeTTica. greater
Jetrer

mv )lo'llﬂc.d‘nt

Mmesr e

s
ee

ind oresents decailed sarery analvsis fora
uomolc'e '1L.c‘c:u- power piant fexcss
{or site Soc"r.c nrormac on).

r

moprove-
ments in sarecy, OPC’JCLOR md Zoastru
tion performancs nave be2s set ,-.ca anc

—..‘r‘ 'Of

eleczricios susoiv.

3uiicing on proven :::-monow o
moiieizs
Tan—

DTOV‘GCS InCTeused i
.morovs 2z

Jcernatont

zonstrIcnoi Ty

Tnan ::l..:u_s Jurrently in ooeracon.
<nar tness
0 insiens anc

The saretv is
s ‘moroved
iczidents

[*4

sy
wmilia¥dT .

-)r'.'nur. :

Swnes.

5o many

) omeared
T § .mprovemznr .o
sRe .ncacocration

nalvses inaicace
sesponse
nC e e

c

aew 4C:;u.c At srevention 1r.a_' TEIUCT

ucs.vn C.JLLA':S

nolog'/.
Gesign.

simpiified
ind other features

on

-cp- -

PEY

supported 7v ine use oI
rzer matesials and coastrics
mu datanced olar
o) .mpm\c

The auenors ire wieh me Kurez

ecearcn

Tieon. Xorea

iremuc
i30 Zuein-igng,

rable 1. Korean nuclear power plants in operation and under construction
Kori Name Type MWe Coantract NSSS TIG AE Comm.
Nuciear op. date
Unit (No)
. <on MR 337 Tumxay ‘Nestingnouse Gel ZA 1978.2
2 <on 2 AWR 333 Turnxey ‘Nesungnouse Gel GA 983.7
3 ‘Noisung 24WR 379 Tumxey AEZUL ~ =P AEZL 1983.=
4 Xon 3 AWR 350 Comgonent ‘Nesungnouse Gel Jecnte! 1985.2
3 <on < SWR 350 Zamgconent ‘Nasangnouse Gel Secatet 1286.<
3 ~anggwang ° IWR 350 Zomoorent Nestingncuse ‘Vesungnouse Secntet 1986.3
T “anggwang 2 S'NR 350 Zomoonent Wesungnouse Nesungnouse Jecnret 1987.3
3 Jlemin e 2ANR 359 Zomoonent Sramatome Alsiham 3ecnte 1988.2
3 Slemin 2 INR 380 Comoonent =ramaicme Alsinom FramvAis: *989.:2
Q- Yanggwang 2 INR 1040 Comoonent . <HICKAERNCE KHIC.GE KCPEZ.Sal 1995.5
B Yonggwang 4 AL 1049 Camporant KHICKAERICE <HIC/GE KCPET/SaL 1996.8
2 Noisung 2 A4WR T0o Zamoonent AECSLUKHICKAERI <EIC AECUKCPES 1997 3
°3 Jen 3 SWR 1CaQ Camoonent KHIC/KAER! <HIC KCPEZ 1998.8
4 Jlenmn 2 SWR ‘020 Camogcrent KARIC/KAERUL <HIC KOPEZ 1999.5
29
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KOREAN STANDARD PLANT

Table 2. Development of Korean PWRs

Kori 1 Kori 3 Yonggwang 3 KSNP
Gross capacity
(MWei 587 950 1000 100C
Comm ac. date 1978.4 1985.9 1993

|

General
layout

i
Containment I _){ _’3
building =Dy il f“—‘lD .
i

T 1l i

| I t l

oy T g B e .
Tvoe Steel containment  >ra-siressec concrele Pre-syessed concrele Sre-siresseq concree
1D m: En 39.8 3.9 22.9”
Desigr oressure
it gy 23 3C 5 e
“ree voigme M- 2+ 90C 8 20C o 000 T8 00¢C

\

Reactor coolan:
loops 4
_Lo00s Z : 2 Z
Ne. of fue!
2s3emanes -2 137 - T
Qeacior il
icm: "2 157 182/398.8 1€2/398.¢
inleyoute!
iemoerawre 282 8.32C.2 207.8/326 ¢ 295 8:327 2 202813272
fom

“Supsect 10 cnange gue 12 sile-soeciiic recuiremen
operating effectivensss.
DESIGN APPROACH

KSNP was developed througn the con-
sistent appiication of some fundamental
design principles. These principiss are
compauble with Elecwric Power Re-
sezrcn Instirute (EPRI) advanced light
water reactor (ALWR; programmes. : and

134

nents and modul equiomcm. and the
separation of satery functions from non-
safery svstems ennance the simplifica-
uor principic.

Szzfm poicy. The assurance of licznsapil-
itv is a prerequisite for te successful
dcvclopmcnr of KSNP. Regulatory sua-
bilisation is achieved by resolving open
licensing issues, :s:abusmng accepuabie
severe accident provision, and designing
the planct consistent with reguiatory
criteria. R:gulato"v practice in Korea
refecs 1O that in oine \.mgcc States for
arsas that ars nos< >Dc"1'1-c in Korezan
oulmons To satistv Korean regulatory
oractice. & safety DOhC\ was formularec.
The sarery policy cescribss an integrated
approach o safeny With thres overiap-
ping ievels o. safe oroccmon
Fach of these 12vels of saferv is divided
into a Licensing Design Basis and 3
Sa.fcn' Margin Basis as depicred in Tzbie
Tnc Licensing Desigr: Basis 15 the set
7 KSNP sarenv design requirements
which are Dasicaliv necsssatr (0 sausiy
te  CUTTENT ETLUEIONY  T2QUIrEmMeEnts.
including licznsing Dasts transients inc
accidents. The anarvses for the Licsnsing
Design Basis werz done witn strict.
conmservative. approved anaivsis methods
and assumptiors. The Sarery Margin
Basis conzains dcswr requirements
wnich Drpna‘ aadiuona su:n o-\.onc
U'IC r"ummum "Ou‘fCC "\ '.n‘ Zalrens
"OU auons. .‘. ananc: DC:W fte "‘:Xd:ﬂt
'\r-vc'x"on anc¢ mIUgation in severs
accidents nas De=n SITUCK In the Sarerv
Margin Basis concept

Design margirz. The design marg:n pro-

vides the designed-in zacability to ac-

commodate Lransients Without causing
———,

< N

Pressurzer

- .

i Sieam generawr
|
i

include the concepts of ennanced safery,
simplicity, increased design margin, the
use of proven tcchnology and more
effective design and construction proc-
asses.

Reactor )
coolamt pump

Simplificarion. Simplificauons have been
incorporated in all aspects of plant ’

design, construction and operation. - = (/f\ ~—
Plant simplificadons include the use of - S /\v = /_,L)
the minimum number of sysiems, gN TN LT
valves, pumps, instruments, and other ! Reactor | ' :
items of mechanical and electrical squip- : J —= :

ment while maincaining the essential \-/ \_/
functional requirement “of the related

systems. The use of standardised compo- A Fig 1. KSNP reactor system. It is a two-loop PWR.
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Table 3. Korean Standard Nuclear Power Plant safety policy

Licansing design basis (LDB8)

Safety margin basis (SM8)

Accident Reguiatory imposed margin, in-service
resistance inspection and testing, RCS [ntegrity
Care Safety systems to meet regulatory
damage requirements
pravention
® Licensing specified accidents
{mainty single failures)
® Prevent exceeding regulatory fuel
limits
® ACP8 integrity
Mitigation Containment and associated systems
® LOCA Design Basis
® TID 14844 Source Term
Ealuation Conservanve. 2staclisned design
agproach methaods (exceot ‘or a smail numcer of

muitiple falure events)

Regulatory aooroved coges. stancarcs.

3INg accectance cntena

Craait lor safety-retated ecuioment aniy
:axceot lor (e muitiole ‘aiyre gvents)

Jeterminusiic licensing analyses of LC8

2wents

Meet requiations ang reguiatory
julcance

Increased margin, simplicity, system
and component reiiability

Safety systems featuras for investment
protection

® Realistic accident sequences
(muitiple failures)

® Greatly improved MMIS

@ Prevention design features

Containment performance dunng
severe accident

@ Margin beyond design basis

® Realistic sourca term

¢ Mitigation design ‘eatures
Best-astimate evaluations of design
margin and safety margin ‘eatures
Utlity specified margin ang acceptance

critena axceed reguiatory reguirements

Crecit ‘or coth safery-~eiated and non
safery-reiated aquioment

Jeterministc severe acz:icent
avaluauons suootementez 2y PSA

. Mesat reguiatory sersice acs:cent zoiicy

‘niciacion of snginesred safeTy svsiems.
gives 0peritors suMlicient ime O issess
and aeal witn ibnormai  conditions
wWith minimem cocencal for damage:.
iRU Tummises se Joczacal for sxcsza-
ng lMIG e, ecinical soecifications:
#NICh MIgRC [eduire 1efinng of shut-
gown of the Juanc

Proven echnoiogy. The KSNP design
conceoe emphasises e empiovment of
Jroven e£anoiogy  Infoughout e
pianc. inciuding svstems ind comopo-
Aencs, maintenancs ind opesation. ind
construction cechniques. XSNP araws
on the operaung ind onstruclon xoe-
riencs of @xisting olants ind e use or
oroven cechnology viil heip o ssure
siable reguiation. Tae Jroven ecanoi-
0gy CONSISTS Of SVSIEMS. IOMponents.
structures, ind design ind analvsis ceca-
niques which have 1 good sarerv mack
rezord, as deternined rom the operat-
ing experience of custing plans or Tom
regulatory review resuits.

Auman facrors. Tne KSNP svstemad-
calv inctudes human actoc considera-
dons in the design or svstems. aciiites
ind equipment. The human-zcsors-
driven design reatures :ncorcorate state-
of-the-art technologies in e instru-
menracion ind <oacroi areas. inciuding
digrai and microorocassor :c:hnologics.
Remore muidpiexers. reducad aumoess
of anaunciacors. ind tncegraced dispiavs.

August 1992

A Fig 2. KSNP reactor vessel and inter-

nals.i-CSDM. 2 - reacior vessaei nead assam-
bly. 3 - CZA axtension shart. 4 - inlet nozzfe. 5 -
outlet nozzie. 5 - upper guide structure assem-
hily. 7 - fuei assembiy. 8 - core support barrel. 3
- reacor vessei assambly. 10 - Jow skirt 11 -
core stoo. 12 - lower support stucturs. 13 -
in-core instrumentation norzie.

alarm procedures and controls are used
in the conuol room design. To imple-
ment human factors principles appropri-
ately inco the design, the gcsign process
includes interacrion berwesn qualified
designers and experiencad operators.
The use of simularors during the design
process reinforces che human factors
principle.

Construcrion and maincenance. From the
outser, KSNP has bezn designed o be
2asily conswructed and readily main-
aained. Considerations givea to miin-
wainability include providing swandar-
dised compoaeats. designing equipment
70 minimuse mailntenanc: nesds and
reduce oczupational exposure. and pro-
viding more space or inspeczion, repair
and replacsment of svstems and equip-
ment. The piant has deen designed and
will be constructed in 3 single. incegrated
crocsss. Provisions for modular con-
struction. ind advancad tachniques of
zrection ind instailation wers incorpo-
rated in e 2ianc Zesign it in sacly stage
of design deveiopment

DESIGN
]CS

FZATURES: REACTOR AND

vo-ioco PWRL s

L 3 DIane design lire

A Fig 3. KSNP steam generator.! - pn-
mary inlet 2 - orimary outet 3 - downcomer
faedwater. 4 - steam ouder 3 - blowdown. § -
secondary manway. ¢ - nandhole. 3 - econ-
amiser feedwater. 9 - recirculation.

kY



KOREAN STANDARD PLANT -

Table 4.

Characteristics of the
Korean Standard Nuclear

Power Plant

Reactor

Type

Thermal output
Coolant flow rate
Design pressure
Operaung pressure
Desian temperature
inside diameter at shelil
Overall heign?

ruel

Numper of fuel assembilies

Numper of UC, tuel roas
oer assemoly

Fue weign:

Core neignt {activel

Core diameter iequivaient)

Clad matena

Clad tnickness

Reactor coolant system
Number of looos

riot legrcoid leg

SReactor iniet temoerature
Reactor outiet temoerature
Toiai cooiant volume

Sonrroi roas

Numper of contror assembdlies
Numoper 5i roQs per assemoly
Matenal !tull/oan strengtnl

Steam generators

Type. number of unns

Steam flow per stear
generator

Steam oressure ar tull sower

Steam temperature a: tul!
Jower

Maximum morsiure

“eeqwater temperature

Reactor coolan: pumos
Numpe:
Motor/type

Design capacity
Jesign nead

Containment
Type

Insioe diameter
Heignt
Free volume

- Liner thickness

Turbine
Numoer
Type

RPM

Generator
Number, type

Voltage

Frequency
Net electrical output

Candenser
Number. type

Pumo type

Pump numper

PWR

2815 MWt

1215 x 10* Ib/h
2500 Ib/in’ (a)
2500 Ib/in” (a)
650°F

236 (16 x 16)
186 609 tb
150.0in
123.0in
Zircaioy-4
0.025 in

BN UTSTTRY (Y
.

Verncat U-tude. 2

236 - 1C* 1ok
1370 IbAies ta;

+ O n
i O
i9
T
© n
&

n

[V
2
n

4C inguction/
veruical.
centniugal
32 500 galrmin
320 %

Prestressed
cviinarical
concrete witn
steel liner

14 ft

216 ft

273 2 10

0.74din

4 (high 1, low 3)
Serial 6 flow

arangement
1800

1. 4 poles
(1800 RPM)

22 kV. 3 phases

60 Hz

1000 MWe

3. once~-through
soa water
cooling

Vertical,
centrifugal

50% x 3

32

O % H z Sigure °
S 3 -
i JomAnmeT TS *

A Fig 4. Safety Injection System of the KSNP.

oi 40 vears. The main znaracresistics or
tne. KSNTP design are summarized in
.apie 4.

ne reacror vesse! and internals
ire shown in Fig Desicn improve-
ments nave desn made fOr the Zors
suDemisoT funcrion and  operating
Targin. 1ne rzacior vesse! IS rabricated
using ning rorgings. The rning-rorgsd
fadrication method. as compared with
:he roliea and weided plats fabrication
27 previous diant designs. reducss the
Sumbsr or weids ana simplifies che
vessei. TNe ring-forgsC [abDricalion usc
T2AUCES CONSITUCTION UMe and sanancss
e vessel's tzsiSancs [0 oriTie fracture
since the weid areas are moved o regions
oi iowar neutron fiex,

Sieam generarors. The stzam g2n2rators.
23cn consisting of a U-tube dundie.
integral  economiser and  =vaporaror.
water sedarators and stzam drvers. are
shown in Fig 3. '
Improved resdwarer recircuiation has

Deen achieved DV optimising fesdwater
flow shared benwesn the sconomiser and
downcome: region of the steam generz-
to:. At rull power. abou: 10% of the
resdwater flow 15 dirzziec o ¢he
JOWnCome: SeSilon. and ne ramaincer
¢ aamitted through e sconomise:
secion Of the STSIM generator. L Ais
improvemenit r=sults in i c=duction of
warer nammer cFects in the feedwatsr
svstem. and an increase in  thermal

ing margin It the
= rull sower lire for

Pressuriser The pressuriser volume nas
Desn increased iit is 33% farger (reiative
¢ nermal ourpul; than that found in
ABB-CE designed Svstem 80 piants..
This zan significanuy improve pian:
resoonse o transient and acsident corn-
ditions.

Also. the iavout of the surge line 15
appropriately arrangsd 0 requcs ner-
maliv’ induced stress dus ro thermal
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A Fig 5. KSNP Safety Depressurization and Vent System.
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A Fig 6. KSNP Shutdown Cocling System and Containment Spray System.

stracificazon. A small maxs-up sorav
dow is onunuousiv idmiced 0 e
pressuriser 0 avoid swauficadon of
Jressuriser doron CORCINLALon ind o
malnain Qe desired lempoeratule ikt

surge ind sorav lines.

DESIGN FEATURES: SAFZGUARDS SYS-
TEMS

The XSND sareguards svstems comprise
tne afers Iniecuon Svstem “Tmergency
Core Cooting Svstemi. e lafes
Deoressurisation ind -ent Svsiem. e
Shutdown Zooling Svstem  Resicua
Heat Removal Svstem'. e Zmergencs
Fesdwarer Svsiam anc he Contanment
Soray Svstem. The sareguards svstems
teoresenr the area N WRICA the most
5ignIficine  :morovements lave  Jesn
made in KSNP :elatve -0 the referzncs
piants, Yonggwang 3 and 4.

The safeguards svstems are designed
a0t only w0 accommodate design Jasis
cansiencs and acsidenss. Sut 1iiso o
orevenr and Tutigate Jostuared severs
accidents.

Safery [nieczion Syszem. The Safery [njec-
don Svstemn delivers borated warer inco
the reaceor coolant svstem to tlood and
cool the core following a loss of coolant
accidenr. The Safery [niecdon Svstem
(Fig 4), \n conjuncuon with the bicsa
funcdon of the Saferv Depressurisation
and Venr Svstem, is also designed
remove core decay heat and o restore
tne reactor coolant svstem (RCS) inven-
torv in che event or 1 cowl loss or
teedwater (fesd and biesd funcdon).
The orincipal componencs of the Sarewy
Tnjection Svstem are nwo low oressure
and two hugh dressure saretv injecuon
pumps. four safery injeczion @mnks. 3

August 1992

rerueiling water storage ank. and issoci-
irez pioing and valves.

Sarery Degressursarion ina vene Suszemn.
The Sarery Depressurisation and Vent
Svstem s designed 0 Dderform :ie
dllowing tunctions ! Fig 5

® ‘endng non-condensidble zases Tom
:he rzactor coolant svstem.
® Cooting the r=actor zdolant svstem
hea e Dressuriser FOrAV s OLL Of
drder.
® Deorsssurising the rzactor oolant
5Ustem and removing Neat fom he
r2actor coolant svsiem in e sveat of i
Sevond design basis iccident consisung
of total loss of fesdwarer.

The saferv deoressurisation function

of the Safecy Depressurisation and Venc
System is one of the major improve-
mens in the KSNP design. The core
damage frequency can be significandy
reduced once account is wken of the
feed and bleed funcdon when the
normal and emergency fesdwacer sup-
plies are unavailable to remove heac
through the steam generators. The bleed
funcdon is accompﬁ.shcd via the remote,
manual opeaing of the motor operated
valve in the dlesd line of the system. As
RCS pressure decreases, the Satecy Injec-
rion Svstemn initiates feed fow to..che
RCS and restores the RCS water inven-
tory.

The deoressurisadon function in con-
junction Wit an eniarged reacror cavity
arTangement can preciude che possioilicy
of zarly Ioneanmenc failure due ©
¢iected cors debris under high pressurs
snould che rzactor vessel taii tollowing 1
zore meit. Ouer svstems that help to
Sravent or micigate severe iaccidens
ieclude 10 aternative AC tower sourse
for Zeasing vith station Siackout vents.
3 largs rugged drv concainment, and
Avdrogen igniter svsiems Ior Sombusti-
Ste g3s conesol

Souzaown 2doling ind coniiinmens :oray.
The Shutcewn éooiing Svstem 1 SCS) is
used 0 2rovide 3 forcad circuladion pat
‘or decav eat removal Tom the RCS.
ind 0 wanster the heac 20 she Compo-
aenc Cooiing Water Svstem 1t RCS
1emzerature ind srassure delow or 2qu

333°F 1nd <.3lbiinczn The 3C3
use or the low ressure Sares
zion 3witem. T e design orassure of
3CS Ras desn increased o 900G/
:n~{a). zompared mwm an SCS pressurs
of 233-730lbsin" ‘or Yonggwang 3 and
<. The utimate mupture swengn of e
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A Fig 7. Emergency Feedwater System of the KSNP.



A Yonggwang 3. Yonggwang 3 and 4 are
the reference units for KSNP.

ing has been used to enhance operator
efectiveness — enabling two operators
to conrol the piant du.rmo normal
operation.

The main control room contains a
compact control board with muldpie
display and control devices which pro-
vide organised, hierarchical access to
alarms, displays and coarrols.

The compact control board has the
full capability o perform all main
control room functions as well as sup-
poct division of operaror responsioilities.
A supervisor's console s aiso located in
the main control room to de used for
moanioring.

The plant protection and control
svstems emplov modern digital technol-
ogy. including muitipiexing and fibre
optics both for monitoring and concrol
functons. Multiplexing provides more
reliable signal transrer, reduces cost and
simplifies maintenance due to reduction
in the complexirt of cable runs. Procec-
tion and conrol svstems are davsically
and logicailv separated detweza redun-
dane svsiams.

DESIGN FEATURES:PSA

A level | propabilistic saferv assessment
P32 has oezn performed for the KENP

design. Sensitivier studies have also beza

performed to analyse the effectiveness of
the advanced design features employed.
The core d:.mLc frequcncv (CDF;
estimated for KSNP is reduced bv
factor of more than 10 compared wic:
Yonggwang 3 and 4, the refereace units.
The reduction of CDF is mainly due
to the employment of advanced desigr:
features. For example, che alternate AC
sources, Safety Depressurisation System
and Emergency Feedwater System
reduce the agurc by factors of 1.9, 5.8
and 2.6, respectivelv.

The advanced design featurss im-
prove the plant response o sution
blackout, loss of fesdwater, and wansien:
events, which are major conuibuross o
core damage rfrequency in sxisting
planes.

LEAD UNITS AT ULCHIN

Ulchin 3 and 4. currendy under con-
struction. are tne ieac KSNP v, anc
design work on wwo morz KEN? yniz.
Yonggwang 5 anc §. is scheduied ¢ sta
next vear. Without snanging e skeiz-
ton or the KSNP design ‘.r::.\: leve.-
oped. piant enpancements anc imorovs-
meats will be made as new design
reatures not oreviousiv smpioved ar
proven o De sarz znd celiadie fse
Tabie 3).
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A Fig 8. Instrumentation and control
system diagram for KSNP.

SC3 piping anc components will not o¢
exszedec at inis pressure, \xmn requcss
the :ossibii'x" of an interacing svstem
joss ‘of cooiant accident if the SCS is
exposed ¢ the ull reastor cooiznt
SVSLEm Dressure.

The zvailadiin or the SCS during

snutdown cooling operauon will oe
increased oV the  syminaton of e
aUL0-ClOSUIZ iNIZNIOCK 1IN g bk.,‘ suc-

tion vaives. High reiiapilinv of the SCS
Quring mig-l00p ODeration Is aciisved
5v the instaliaton or permanent reru-
‘lllnc wartzsr lC\CA ;.:G.ICJUOH ch .Ja:-...s.

The Containment Sprav Svstem
tCSS) is z saferv grade svstem and s
designed to remove containment heat
and reducs containment oressure fol-

lowing a2 main stear. iine break or joss of

coolant accident. Fission products are
removed by the sprav so that. in the
event of conuainment leakage, airborne
activity at the site boundary will be
reduced.

Svstern  reliabiity 1s  increased by
incorporating a dedicared containment
spray hcat exchanger in KSI\JP whereas
in the reference pla.nt des the con-
ainment sprav svstem uses Ec SCS hear
exchanger. The interconnection be-
wween the SCS and CSS is nevertheless
maintained in the KSNP so that. in the
svent of one or both of the snutdown
cooiing _pumps being unavailable. one or
boch of the containment spray pumps

" can perform the SCS function (Fig

Emergency Feedwarer Systern. The Emer-
gency Feedwarer System (EFS) supplies

edwater to the steam generators ©
remove heat from the reactor coolant

k2t

svstem to the SCS enuv condition
(350°F and 410lb/in*fa)} when the
main and startup fesdwater svstems are
unavailable. Tne EFS is connigursd into
two separate independsnt subsvstems
(Fig 7). Each subsystem consists of one
emergency feedwater storage tank. onc
}M00% capacity motor-driven pump, one
100% capacitv rturbine-driven pump.
and associated piping and valves. The
design features mducc the capacity 10
supply fesdwarer for eignt hours during
statior. biackout.

Tnz EFS has been simplined bv the
climinatior. of the cross-connection de-
twesn trains and improvement of actuz-
ton logic. The system has pesn up-
graded bv making use of sarerv grade
emergency feedwarer tanks and venturis.
prevention of common mode faiiure aue
to stcam binding. and tiimination of
emergency fesdwater isolauon in the
event of steam generator fallure.

DESIGN FEATURES: CONTAINMENT

1ﬂ <onlainment Dl’O\ nG-_ a |~3.h':
barsier to preciude uncone: ohhc racio

.E
ad

Lo rci:ﬁc in the sven: of posruiated

acoideats. 1ne containment a_'so oro-
vides protezzion for safew refarsC svs-
ems and equ:pment rom :xtcr.—.a.l haz-
ards such 25 flooding or a'v"'a.z'* crasn.

The containment buiiding is 3 ~viin-
dr x.a.' STrUCTUrs With z ne 'n'sonc 1\_3.{
dome. it is constructed of presiress#d
concrete clad with & siesi liner plate to

endure thermal and dynamic loads aris-
ing from postuiated accidents. Com-
pared with previous designs. the reactor
cavity has been enlarged and rearranged
to capture and cool molten core debris
should the reactor vessel fail unde: severe
accidenrt condidons.

Heat removal and fission product
removal in the event of postulated
accidencs, such as main steam line break
or loss of coolant. are performed by the
Containment Spray System. All conrain-
MENT D2ZNEIALIONs XC2DT those required
to perform a saferv refatec runctor
during postulated accidents are isolatec
pv the Continment Isolation Svstem
1a the automatcally initiated conzain-
ment solation signal.

rollowing a postulated loss of coolan:
accident. the Combustiole Gas Controi
Svstem prevents e uncontrolied re-
combination of combustible gas. A
hvdrogsn wmtc' svStem has de=n adaec
10 controi hvdrogen concentrations foi-
iowing a severe accident. and to reducs
the possibility of z nvdrogsn explosior
5v eliminanng iocal mign concanirations
trougr. controlisc nvdrogen ourning

DESIGN FEATURES: CONTROL ROOM

Modern technologies using sorwars
based zontrol. attomaztic testing. muiti-
D|C\ ne’- :uarm 3 lOﬂ['SadOn .ZUIL l'OlC -
anc ¢nd computer driven dispiays nave
Seen e Diovca In e <ontro: room
design :'rxg §1. Human facto: sngines:-

Table 5. Summary of Korean PWR design concept

development

Zxisting piants Stanoardized unns Future units
General
@ Capaciry (MWe) 800 — 100C 100G 1000 or over
@ Sesgn iiie 1) 30 — <0 20 3C

Safety improvement
@ Suel thermai

margin (%)

® Core camage
frequency

® Swation plackout
cooing time (n)

® Containment

® Source term

® Hyarogen generation

® Licensing

Performance improvement
® Plant availasiiity(%)

@ Refuelling cycte
(months)
® Load-follow

® Occupational
radiation exposure
(man-rem/y)

@ Man-machine
Interface

10 — 1C!reacior-y

Uptod
Severe aczigent loac
not consigerec
TiD-14844

Severe accident not
considered
Severe accident not
considered

=75

12-15
Lirited load-igllow

~350
Conventional anraiog
control with some
digital

13
10 — 10%reactor-y

4

Severe accioent load
consioered
TID-14844 and
reaiistic source term
(PSA)

100% oxidauon with
10 v/o fimit

Severe acadent will
be considered as a
satety margin basis

80-87

12-24
Planned load-follow

100
Current advanced
technoiogy adooted
with exceptions

15
<1C¥reacior-y

>8
Severe accident ioac
consigerec
Reailslic source tenm

100% oxication with
10 v/o limit

Severe accident will
be consicered as a

safety margin basis

87

24
Daily load-follow with
automauc freguency
contot

<100
Full agvanced
technology adopted
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The System 80+"
Standard Design

THE Nuclear Option for
the 905...

In 1991, nuciear power was second
only to coal in use for generating
electricity.

The demand for electricity is growing —
it shows no signs of slowing down. To
meet this demand new power plants will
bave to be built in the 1990’s. Concerns
about global warming, acid rain, nuclear
safety, and the use of scarce resources,
such as oil, to generate electricity all im-
pact on the decision of bow beavily to
rely on any one energy source. Given the
many options available - oil. natural gas,
coal, nuclear, waste-to-energy, or even
solar — tbere is no single correct answer.
Ratber, all feasible alternatives must be
considered and, in the long run. each
used where most practical

Nuciear Power’s Role

Today. there are 120 auciear plants in
operation around the countrv. More
than 20% of alil electricity produced in
the U.3. comes from nucleur power.
sarely and without incident. Even so,
we in the nuclear indusuv are well
aware that the public's continuing
concems for safety and economic
viability of nuclear power must be
addressed and satistied. That's why a
new generation of auciear power
planes hased on evoiutionary Jdesign
improvements ind known us Ad-
vanced Light Wuter Reactors (ALWR)
hus bezn developed. Combined with
the govemmental reforms under way
wn the licensing of standardized
nuclear plants. the nuclear industry is

working hard to illeviute the publics
concems. In the {ollowing pages vou
will see how ABB-CE has developed
an evolutionary ALWR design called
the Svstem 80+ 3tandard Design
which is based on the most success-
ful existing operating plants in the
country. Factored into already
successful designs are more safery
svstems. as wvell 25 improvements o
make plant construction. operation
and maintenance easier. When all
factors are taken o dccount —
2avironmenei, 2ConoMmic. public
safety. und energy secunty — ALWRSs
such as Svstem 30+ must be con-
sidered a4 viable source of energy:
one that deserves o be part of any
plan for new capacity 1n the 90's.



Evolving from
Proven Concepts

When the original Svstem 80°% stan-
dard design was first developed. it
reflected the best that commercial
nuclear power had to offer. That's
whyv we've chosen to build on its
success with the new Svsiem 50+
Standard Design. This evolutuonary
standardized design ncorporates
improvements which have 2volved
from thousands of reactor vears of
nuclear plant operating experience.
Proven features include:

- digital mini computers for core
monitoring and protection

- Nuplex 80- human engineered
control center

- long refueling cvcles

- 100%: load rejection capabiiity

Ctilities will recognize these features
and many others as state-of-the-art on
the Svstem 80 design. At the Palo
Verde plant in Arizona. unit three
produced more total energv in one
vear (1988) - some 10.865.800
megawat hours - than any other
nuclear plant in the world. Whar's
most important about this accom-
plishment s that. because of these
units. Svstem 80 represents the only
US standard reference design avail-
able today with 100% of the details
completed: with fabrication. construc-
tion and start up experience fed back
into the design: and now. most
importantly. with on-line operating
experience 1o call upon. This expen-
ence at Palo Verde wiil be invaluable
to the design and construction of
future plants. as will the newest
System 80 projects now underway
with the Korea Electric Power Com-
pany in Yongwang and Ulchin,
Korea.

2

Why the ABB-CE System 80+"
Standard Design?

The ABB Combustion Engineering (ABB-CE) System 80+
standard design evolved from a proven standard design, the
original System 80" Nuclear Steam Supply System (NSSS)
which is currently in operation and setting world records for
power generation. Additionally, it meets the requirements of
the Electric Power Research Institute (EPRI), a utility
research organization that, with utility guidance, bas
Sormulated an industry-wide program to develop design
requirements for the next generation of LWRs. It also
measures up to the NRC’s Standardization Rule (10 CFR 52)
which defines technical requirements for future plants in the
LS. It’s a design that bas been submitted to the NRC for pre-
licensing via design certiflcation. In short, it's a standardized
1300 MWe design that’s bere now, ready for service

in the 90's.

Simplification with

No Reduction in Power
Simplificauon of the Svstem 80-
standard design has been accom-
oitshed without reducing its power
from 1300 MWe. It's sized to meet the
demaunds of larger utilities that are
undergoing moderate growth rates in
power demand. as well as smaller
utilities that might team together o
own and operale new generaung
units.




Safe, Reliable Power

With sufetv anc reliabilitv as key
satchwords. there 1s an imponant
™O SIED prog 1IN Drogress o
develop and license the Svsiem 80—
standurd Design. Firsi. ine original
Svstem S0 design has been resvalu-
ated and modified. Changes have
peen carefully made according to the
ground ruics sei by EPRI unc the
nuclear utilies themselves in the
industrv-deveioped ALWR Require-
ments Document. as well as the
requirements siated in the NRC's
Severe Accident Policy.

NRC centification is expected as earlv
as 1992, Each siep of the wayv.
reliabilitv and safetv are being
addressed. And each step of the wav,
ABB-CE has addressed these con-
cerns by improving instrumentation
and controls 1o simplifv the co-
ordination berween man and ma-
chine: by creating redundancv in
safety svsiems: and by developing an
integrated planning approach for
addressing maintenance. operation.
construcnion, security and emergen-
cies. The System 30+ Standard Design
will sausfv the furure needs of
utilities. regulators and the public.




Rugged Dua{ Continment
System 30+ Standard Design im-
orovements hiave been expanded 1o
encompass the compiete plant
design. This includes the conuin-
ment building us well. Basically. the
Jnainment structure is a steel
sphere 2nclosed in a cvlindrical
concrete building. This provides the
sdfety rdvantages of a4 dual contain-
ment by reducing the potential for
radioactive releases to the environ-
ment and ailows the porentiul
addition of an external sprav svstem
to remove heuat in the reactor in the
event of a severe accident. And with
4 200 foot diumeter. its size gives it
an idded advantage in that any
hvdrogen that might be released
during 1 severe accident can be
safely diluted and controlled.
Configuratuon of the reactor vessel
<avity is such that it is able to cooi
molten core material and prevent it
from being ejected directly into the
containment atmosphere. Finally,
the plant’'s safeguard svstems are
housed beiow the spherical contain-
ment structure and protected by
thick concrete walls. This improves
sabotage protection tremendously. A
stronger containment building,
~pecifically designed to withstand

:vere core damage accidents worse
than occurred at Three Mile Island.
and scores of other improvements.
will provide renewed confidence in
the safety and stability of nuclear
power.

What new design features
are in the ABB-CE System 80+"
Standard Design?

It’s important to note that the evolutionary ALWR features in
the System 80+ Standard Design are based on substantial
improvements to the most successful of the existing nuclear
Dlants. Safety, performance and economics bave all been
taken into account. Particularly noteworthy is that the evolu-
tionary System 80+ standard design achieves safety levels
that rival or exceed the smaller, more passive designs being
developed. Yet System 80+ is ready to be built now —while the
passive plants won't be ready for service until the late '90s.
Although System 80+ will rely more beavily on operators than
might passive plants, it will provide the operator with much
more flexibility in bandling unforeseen events than in the
past. Literally bundreds of improvements bave been made.

Larger Secondary Feedwater Inventory fn
Steam Generator Extends ‘‘Boil Dry’’ Time

Larger Pressurizer
Enhances Transient Response

Enhanced Load Follow i

/ Capability

Ring Forged Vessel

Increased Operating Margin Increased Heat Transfer Area

System 80+ Standard Plant -
NSSS Enhancements



New Safeguards Systems

To reduce the adverse impacts of
upsets in plant operation, ABB-CE
has incorporated many new features
which substantially increase the
operating margin of the design.
Improvements in the steam generator,
for example, increase the water
volume and heat transfer area 1o aid
in cooling. More cooling capacity
means longer cooling time and more
time for the operator to act. Another
newly designed feature (the Safery
Depressurization Svstem). provides a
way to safelv depressurize the reactor
cooling svstem and provide protec-
ion in an emergency — even after a
severe accident that dumages the
reactor. [t also includes the capabilicy
to provide cooling in the event of a
total loss of teedwater through a new
“feed and bleed” process that avoids
contaminating the containment
building - feeding wuter into the
reactor. bleeding steum out of the
reactor und condensing the steam in
1 lurge tank of water af the botom of
the contzinment until a desired
temperature is reached. The shut-
down cooling svsiem has bDezn
upgruaded to u higher design pressure
to muke it eusier for the operator O
use und to prevent the chance that
radivactive water could leak from the
conwinment through this svstem.

Increased Redundancy

One of the most fundamentul wvavs (o
increase safetv is o credte redun-
dancy: multiple sets of svsiems that
buck up each other The 3vstem 30+
Stundard Design does just that wuth
an array of features that improve not
onlv safetv. but reliabilicy as well.
Now there ure four trains. or sources,
of emergency feedwuter o cool the
reuctor and protect it from overheat-
ing after being shutdown. To prevent
any possibility of this feedwuter beng
cut off. two sources are driven by
electric motors. two by steam tur-
bines. In still another effort 1o assure
uninterrupted protection. pumps in
the shutdown cooling svstem are
identical to those in the conrainment
sprav svstem. and therefore. are
interchangeuable. As 1 resuit. complete
wvater flow can be mainwined in
either svstem if 2 pump is not avail-
able. To guard against the loss of
outside power o any part of the
planc. another diverse power supply
(a combuston trbine) has been
added to the already existing diesel
and battery back-up svstems. In this
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Spray Pump
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Minitlow HX
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Turoine Dnven
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Cantainment
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Maotor Dnven
EFW Pumo

Polar Crane

duter
Shieia
3uilging ——a

Crane Wal
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Steam
Line

HVAC
Distribution

Ring f T\
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Spherical containment layout provides a large floor area with most of the
space at the operating deck - where it can be used for maintenance and

refueling activities.

way. the loss of uny critical funcuon
is extremely unlikely. And finallv. to
minimize damage in the event of fire
or sabotage, safety systems them-
selves are contained in separate
quadrants of the plant. An event that
damages one train of a safety svstem
can't reach the others. With design

redundancy in Key plant areas.
urdities are sure to find an exta
margin of safety and reliability never
before possible.

n




What about the relationship
between man and machine

in the ABB-CE System 80+
Standard Design control room?

The TMI accident beightened the nuclear industry’s awareness of the critical importance ¢
the man-machine interface to producing safe, economical power. As a result, the most
dramatic advances in the System 80+ design bave been made where man ultimately faces
machine —in our totally redesigned Nuplex 80+"advanced control complex. What bas

bhappened in the last ten years might best be described as a revolution in the computer/’elec'

tronics industry itself. Computers, mini-computers, programmable logic controllers and a
bost of otber advances bave all belped to dramatically improve the design of the control
room and the way information is presented to the operator. For the System 80+ control roo
it represents a total revamp in the way information is collected, transmitted and processed
Jor use by the operator — processed information that is directly usable by the operator for
monitoring and control of the plant. The result is information that is easier to comprebend:
simpler. but more complete. It’s simpler because computers will reduce the amount of infor-

mation continuously presented to the operator. Yet it’'s more complete because it will allow
access to all plant data at the touch of a finger.
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The IPSC Display

In what might be best described as
the watchdog of the plant. a large.
dynamic displav scresn in the control
room provides an overview of the
plant's status at all times. Named
IPSO. for Integrated Process Status
Overview, the displav can also be
accessed on toucn-sensitive CRT units
throughout the control room and in
the adjacent Technical Support
Center. as well as off site in an
Emergency Operating Facilitv. From
the control room panels. virtually all

New
Nuplex 80+ significantly reduces operator information overioad by using proven techniques.

Oid

available information on the plant’s
status can be accessed. Progressing
from the overview, more detailed
informauon can be accessed on any
particular svstem. Again. simply by
touching a CRT screen. the operator
can further "down-shift” to select
information on individual compo-
nents in that svstem and check for
trouble. Preventing operator overload
and minimizing confusion are funda-
mental to reducing human errors
ducing both normal and abnormal
situations. Through the use of such
vastly improved man-machine
interface features. the operator can
more reliably ke a course of action
10 maintain a safe power producing
mode in the plant.
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The “Big Board” Integrated Process Status Overview (IPSO) is visible through-
out the control room to coordinate staff activities.

Simplifed, Prioritized
Information

Control room 2larms have been
improved in a number of wavs. They
have been prioritized to assist the
operator in determining which
acuons to take and in what order. In
addition, the number of alarms being

displaved has been reduced consider-
ably with lower priority alarms
appearing on the CRT. As with all
other signals, plant data is validated
by computer before the alarms are
activated. The result: simplified,
prioritized information that is easier
to understand and act upon.

Unburdening the Operator

As an example, in earlier control
rooms. there were as many as 19
different gauges to measure and
indicate the varving ranges of pres-
sure 1n the reactor coolant svstem.
The operator was required 1o deter-
mine the most approprate gauge for
a given plant condition. Now' the
number of electronic pressure
displavs on the controi panel is down
to one. with the others availabie at
the toucn of a finger. With micropro-
cessors analvzing and validating
informanon to determine the most
accurate readings. the operator is
unburdened trom the task of sorting
redundant information: a critical
factor in making him more effective
and reliable in his job.

Carefully designed displays are used
to provide information to the user.
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U.S. NRC Issues Final
Safety Evaluation
Report on the System
80+™ Design

On FEBRUARY 28TH THE NUCLEAR REGULATORY
Commission (NRC) scaff issued an advance copy of is
Final Safery Evaluation Report (FSER) on the System
80+ standardized nuclear power plant design developed
ov ABB Combustion Engineering Nuclear Power ro-
gecher with Duke Engineering & Services Inc. and
Scone and Webster Engineering Corporation. The Sys-
tem 80+ design is now sec to receive Final Design Ap-

proval in August of this vear.

{ssued on-schedule and wich il technical issues r=-
solved, the FSER signals a major milescone in an im-
mense licensing proje<r and serves as proot that itis
possible for governmenc and industry to resolve sarery

issues while adhering ro a schedule.

The FSER provides NRC starf acceptance of the
Svsten 30- advanced planc design. Receiving Finai
Design Approval is essencial for ABB's bid to construct
Taiwan's tourth auciear power plant. The Taiwan pro-
ject is due co be awarded in che third quarter or this vear
ind counerv of origin licensing is one of the maior did

requirements.

The Svstem 30+ piant is an evolutionaty design dased
on che threz Svstem 30% units in operation ac Palo
Verde and the four units under construction in Korea,
These Korean units incorporate 1 number of the ad-
vancad feacures ot the Svstem 80+ design. Continued
implemencation of Svstem 80~ technology is unde:
consideration for furure nuciear plant development in

Korea.

Design Certificadion is a process ¢stablished in che U.S.
NRC reguladions which allows tor the pre-licensing of
standardized nuclear power plancs in che U.S. The suc-
cess of the project to license the Svstem 30+ design is
credited to the commirment shown bv all of the in-
voived parties to making the NRC's new Design Ceru-
ficadon process work. Wichout this commitment. and
the spirit of cooperation berween ABB, its team mem-
bers. utilicy advisors, the Department of Energy, and
the NRC, no design, however good. could have hoped

to navigate the new licensing process so quickly.

Standardization and
Design Certification

Planc by plant licensing
meant higher costs

3 Calicy companies
were commutred 0
Jianc construction
derore designs were ii-
c2ased and completed.

? Nuclear vendors
designed oniv a planc’s
nuclear components.

3 Urilines were re-
soonsiole for designing
the Dalance of the piant.

2 Lack of standardized
designs orren meant
iengtny construction
ind liczasing delavs.

3 Delays meanc chac
over half of 2 power
plant’s cost was due to
incerest charges.

2 Operating licenses
were only granted based
upon che analysis of
complerely constructed
slants.

2 Uaiities often had o
make pavments on
completed but inopera-
tive facilides while
awaiting completion of
the licensing procsss.

Design Certification of
standardized designs

saves tme and money

A NRC approval is
granted derore utilities
sommit moaey o
1project.

1 Nuciear vendors
design the eaure
nuclear planc.

3 Nuclear vendors are
responsiole for pre-
iicznsing tneir power
planc designs betore
utilictes commit ro ex-
pensive construction
projecss.

% Utilicies are responsi-
ble for obraining site
licenses.

A Saandardized power
plant designs mean
reduced costs.

3 Sandardized nuclear
power plants are built in

as licde as half the rime.

1 Pre-licensing elimi-
nates Jelays.

NRC's Dr. Thomas Munev.
Direcor of Nuciear Reacicr
Reguiation (left), congratu-
'ates Rooert Newman.
Presicentof ABB CE
Nuclear Systems.

Issued on
schedule and
with all
technical issues
resolved, the
advance FSER
signais a major
milestonein

the nuclear
industry.

Al



The System 80+
Design Certitication

Schedule (per NRC v ,
staft schedule :
SECY-93-097 April 1989 Qcroger
) ) ABB-CE submitted the NRC igsued the last official
System 80+ design for Request for Addibonal
NRC review Information (RAI)

An
Advanced
Control
Room

A new preed of
Control rooms.

The Nupiex 80+ Advanced
Control Complex.

[T USED TO BE THAT “USER-FRIENDLY" wasn 't one of

the arsc onrases one would use o describe tne control

ToOm of & power plant.

Filied with massive amounts of Knobs, switches. and
indicators. conventional nuclear plant conrrol rooms
required from four to six operators. The multiple indi-
cators and alarms sometimes result in an overload
of informartion and
possibie human

error.

The ABB ad-
vanced control room
changes all chat. Smaller in size
and simpler to operarte than current
control rooms, it has been designed

with the needs of the operator very much in mind.

Apnil September
ABB completed The NRC issued as
responses to Dratt Satety
NRC RAis Evalyation Report

ﬁ-u-_d;d
o

The Nuplex 80~ Advanzea Control Complex uses
digital protection. controi and monitoring svstems
basec on proven. commaercially availabie hardware.
Computers collect information about operating svs-
tems and interpret it for the operartor. The readings
from the sensors in the piant are verified and validated
by the compurters. and accurate readings are displaved
on a concrol panel. When a problem occurs, comput-
ers pinpoint the malfunction and alert the operator,
who can then zasiiy aczess additional information on
anv svstem and take corrective action. The confusion

has bezn eliminated.

So etficienc is the control room, in fact, thaticis able

to be run by a single operaror.

The Nuplex 30+ Advanced Control Complex has
been an integral part of the review and approval
process of the Svstern 80+ design. In facy, itis now the

only advanced controi complex approved by the U.S.

NRC.
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NRC approved the

Inspectons. Tests, Analysis.  ABB completad ABB will complete NRC will formally W“

and Acceptance Critena responses 10 all responses to all NAC pubksh the System NRC will issue 2 Nonce

techmeal issues comments and 80+ Final Safety of Proposed

issues Evaluation Repont Rutemaking 10 activety

saek public
Fenauary May AugusT parbcivation in the
NRCsuaff ssuedanacvancecopy  Adwisory CommiteeonReactor  NRC willissue  cersficason process

of e Svstem 80- Final Saiary  Safeguaras will cocument 1ts review
of System 80+ in a letter to the NAC

Evanation Repor

its Final
Design
Approval

In what ways has the System 80+ desugn
evolived from the System 80 design?

Major Enhancements R Alarm prioritization
from System 80 f
Operating Plants : aﬁnoge dependence 0
Nuclear Steam v.al%aa‘g:d”d'm and

Supply System

B Increased margins in
reactor coolant system

B Sensor reduction

B Continuous on-line,
automatic, self-testing

W Built-in expansion
capacity of control panels
and electronic equipment

B Modularity in design of
equipment

B Extensive use of
muitiplexing and fiber
optics

B Improved steam
generator design

B Four-train emergency
core cooling and
emergency feedwater
systems

B Addition of a safety
aeopressunzation system

B Full fiow testing
caoability in all

safeguards systems Radiation Protection

B Reduction of cobaltin
primary system
components

B Segregation of
radioactive from non-
radicactive systems

B Provisions for shielded
maintenance access and
workspaces

B Flushing and/or
decontamination
capability for primary and
radwaste systems

W improved design of
shutdown cooling and
containment spray
systems

B Nonsafety grade
CVCS with centrifugal
cnharging pumps

B Sorgeq reactor vessel

Batance of Plant

B In-containment
refueting water

storage tank

B Use of auxiliary Structures/

transformer to provide Architecture

second source of )

oftsite power H Dual, spherical
containment

8 Four salety bus ) o
arrangement H Entire nuclearisland . .

on common base mat

B Structural boundaries
provide separation of
safety equipment

B Dedicated aisies and %
corridors for operations: =

M Elimination of raw
water within the nuclear
istand

B Spare fesdwater train

W Addition of an
alternate AC power
supply

o

and maintenance access-

M Abundant laydown . .
area near all equipment -

instrumentation and
Controls

B Human Factor
Engineered advanced
control room

B Big board overview
display

Working as a Team
Produces an
Integrated Design

THERE AREN’T TOO MANY PROJECTS which require as

much precise coordination as designing a power plant.

That's whyv ABB put together a single integrated team
to deveiop the System 80- advanced nuclear power
plant. Having evervone on the same team and
devoted to a single project ensured that all of the
different clemencs in the design would fit together

seamlessiv.

When the Nuciear Regulatory Commission (NRC)
licensing review process began. the sheer number of
design dezails required that thev be handled in as
efficient a manner as possible. Issues raised by the
NRC were divided into twenov “chaprers.” the ’

responsibilit for resolving the issues in cach chaprer

falling to a singie "cnapter champion.”

Delegating responsiotlicy in this manner was neces-
sarv in order to meet important deadlines. While each
chaprer champion dealt directly wich his or her coun-
terpart ar the NRC. meerings berween chaprer cham-
pions were held weeklvso as to insure thar design

changes were well coordinated.

Because at ABB, svstem integration isn't an abstract

concepr; it's a daily event.

Big on Safety

When it comes to safety,
there’s little point in
thinking small.

That's why the System
80+ Final Safety Analysis
Report comes in 26 voi-
umes - hardcover, Sub-
mitted to the NRC for
approval. this report doc-
uments all facets of the
System 80+ design re-
lated to safety.

But while those 25 vol-
umes may tell the whole
story. they don't tell how
that story was written.
The NRC subjected the
System 80+ designtoa
tevel of scrutiny hereto-
fore unprecedented: dur-
ing the licensing review,
ABB answered more than
4.500 detailed questions
trom the NRC.

Together. ABB and the
NRC have spent well over
50 million doilars and
one miition hours on the
licensing review of the
System 80+ design.

At ABB, when it comes to
safety, we like 1o think
BIG.

The System 80+
nuclear island,

teaturing sphen-
cal containment.



The three standardized
System 80 units at Palo
Verde Nuclear Generating
Station in Arizona.

Evo|utionary AT ABB. EVOLUTION MEANS STARTING WITH THE Thar's why, when developing the System 80+ nuclear
Desig ns: 33T and improving upon it. power plant, we started with the Svstem 80 design.
Buﬂdmg upon evolutionary forerunner to the System 80+ plant When vou've got something this good. there's no rea-
Excellence

son o start over.

design is the System 80% Nuclear Steam Supply- Sys-
tern. The Svsten 80 design has

demonstrated its soundness through

superior performance and an exem-

plary safenv record.

System 80° Plants Set

. Performance Records
Three Svstem 80 nuclear units

make the Palo Verde plant in Ari- B 1988 Palo Verde generates more

electricity than any other U.S.

zona the country’'s largest nuclear
power faciliey. [n addicion to being
the fAirst standardized nuclear reac-
tors butlt in the U.S.. these three
units have ser numerous safen and

performance records (see box;.

Four more System 80 plants are
presently under construction in the Republic of Ko-
rea. ABB has been involved in a comprehensive tech-

nology wransfer program wich Korean industry since

The System 80-
nuclear power piant.

1987, Already incorpo-

rating many ad-
vanced features
taken from the
System 80+ de-
sign, the first of
these four units will be

loading fuel this vear.

With three unics already operat-
ing and four units nearing comple-
tion, the System 80 design is a

proven success.

B 1990

| 1991

W 1992

W 1993

nuclear facility.

Unit 3 has the fastest start-up
testing and longest initial run in
the U.S.

Unit 3 generates more electricity in
a single year than any other unit in
the world.

Palo Verde generates more
electricity than any other U.S.
nuclear facility.

Palo Verde generates more
electricity than any other U.S.
power facility—nuclear or fossil.

Palo Verde generates more
electricity than any other U.S.
nuciear facitity.

Unit 3 generates more electricity
than any other U.S. nuclear unit.

©Copvaght 1994, Combuston Engineening, Inc. All nghrs reserved.
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ABB-CE’s System 80+" Standard
Design. Easier to operate, easier

to maintain.

Two of the fundamental objectives underlying the improved
design of System 80+ are simple in themselves: Make it easier
to operate and make it easier to maintain. Great care bas
been taken to be certain the operator’s job is easier; that
there is more time to respond and make decisions; and that
the decision-making process itself is simpler and easier -
thanks to the Nuplex 80+ control room. At the same time,
maintenance bas also been made easier. with easier access
to critical components;: simpler designs that are easier to
maintain and scores of other improvements geared to in-
crease plant reliabiiity and reduce the likelibood of operator

or maintenance error.

Separating Safety
and Non-Safety Functions

[n existing plants muny svstems ure
called upon to perform more than
one function. Veryv often. this meuns
performing a saferv function and non-
safetv funcuion with the same piece
of equipment. [n almost all cases
involving the Svstem 80~ Standurd
Design. safetv and nonsafen func-
tions have been separated. making
life casier for the plant operator and
simplifving the muintenance process
as well.

More Room for
Maintenance

The steel spherical containment. in
addition to other advantages cited
earlier. offers another big plus when
it comes to mainienance - more
room. At 200 feet in diameter. it will
be-among the largest containment
structures in the world. Because of
the spherical shape, the operating
deck will be much larger than those
found in any current US plant. This
will mean more space for performing
maintenance activities during sched-
uled plant outages.

Self Testing

In designing the System 80+ control
room, many improvements were
made. One significant change is the
inclusion of self testing features into
many of the plant systems by using
the latest in continuous on-line,
automatic computer aided testing

circuitry. Although it sounds com-
plex, the end result is further simplifi-
cation. Personne! errors. usuallv
associated =~ith maintenance and
testing on plant svstems. a1l be
significantly reduced as a result of

thus procedure. Overall. it will not
only simplify acuvities of plant
personne! but it will also reduce the
number of unplanned reactor shut-
downs due to Operator error.
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3 VPBER-600 NEW-GENERATION ENHANCED-SAFETY
" POWER REACTOR

Pl

; F. M. Mitenkov, G. M. Antonovskii, V. S. Kuul’, Yu. K. Panov,
O. B. Samoiloyv, L. N. Frelov, N. N. Ponomarev-Stepnoi,
§ - N. E. Kukharkin, and Yu. G. Nikoporets

UDC 621.039.58

The present siags of development of auclear power enginesring both here and abroad is characterized by the high-priorics
task of increasing the safety Of Operating auclear power plants and the creation ot reactors of enhanced safety for nuclear power
statiogs of the new gzneration. 1he cutlook for the development of nuclear power is uniquely determined by the possibility

~-
[N

3 guaranteed sarery of the population and environment. A high level of safety is achieved by the improvemeat of active anc

introduction of passive protective and containment systems as well as the successive realization of the concept of inberent sare:-
Tuae creation of new-ganerafion raactors with seif-protection will easure immunity t0 2quipment malfuaction and guman &r7or
limut :pe radiauon 22<is of he most serious accidents. 1ad make it unnecessary (0 2vacuate (e pooulation.

Considerable simplidcation of the svstems by the use of passive safety svstems. economical fuel ¢vcles. modular anc
aigh-quality fabrication. and proven and aigh-longevity 2guipment il make it possible to improve ide 2conomic faciors of ae'x -
Jeneration auciear piants with reaciors of 2nhanced safety.

Toe proplem of creation of & reactor with the highest auainable safety has bezn s0lved successtully as applied w0 iz
reactor apparatus of the AST-300 nuclear heating stanon. 'whose digh safety has be2n condrmed by the 2xperts of the [AEA [
2. Thererore. :be fundamental safetv feagures of the AST-300. such as an integrated reaclor conswucion. the yse of a containmer.

e

vessei. 1nd passive sarety svstems wuth dirferent operaung principles wiih large margins and seif-actuation bave pravided -
2asts for tae $3)-M'W YPBER.S00 2nhanced-safely gower reactor.

Reactor Construction. Tae VPSER-A00 15 1 water-moderated-water-cooled integrated f2acior in 2 conunment vesse
for lecaiizaucn of aczidents associated with Jepressurization ot the 21pes Ot ihe first loop or vessel. Thae integrated impiementati:
is charactenized by e placzment in 3 singie vessel of the core witn working organs Of the corz-coauol svstem +CCSY and =
Beat-excange surracs of the steam zenerator and pressure compensaler. wose tunction is performed by the upper space of :-
reactor vessei above the coolant level (Figs. | and 2). Heat removal from the core is accomplisned Sy forced coolant circuiatic
bv means of e main circulation pumps of the drst loop. wiich are puilt into the bouom of the reactor vessel. The veruc:
centnfugal pump aas 2 hermeticaily sealed electric motor.

Above the core is 3 unit of tubes and devices that seal the fuel-ciement-section caps that contains guides tor the CT

working organs. Coolant is suoplied uniformly to the tupuiar steam-generator systems through opemnys in the intravessei we.
in an annuiar gap berwesn the reactor vesse! and the intravesse!l well at a level above the core is the deat-exchange surfacs of -
once-ibroygn steam generator. which consists of independent secuons. Al the enwrance to the core is 1 pressure Shamber. »0:.
sasures a uniform disiribution of coolant Aow over the fuel-element secuons. Owing to the simolicity of the loop. a higha le-
of oatural circulation is created. which is sufficieat for reliable core cooling in all emergeacy sitwacioas. inciuding ste:
condensation when the water circulation is interrupted.
ﬂ A feawre Of the integrated acrangement is the presence of a large water space berween the core and e reactor vesss
wiica acts 3s a radiation shieid. This reduces the neutron Auence to such an exteat (o 5-10'8 cm™) that changes in the propert
of ihe metal of the -eacior vesse! under the induencs of radiatiog are not a problem. Above the steam generator and below
coolant leve! are heat 2xchanger-condensers for zmergency removal or heat [rom the reacior. whica operate as condeasers wt

the frst loop is depressurized. On the reactor cover are individual slecrromechanical CCS drive mechanisms. by means of wa:
their working organs are moved for control and are dropped into the core in case of emergeacy. [onization chambers are plac
in the spacs berwesn (be inravesse! well and the reactor vessel at the core level.

Special Design Office of Industrial Enginesring. Russian Scientific Ceater “Kurchatov [nstitute.” Translated from Atc
naya Epergiva. Vol. 73. No. 1. op. 6-13. July. 1992.
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Fig. 1. Overall view of VP3ER-500: 1) upper unit: 2) drive mechanmisin of 2ore-2ontrol svsiem: 33 level meter:
1 S’ -

. 3irzactor cover ind vessel: 3) heatexchanger—condenser: T sieam geaerator: 3) unicthat seals fuel-2lement-
secuon 2aps: 9) wntravessel well: 10) core: 11) ionization chamber: 12Y circulation pumps of drst loop.

Fig. 2. Cross-section of VPBER-500: 1) fuel-clement section: 2) sieam-generator section: 3) reactor vessel:
4) pipe Of steam-generator section.

The zore of the VPBER-300 consists of 151 fuel-element seztions with fue! lements similar to those used in the VVER.-
1000. Each fuel-element section contains absorbing zlements — rods with cadimium doride. which are combined in a cluster and
form the working organ Of the sore--ontrol svstem. [n the core of the VPBER-500. the parameters of the rue! lattice are the same
as in the VVER-1000. The boric-acid conteat of the coolant is reduced as compared with the VVER-1000 to easure for the adopted
fuel-lattice parameters negatve values of the steam coerficient of reactivity and the coefficient of reactivity with respect to coolaat
temperature over the saure range Of operating temperatures. Nezative resdback for coolant temperature easures power self-
limiting under smergeacy conditions with an increase in power and temperature in the core: a negative steam coefficient of
reactivity sasures seif-sautdown of the reactor with depressurization of the drst loop. A highiy effective mechanical system is
used (o compeasate tor reactivity in the core. Most of the tuel-clement secuons of the core dave CCS working organs. The
mechanical system makes 1t possible (0 achieve reactor subcridcality in the cold depowsoned state in the abseace orf bone acid in
the moderator with ailowance for suspeasion of the most-etfective organ in the exireme upper position.

The reactivity margin for fuel burn-up is compensated tor jointly by the CCS mechanical working organs, the boric acid

in the coolant. and the seif-snielding bum-up absorber. The use of gadolinium in a mixture wich the fuel is being considered as
an absorber. '

w
w
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Fig. 3. VPBER-600 reactor: 1) main circulation pump: 2) reactor: 3) steam generator; 4) heat
exchanger-condenser: 3) system for continuous heat removal: 6) selt-actuated direct-action device: 7)
intermediate heat exchanger: 8) CCS drive mechanmism: 9) containment vessel; 10) protective envelope;
11} heat-exchanger unit: 12) svstem for emergency boron introduction: 13) container with boron
solution: [4) system for passive heat removal: 13) system for purification and boron compensation for
reactivity: 16) make-up svsiem.

The average core energy is 69.4 kW/liter. and the average linear power of the fuel clements is 114 W/cm. Tae moderats
energy wntensity makes it possible to achieve high heat-engineering margins in normal operation and planned emergencies as »21.
as safety of the :nstallation in unplanned 2mer2encies. To increase fuel bumn-up. provisions are made for rearrangement of iz
fuel-eclement sections with placement of the most burned-up fuel mainly at the periphervy ot the core. which reducss aeuirc:
leakage.

The core allows the realization of fuel cveles with Jdifterent recharging multiplicities and operating intervais betwzzx
recharging. The main characteristics of one of the core-recharging regimes are as tollows:

Core equivalent diameter. cm 305
Core height. cm 353
Number of fuel-clement sections 5
Average enrichment of make-up fuel. % 413
Number of rechargings per run
Interval between reloadings. vears 1.5
Average burn-up fraction or unloaded fuel.
MW-day/kg 50

The reactor and all of the systems that are under the pressure of the first loop during operation and placed in a containmen:
vessel. Location of the reactor in a second strong vesse! designed for the pressure that arises with depressunization of the drs’
loop ensures that the core remains below the water level. prevents fuel melting. and serves as an additional passive barrer c:
containment o( radioactive products. The reactor is located inside a strong and Jense concrete protective envelope.

The development of the VPBER-600 is based on experience gained in the creation and successtul operation of auc'ear-
powered icepreakers and AST-300 beating plants. The engineering solutions regarding equipment such as the leak-proof mair
circulation pumps. the once-through steam generator. the containment vessel. and the passive self-actuating devices bave besr
reliably assimilated and mastered. The leak-proof main circulauon pumps. whose loading is not less than that of the pumps o
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the VPBER-600, have been thoroughly developed and tested in nuclear-powered icebreakers for more than 20 years with more
than 100,000 hours of operation without 10ss of performance. The technology of pump fabrication has been mastered, especially
in mass production. The design of the oace-through steam generators has been checked experimentally, and the steam generators
have undergone comprehensive tests and operated with the required characteristics in nuclear plants. The techaology of fabrication
of steam generators with a large aumber of steam-generating elements bas besn mastered and the mass production of such elements
has been organized.

Acontainment vessel of similar construction is used in the AST-300 and has been thoroughly checked and in substantiation
of the design and acceptance tests. Compartments for transport auclear power plants whose size and materials corresponds to
those of the containment vessel of the VPBER-600 are being manufactured. Passive self-actuated devices such as pressure-
operated circuit breakers, hydraulically controlled pneumatic distributors, and membrane fuses, which are widely used in the
AST-500 and ouclear-powered icebreakers. have been tested and accepted for production. The principal techaological problems
associated with reactor-vessel fabrication bave been solved. The design of the VPBER-600 equipment permits thorough bench
testing of individual elements, sections. units. etc. with confirmation of all specifications before being put into operation at a
auclear power station.

Layout of Reactor. The VPBER-600 is a two-100p water-moderated—water-cooled integrated-vesse! reactor (Fig. 3). The
first loop includes the main circulation loog. which is located inside the reactor vessel. as well as systems for pressure compen-
sation. coolant purifcation. and liquid-absorber extraction. This loop is serviced by systems for water preparacion. flling, and
make-up. sample taking, air removal. and drainage. The second loop consists of 12 independent steam-geaerator sections with
independent water supply and steam removal bevond the containment vessel. The steam-generator sections are joined in four
loops. through which the steam is delivered to the wrbine. from which the supply water is returned. The heat-enginesring
parameters ire maintained by means of the dow rate of supply water through the steam geaerator and concrol of the drst-loop
temperacure.

The accepted statistical parameters are close (0 the natural characieristics that correspond to setf-regulation and 2asure
the prassure in :be reactor changes insignidcandy with various load combinations. Nonnal cooling shut-down is accomplished
by (ke circuiation of supply water (irougn t‘t‘xe 5team genera(or with steam ejection into 1 special wecanological condenser. Tae
principal characteristics of the VBBER-600 are as follows:

Heat power. MW 1300
Eleciric power. MW 530
First-loop <oolant sirculaton foreed

First-loop coolant parameters:

oressure. V(Pa 15.7
temperature it core ntrance. °C 943
temperature at core exit. °C 323

Second-loop paramerers:

steam output. tons/h 3550
superheated-steam pressure. MPa 6.5
superfieated-steam temperature. °C 503

Power-variauon range. %N m 30-100
Operatiny life. vaars 60

Maximum earthquake rating on MSK-64 scale 3

Safety Systems. The reactor scram svstem is designed to stop. slow down. or limit the chain reaction in an emergeacy
situation or with deviation from normal operating conditions. This is achieved by sending the corresponding instructions to the
core-control systems and by subsequent insertion into the core or prevention of extraction of the working organs. The bighest
level ot protection provides for the 1aseruon at maximum speed of all CCS working organs (dropping by decnergizing the drive
motors). The protection is aciuated with emergeacy levels of reactor power or doubling ume. overpressurization or depressuriza-
tion of the first loop. an zarthquake. the 10ss of station clectrical power. cessation of supply-water delivery, or pressing of the
SCRAM buteon in the main or spare conuol panel.

An important feature of the VPSER-500 is the use of self-actuating devices thac deenergize a part of the CCS drives that
ts sufficient for functioning of the safety svstem. bypassing the automatic circuit for the direct adtion of pressure in the reactor
or containmeat vessel. A system for emergency boron introduction brings the core to a subcritical state and holds it there when
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Fig. 4. System for emergency heat removal: 1) cooling water: 1. 3) systems for continuous
and passive heat removal. respectively.

the reactor is in a cold or depotsoned state in case of aonactuation of the CCS drives and consists of two containers with doron
solution. One of the vontainers ts acuvat%d by openinyg a paeumatic Attng in he pipes connecung the container with boron soiution
{0 the reactor or by rupture Of the membrane bv the direct action Of pressure in the reactor. The boron sclution is fed by gravity
into the core arter 2qualization of the prassure in the reactor and the container by piacement of the latter apove the reactor. The
second container, waicl is designed for reactor shut-down in amergencies associated with depressurization of the drst 100D. is
passivelyv activated by the hydraulic-accumulator principle.

The passive svslems {Or eMergency heal removai include iwo deat-¢xchanger units. vhuch form svstems for ccalnuous
and passive heat removal. ¢ach of which transters the heat to reserve-water (anks. The svsiems [0f conunuous and gassive deat
removal operate Dv natural coolant circulanon «Fig, 4). The heat is exiracted through an intermediate icop at a gressure higher
than that in the reactor. The system {or conunuous heat removai functions constantlyv. The Beat removed dy the system irom :ae
reactor in normal operation heats the suppiv water of the steam generators in the intermediate heat sxchangers. The system {or
passive heat removal is acuvated in aa emergency by the opening of valves in (he pipes that drain the water from :he water Beat
¢xchangers on signals from the automatic-control svstem oOr directly {rom tbe action of pressure or the water level in the reactor.

With shut-down cooling. the aeat removed from the reactor bv the heat exchanger—condensers of the systems for passive
and coaunuous heat removal is transterred (o the reserve-water tanks. through waich the process water circulates. in case ot
c2ssation of process-water circulation. the heat is removed by the 2vaporation of water [rom the tanks. Tiue water reserve in one
tank is surficient for shut-down cooling over a period of 3 Jays: the water in the two tanks. a period of 7 Jays. Air deat 2xchangers
can be used for a limited time (0 remove heat from the reacior after the water has bezn evaporaied from the (anks.

The rrst loop is protected from overpressurization withous the ejection of radioactive coolant by the reliable removal of
heat from the core by the sysiems for continuous and passive heat removal. However. considering the fast dynamics that is
characteristic of installatons with forcad coolant circulation. to limit the running out of pressure. relief valves are provided that
¢ject the vapor—gas mixture from the pressure compensator of the reactor into the boron container or containment vessel without
the escape of radioacuve coolant from the reactor.

The reacior s decompression svstem iy designed ror 1n unplanned emergency with depressurizadon in its lower part. Wi
an increase in the pressure in the containment vessel and a considerable reduction of the coolant level in the reactor. the direct
srfect or these parameters opens the decompression vaives in the pressure compensator. which equalizes the pressures in the
reactor and containment vessel and stops [eakage.

Localizing Safety Systems. The conwinment vessel is a passive protective and localization device that ensures safety
when pipes are ruptured or the reactor vessel is depressurized within the limits of the technically possibie value. It is designed
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for the pressure produced by depressurization of the first loop and serves as a means for keeping the core below the water level,
shut-down cooling of the reactor. and containment ot radioactive products.

The localization sysmm_switchcs off the steam generator in case of failure of the seal of its heat-exchange surface or
pipes. Each section of the steam generator has an electrically driven localization system. which is welded to the containment
vessel. Each loop has two paneumatically driven localization systems, one of which is actuated by signals from automatic-control
systems while the other is activated by automatic-control systems and a direct signal indicating level reduction in the reactor,
and a check valve and a pneumatically driven localization device are mounted on the supply-water pipes.

Safety. The safety concept of the VPBER-600 is a combination of internal self-protection and passive safety systems.
The physical properties of the core and the characteristics of the pressure compensator allow shut-down or power limiting without
the use of the scram system. owing [0 swong negative power-boiling fesdback. The system for continuous beat removal is
constantly in operation and therefore does not require actuation of any devices when emergency shut-down cooling is required:
the similarly implemented self-actuated passive heat-removal system guarantess highly reliable emergency heat removal. The
drst-loop coolant of the VPBER-600 greadly increases the total heat capacity of the system, which is capable of storing the residual
beat release of the core. which provides large time reserves for the realization of emergency control measures. The integrated'
implementation principaily eliminates the accident classes of large and moderate leakage when the first-loop pipes are ruptured.

Placement of the reactor in a sirong containment vessel ensures that the core is kept under water with any rupture of the
drst loop. which prevents fue! melting. The containment vessel ts an additional passive barrier for localization of radioactive
products.

An attractive property of the VPBER-600 is self-realization of a safe state. The inertia of the reactor and the large amouat
of time available in severe emergancies !eave no doubt that personnel will be abie to control accidents and serve as a guarantes
of safety. The probabulity of an accideat with severe damags to the <ore of the VPBER-600 s less then 10~} per reacior-vear.

The design measures that have Se2n taken 1nd the gualitatively aew {evet of saretv zliminate the question of disiance in
the location of a power plant with 3 VPSER-300 reactor. make it unnevsssary (0 evacuate the population. and allow the power
plant {0 be located in the immediate vicimuy of cities and other large energy consumers and used for the compined production of
slectrical 2aergy and heat. The design and safety concept of the VPBER-600 characterize i€ 3s 1 new-generation nstailauon o
snnanced sarety. The features Jf (he intezraed reacior. which prevent accident classes of large and moderate (eakage. and the use
Of passively funcuioning and activaced svstems for smergency shut-down cooling determine s higher level of safety as compared
with foreign instatlations of tvpe AR-300. The problems issociated with the Jevetopment and creauon of the 2quipment and the
reactor as a whotle have besa solved.
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INTRODUCTION

The Project Summary Network shown on the attached Figures is typical for that of any
large nuclear power project. The specific dates and the actual durations of individual
activities are dependent on the overall contract schedule. Nevertheless, the activities
shown and their relationship to other activities would, in general, be the same for any
project. Each project will have unique characteristics depending on the country, its nuclear
industry infrastructure, and the contractual arrangements for the project. Some projects
have a requirement for significant localization of manufacturing, equipment supply, and
site labor. Other projects are on a turnkey basis with no localization mandated. All such
issues will result in unique characteristics of the project, including the actual project
schedule.

For the overall project summary shown in Figure 1, the licensing portion of this figure
should be ignored. This portion of the schedule was established for a specific country
who has a unique licensing process.

The Project Summary schedule shown in Figure 1 has been developed specifically for the
System 80 + Standard Plant Design. There are some unique features of the System 80 +
design that are not applicable to other designs. These features, e.g., the incontainment
refueling water storage tank, will result in slightly different relationships within the
construction sequence. Nevertheless, the overall schedule is representative of any major
nuclear power plant project.

Overall Summary Program

The overall summary program is presented in a format referred to as the Project Summary
Network (PSN)} (Figure 1, 3 sheets). The PSN is a schedule of activity at the total project
level that displays the significant stages together with identification of key events and
milestones against a calendar time scale.

The PSN divides the total project scope into the main work group elements. Major tasks
within each work group are identified together with logic ties that indicate the significant
relationships between specific tasks and events. These are: Licensing, Engineering &
Procurement, Construction, Commissioning. The intervals between contract placement
and start of site activities are clearly identified. The major constraints to the start of major
areas of construction work, including major equipment deliveries, are shown. Whereas the
summary program results in station operation in the year 2005 given the constraints
imposed by first completing initial licensing and contract negotiation, the primary critical
path through the project begins with site preparation. Early release of engineering and
procurement for long lead items can result in a corresponding improvement in this
schedule.

Since this schedule is at a summary level, it does not reflect the effect of different sites.
Site differences would appear on schedules reflecting a higher level of detail. Such
differences would not impact the overall project duration from authorization to
commissioning.

INTRO.wp 1



Supporting Programs

The work that is described and scheduled in the Project Summary Network at a relatively
high level is defined in greater detail in individual schedules for each major area. These
programs are Level Il and Level lll Network Schedules. Each sublevel schedule breaks the
activities down by primary work groups shown by the higher level schedules and shows
the work in greater detail according to lower elements in a Work Breakdown Structure.
The activity durations shown on the Level Il correlate exactly with the corresponding
summary activity durations, logic ties, and major milestones shown on the Project
Summary Network. Level lll relates work elements to components and resources, etc.

Design_Programs

The major engineering work shown is reflected by the Engineering and Procurement
Section on the PSN. As an example of a design program, at the next level, Figure 2
illustrates various design activities for the Nuplex 80 + ™ advanced control system and
covers both software and hardware development, documentation and testing.

At the next level down, individual design activity would be further separated by phases of
the design process, i.e., calculations, modelling, and drawing production, with preliminary

and final issue dates, and specific vendor and station interfaces.

Ordering and Manufacturing Programs

A schedule showing the major NSSS and long lead equipment procurement,
manufacturing, and delivery activities is shown on Figure 3.

The schedule is grouped by major component, and organized according to equipment type
and purchase order. Key events in the procurement process, including specification
development and required order dates are indicated. Following procurement, the
manufacturing process is shown including dates for engineering and fabrication, fabrication
and delivery lead times, and required at-site dates.

In sublevel schedules, key events are coded so that they can be related to corresponding
events on other schedules, especially those for design and installation. The schedules are
resource loaded in order to produce a table of the expected manpower levels required
throughout the procurement and manufacturing process.

Construction, Installation, and Setting-To-Work

The Construction schedule is also shown in the PSN and has been developed to cover the
construction work on all buildings and structures, including plant system and equipment
installation, and the release and turnover points for each system. Key construction
milestones are identified and coded so that they can be related to corresponding events on
the Project Summary Network, and other Level Il Schedules.

The schedule identifies basic temporary work and all required site services during
construction. The schedule also identifies the start dates of all civil work, foundation
pours, steel erection by building, building internals and setting to work by building. Start
and finish dates are shown for piping systems, building services, electrical cable
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installation, controils and instrumentation installation. Dates for building enclosures,
required services and terminal point releases for interfaces to work outside of scope are
also be indicated on the schedule.

Construction has a duration of 54 months from first concrete to fuel loading. Once begun,
the critical path is through the nuclear island concrete, containment sphere, primary loop
components and the reactor shield building.

The Construction Schedule is labor intensive due to the short schedule duration. Two
shifts have been assumed to reduce the manpower density. As usual for construction,
civil work is followed by mechanical, electrical, and instrumentation and controls erection
and installation. The construction organization will perform component tests as hydro
tests prior to turning systems over to the commissioning organization.

Overall Commissioning

The Commissioning Program Schedule is reflected in Figure 4. The schedule shows all
testing and key start-up activities. A system by system program with further breakdowns
by sub-system where necessary would be developed as part of a detailed commissioning
schedule and include the operator training programs. All activities are totally integrated
both within a system and to other systems, and integrated with other final plant activities.

The schedule correlates with the turnover points indicated on the construction program as
well as showing the major events and milestones reflected on higher level schedules.

Commissioning activities will begin approximately 36 months before fuel load. All system

tests will be performed. The NSSS testing will include cold hydro and hot functional
testing prior to fuel load.
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- It i¢ considered that the substitute energy relevant to the
elec:ric output of 60 MW and 200 MW power plants is to be

gupp.ied.

- Electricity per annunm

. Output : 250 MW

. Operating time ! 7000 hours
. Electricity : 250 MW x 7000 hres =

1,760,000 MWH

- Amount of heavy oll for electricity per annum

In case the heavy oil consumption per KWH 18 290 g,

290 g/KWH x 1,750,000 H = 600,000 t/annum (e
: & o

Vo, 00" A R TN S S L Y My B | 0~k (LbT amv 7’""";
In case the heavy oil consumption per KwWH is 300 g,

300 g/KWH x 1,750,000 MWH = 520,000 :/annum



CONVER1.DOC September 15, 1994

SUMMARY CONVERSION TABLE

A plant with capacity of: Can generate:

1 Megawatt 8.760 x CF million kwh/yr
where CF = capacity factor

Fuel required to gemnerate: Requires:

Tt P e R

1 million kwh of electricity... 1,744 bbl cfude oil

@ 5.93 million btu/bbl
@ efficiency of 0.33

or 277.3 cubic meters of oil
@ 5.93 million btu/bbl
@ efficiency of 0.33

or 41%.72 metric tons coal
@ 24.87 million btu/bbl
@ efficiency of 0.33

or 2,605.3 million kcal
@ efficiency of 0.33

1 million kwh/yr 4.778 bbl crude oil/day

or 1,744 bbl crude oil/yr

or 277.3 cubic meters oil/yr
or 415.72 tons coal/yr

To convert from: To: Multiply by:

cubic meter oil barrels oil 6.29

bbl oil BTU 5.93 million

bbl o0il Kcal 1.494 million

ton of coal BTU 24.87 million

ton of coal Kcal 6.267 million

Kcal BTU 3.968

bbl of o0il tons of coal 0.2384

cubic meter oil tons of coal 1.500

tons of coal bbl of oil 4.194

tons of coal cubic meter oil 0.6668



Converting Power Plant Output to a Fuel Input Requirement:
Kwh/yr output to barrels or kiloliters of oil:

Two key factors effect the exact conversion factor:

1) The energy content of the oil (million BTU/bbl)

2) The conversion efficiency (EFF) of the power plant
(fraction between 0 and 1, often near 0.33 for
coal and oil plants)

Note that 1 kiloliter = 1 cubic meter = 6.29 bbl

Assuming o0il with an energy content of 5.93 million
btu/bbl and a power plant conversion efficiency of .33:

1 million kwh/year translates into:

1 million kwh/yr
x 3412 BTU/kwh
xX(1/0.33)
10,340 million BTU/year
x (1 bbl/5.93 million BTU)
1,744 bbl/year o~ Gl st doas/ won (cmde 02
x (1 year/365 days)
4.778 bbl/day
x (1 kiloliter/6.29 bbl)
0.7596 kiloliter/day

If the efficiency is 0.35 instead, then multiply the above
figures by .33/.35=0.9428. 1In other words, with a 35%
efficient plant you need only 94.28% as much fuel as with a
33% efficient plant.

If the oil has an energy content of 5.80 million btu/bbl
instead of 5.93 million btu/bbl, then multiply the above
figures by 5.93/5.80=1.0224. 1In other words, with a lower
energy content of the o0il, we need 2.24% more harrels to
supply the necessary energy.



Converting Power Plant Capacity to Output:

Power plant capacity is measured in Megawatts (MW)
Power plant output is measured in kilowatt hours per
year (kwh/yr), or some power thereof.

No power plant can operate at 100% capacity all the
time. It must come down for maintenance and repairs, and it
may be throttled back during periods of slack demand. The
capacity factor (CF) expresses the fraction of time (between
0 and 1.0) that the plant operates, on average.

1 MW capacity translates into:

1 MW
x (CF)

X 24 hrs/day

x 365 days/year

8760 Megawatt hours/year x CF
8760 Mwh/yr x CF
8760 thousand kwh/yr x CF
8.760 million kwh/yr x CF
0.00876 billion kwh/yr x CF

Example:
A 1000 MW plant operated at 80% capacity would
generate how many million kwh/yr?

1000MW x 8.760 million kwh/yr x .8
= 7008 million kwh/yr

2wz 1MSO  wllign Kwhfur



