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AGREED FRAMEWORK BETWEEN 
THE UNIT.ED STATES OF AMER:ICA ANO 

'!'HE DEMOCRATIC PEOPLE'S REPUBLIC OF KOREA 

Geneva, October 21, 1994 

Deleqations of the Goverrunents of the United States of 
.l\lnerica (U.S.) and the Democratic People's Repub1ic of Korea 
(OPR.K) held talks in Geneva from September 23 to October 21, 
1994, to negotiate an overall resolution 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 upholdinq the principles of 
the June 1l, 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: 

r. Both sides will cooperate to replace the DPRK 1 s 
graphite-moderated reactors and related facilities vith 
liqht-water reactor (LWR) power plants. 

1) In accordance vith the October 20, 1994 letter of 
assurance from the U.S. Pre&ident, the U.S. Vi11 
undertake to make arrangements tor the provision to 
the DPRK of a LWR project with a total 9eneratinq 
capacity of approximately 2,000 MW(e) by a target 
da.te of 2003. 

The U.S. will organize under its leadership an 
international consortium to finance and supply 
the L'WR project to be provided to the DPRK. "The 
U.S., representinq the intl!%'naticnal consortium, 
will serve as the principal point of contact 
with the OPRK for the LWR project. 

The U.S., representinq the consortium, vill ~ake 
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 beqin 
as soon az 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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~) In accordance with the October 20, 1994 letter of 
assurance from the U.S. President, the U.S., 
representing the conscrtium, vill make arrangements 
to off set the energy f oreqone due to the freeze of 
the DPRK's graphite-moderated reactors and related 
facilities, pending completion of the first LW'R unit4 

Alternative energy vill De provided in the form 
of heavy oil for heating and electricity 
production. 

Deliveries of heavy oil vill begin within three 
months of the date of this Document and will 
reach a rate of soo,ooa tons annua.1ly, in 
accordance with an aqreed schedule of deliveries. 

3} Upon receipt of U.S. assurances for the provision of 
LWR's and for arrangements for interim energy 
alternatives, the DPlU< vill freeze its 
graphite-moderated reactors and related facilities 
and will eventually dismantle these reactors and 
related facilities. 

The freeze on the DPRX's qraphite-moderated 
reactors and related facilities will be fully 
implemented within one month of the date of this 
Document. OUrinq this one-month period, and 
throughout the freeze, the International Atomic 
Energy Agency (IAEA) vill be allowed to monitor 
this freeze, and the DPRK Yill provide full 
cooperation to the IAEA for this purpose. 

Dismantlement of the OPRK's graphite-moderated 
reactors and related facilities vill be 
completed vhen the LWR project is completed~ 

The u.s. and the DPRX will cooperate in finding 
a method to store safely the spent fuel from the 
5 MW(e) experimental reactor durinq the 
construction of the LWR project, and to dispose 
of the fuel in a safe manner that does not 
involve reprocessing in the DPRK 
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4) 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 qrapbite-moderated reactor 
program with the LWR project. 

At the other set ot talks, experts will discuss 
specific arrangements for spent tuel storage and 
ulti~ate disposition. 

II. The two sides vill move toward full normali~ation of 
political and economic relations. 

1) Within three months of the date of this Document, 
Qoth sides will reduce barriers to trade and 
investJnent, includinq restrictions on 
telecoltllllunications services and financial 
transactions. 

2) Each side will open a liaison office in the other's 
capital following resolution of consular and other 
technical issues through expert level discussions. 

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

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

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

2) The DPRK will consistently take steps to implement 
the North-South Joint Declaration on the 
Denucleari2ation of the Korean Peninsula. 

3) The OPRK will engage in North-South dialogue, as 
this Agreed Framework will help create an atlnosphere 
that promotes such dialogue. 
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IV. Both sides vill vork together to strenqtben the 
international nuclear non•proliferaticn req.ime. 

l} The OPRK will remain a party to the Treaty on the 
Non-Proliteration or Nuclear Weapons (NPI') and will 
allov iIDplementation ot its safeguards aqreement 
under the 1'reaty. 

2) Upon conclusion of the supply contract for the 
provision of the LWR project, ad hoc and routine 
inspections will resume under the DPRlt's safeguards 
agreement vith the IA.EA vith respect to the 
facilities not sUl:>ject ta the ~reeze. Pendinq 
conclusion of the supply contract, inspections 
required by the IAEA for the continuity of 
safequards vill continue at the facilities not 
subject to the freeze. 

3) When a siqnificant portion of the LWR project is 
completed, but before delivery of key nuclear 
components, the DPlUt wi11 come into full compliance 
~ith its safeguards agreement vith tbe IAEA 
(INFCIRC/403), including taking all steps that may 
be deemed necessary by the IA.EA, follovinq 
consultations vith the Agency vith regard to 
verifyin9 the accuracy and completeness of the 
DPRR's initial report on all nuclear material in the 
OPRK. 
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NORTH KOREA 

Q: Doesn't this agreement amount to a bribe to North Korea to 
meet its existing nonproliferation. obligations? 

A: - - N.o. Under the agreed framework, North Korea will take 
steps that go far beyond its requirements under the NPT. 

It will freeze a·nd eventually eliminate its. graphite-· 
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 safeguards. They will 
eliminate the major threat to our security and that of 
South Korea created by the very existence 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 regional tensions and the risk 
of war. · 

< 

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

•, 

,A: The most important thing is that we've got the North to 
accept the principle that it must resolve concerns about 
past compliance, through special inspections, if 
necessary. 

I 
We've always said we could be flexible about the.timing 
for this step. .. The evidence contained in the waste sites 
is not perishable. 

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 oil and non-nuclear components of the LWR, like 
electrical generating equipment. 
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Q: Why have you made so.many concessions to North Korea?. With 
their new government on shaky ground, isn't this a time to be 
tough with the North? 

A: As we've said all along we would do, we have been firm 
and ciear on our objecti~es, but flexible about the 
timing and sequencing to meet those objectives. 

We have made no concessions to North. Korea on our key 
goals: no further separation of piutoniiun, an ~nd to the 
current North Korean nuclear program, the eventual 
transfer of North Korea'·s spent fuel,. full compliance by 
the North with its nonproliferation obligations, 
including resolution of concerns about the past,_ 
implementation or the North-South Denuclearization 

- Declaration and r~sumption of North-South-dialogue. 
. "1 .: . . 

The cooperation with the- North on LWRs and alternative_ 
energy envisaged under the, agreed framework .. is not a 
concession, but a reasonable, carefully structured 
program aimed at replacing the North's ex1.sting; 
dangerous nuclear_ program and helping to bring North 
Korea out of -its current isolation. . . 

Q: Doesn't delaying special inspections damage the credibility 
of the NPT? 

A: On the contra try, ·our . de.alings with Nor17h Korea 
demonstrate clearly that the international community is 
prepared to stand firmly behind the treaty, and to insist 
on compliance. 

Q: Aren't some agencies dissatisfied with the agreement? 

A: As the President said, all of his senior advisers 
. recommended going forwprd with the agreed ·framework. 



ALFONSE M. D"AMATO · · (i \ ,...,..,.. 

tlnitd ~tattl ~matt 
WASHINGTON, DC 2011~202 

October 19, 1994 

The Honorable Wiiiiam J. Clinton 
President o1 the United Stat88 
The White House 
1800 Pen111ytvanla Ave., NW 
Washlngton1 D.C. 20800 

Dear Mr. President; 

We write today to express our deep concern that the U.S. • North Korean 
negotiations In Geneva1 Swftterland, have achieved an unacceptable resolution 
to the Issues arising from North Korea's nuclear program. We strongly urge you 
to reconsider It and send the negoUators back to the table seeking a deal that 
wm protect and advance u.s. Interests In achieving a non-nucrear North Korea 
that Is In full compliance wtth 118 lntemattonal Obligations under the NPT and tts 
agreement with South Korea to denuclearize the Korean Peninsula. 

Ambassador Gallucci returned to Geneva last week attar consultations In 
Washington to offer addlttonal conC8881ons to North Korea. These concessions 
wlll reportedly reeult In delaying special lnspecaona of the two suspect North 
Korean sites unUI five years from now or When tne flrst of the llght water 
reactors we propose to supply North Korea I& seventy-five percent complete. 
Addltlonally, the accord oommfta the Unneel Slatee to eaae trade restrictions on 
North Korea Within three months1 pledges to arrange for 500,000 tone of oil 
shipments annually to North Korea, and proVldes tor opening a diplomatic 
11a1aon otnoe In Pyongyang. Moreover. thee• concaealona Wiii allow the spent 
fUel rods North Korea removed from Its graphite-moderated reactor to remain In 
North Korea under IAEA safeguards for a pMod of years. 

These concessions 86&ent1any reverse longstanding U.S. pollcy 
concerning North Korea. We will have vitiated through SUbStanlal delay the 
IAEA speclal Inspections process, leaving unresolved the question of how much 
plutonium the North recovered when It previously reprocessed fuel rods, and left 
In North Korea's hands the potential to trigger a major International crisis by 
raprocealng the spent fuel rods still under Its control. In addition, we wlll have 
undermined the IAEA's credlblHty and made future special Inspections of 
suspected violations virtually Impossible by negotiating over IAEA's head and 
<1et1nlng the terms of the special Inspection regime bilaterally. 



la! 003 
10/21/94 10:09 

10/21/94 15:17 ND. 004 P0Ei2 

STA'l'EMEN'I' 

After many months of neqotiations, the u.s. and DPRX 
have today concluded an Agreed Frallework, which provides 
for an overall resolution of the nucloar i~sue on the 
Korean Penin5ula. The ~laments or 'this resolution include 
a step-by•step proce~s to ultimately convert the DPRX's 
graphite moderated reactors to light watar reactors 
tw~RR~ and ~o bring the DPRX into compliance with its 
intel:?lationai non-proliferation commitmenta. 

Beyond thes~ ~eehnical details, the aqreement also 
holds forth the prolllise of greater stability and 
prosperity in Northeast Asia. As the nuclear issue i3 
resolved, opportunities will open for improved political 
and economic relations between 'Che U.S. and DPlUC and 
between thQ DPRK and other countries in the region, 
especially the ROK and-3apan. 

It is our hope that a resoluticn of t:.he nuclear issue 
will create an atmosphere for both peaceful. change and 
economic development in the region. 

Minister Kang and I -- and our respective qovernments 
-- have worked hard to achieve aqreement on this document. 
More hard work lies ahead to implement this complex avree- fCOiN.wo~~ 
ment. We need to build a record, over the ~~nths and years 
ahead, of compliance, if we are to establish ~ basis for 
trust.. 

Today we have made a qood bcqinning. We pledge our 
best a~fcrts to implement the provisions of this Framevork 
Document in the hope that it becomes one piece in a mosaic 
or peace and prosperity for Northeast A&ia ovar the ye~rs 
ahead. 

~· .N\ P eorce------o · . ..J ,, •. 

l 6 Sa1Y1ofe.-
a.1'-" f Ro(f'): u 

s+<I(~+. 

Tam Do~~ /ol"J 
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x x x options. 

As more and more middle-income Americans will discover, this is a 
very qood deal, which is a very important part of America's 
long-term strategy for economic health. 

Iii 002/002 

Unfortunately, there are those who don't support this appro.ach 
and want to take us back to the days when workinq families couldn't 
afford to send their children to college. Every single one of our 
political opponents voted against the colleqe loan reform plan. 
Most of them have no siqned a contract tellinq us what they would 
do if they controlled Congress. They would qive 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 loan programs for three million American 
student borrowers eve~ 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 16-year-old boy named Artur Orkeesh (sp), who immigrated 
here from Poland just four years aqo, attends Elk Grove school in 
Des Plains, Illinois -- here's what he wrote me about his dream of 
qoing to college: 

"Since I came to the United States, my dream ha.s 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 qet 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 massage, and the 
Individual Education Account will help you qet 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 s re of 

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

nuclear energy it is losing, and they will pay for an alternative 
power sys em or No Korea that will allow them to produce 
electricity while making it much harder for them to produce nuclear 
weapons. 
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U.S.-DfBK AGREED FRAMEWORK 

On October 21, 1994, after sixteen months of negotiations, 
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 (N:E'T). 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 othec steps 
deemed necessary by the IAEA before tt 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 question of what North Korea did in the past can be 
resolved by Lhe 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 
safeguards 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 fill compliance with its IAEA 
safeguards obligations will beltaken care of';. 

\C'So[J~\ 
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The f_.r_e_s.en..t. 

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 fro2en: 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 monitorea 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). If those reactors were to be completed, they 
would produce hundred~ ouilograms of plutoniu~ a year. 

~ - - \,-,(/ I (; .\'\...... ~rt>&S<;. 0 ,L.,.J~ - -
The co~st Uc:tion of those reactors will be frozen, and 
along · h all other~,facilities currently existing in North 
Korea, will be disma tled over the course of construction 
of the LWR project. That is to say, the 5 MW reactor, the 
reprocessing f acilit , the 50 MW and 200 MW reactors all 
will be dismantled. ,e~ 

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 second LWR unit is 
completed. Dismantlement means disassembly or destruction 
so that components and equipment are no longer useful. 

In addition, the s~nt fuel in the pondrnot only will not 
be reprocessed, but:f 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. 

~003 
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Liaht-=.Water Reactor CLWRL.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 i.n achieving 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 Republic of Korea, with help from 
Japan and presumably other countries as well. 

Alternative Energy 

The Agreed Framework also pro~j_des 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 oil annually for use in a specific power plant (50,000 
tons in the first three months, nnd 150,000 tons in the 
first year of the agreement). 

Political Aspects 

The Agreed Framework will draw North Korea out of its 
dangerous 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 as issues, 
for example, with respect to consular activity and access, 
are resolved. There is also a commitment on the part of 
the U.S. and DPRK to move to full diplomatic 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. 

141004 
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We plan to reduce economic and financial restrictions 
selectively on U.S. citi~ens' dealings with the DPRK, in 
close 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 
~ignatories\ 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 Ko!ean Peninsula. North Korea 
also will take steps to implement the North-South Joint 
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. 

~005 
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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] 
1)\ ..,- · lTurbine casings 

f'l/ Generators 
~ ~Condenser tubes and related 

Feedwater pumps and related 
&to~~.· ' Electrical switchgear 
Y\ ~~ Electrical controls 

v \~ ,,-1.."6 Water cinlet system I I I l -
"" V" O\-h~ ~ ~....k. l c.ooh'~ ~~ Cool;v-.t w~ ~"':.~ '°' 

6. Construction of turbine building 0 ) 

eliver building materials 
ootings/mountings 

Civil construction 
Water treatment equipment 
Electrical supply equipment, cable/wiring 
Communications and control equipment 
Wastewater treatment equipment 
Heating, ventilation and air conditioning equipment 

~n'~~ 
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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 vend 
Fabrication of pressure vessel, steam generators, primary 
coolant pumps, heat exchangers, control element rive 
mechanism, instrumentation and control, 
[turbine-generator set], other equipment for future 
delivery to DPRK. 

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 
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POINT PAPER 

DPRK ENERGY ASSISTANCE PROGRAM 
LWR Construction Sequence Eva1uat1on 

Question: What percentage of nuclear plant construction complet1on Luuld be 
achi~ved before the first major piece of U.S. eq~ipment would have to be 
prov1~ed under the following scenarios: 

SceTiario 1 · South Korean supplied NSSS ~1th the us supplying l1m1ted 
propriP.tary components. 

Scenario 2 - US supplies com~lete NSSS. 

Scenario j 

The first component $UppliAd by the,US.that would be required by a typical 
construct ion schE:dul e would be the Reactor Coolant Pumps:' These ar~ typ;cally 
~ct alorg with the other major NSSS component (eq. RPV or S/Gs) which would be 
at the 5~ completion mark for tl)e first ur'\1t {35% total completion tor a Z 
unit project) or three (3) year~ into the construction schedule and three (3) 
years from fuel load. Assuming two - three mor.ths for shipping, receipt 
inspect~on5 a~d construction pr~paration~. the RPv could be shipped when 
overall construction completion is approximately 40-45% of first unit (25% 
totol for 2 u~it project), or approximately 33 months after construction has 
started. 

Option 

The point at which the instaliation of the reactor coo1ant pumps are required 
ccu1d be delayed unt1l the BO% completion mark for th~ first unit (553 total 
fer 2 unit project) or four and one half (4 1/2) years into the sch€du1e. This 
cou1<l be accomplished if the constructiQn i~qu~nc@ and ~~hedule was ~1ann~d 
and optimized for this scenario. 

Scenario 2 

ihe US supplies al 1 NSSS components ... W.i:thi,n the NSSS scope of supp! y, the,,~·~ 
_".fJf,o.~~:;:~.£omp.9_~e,~~- r~~quir1:1u ~y the c:onst·r·uc'tlon schedu1a wo~ld be ~he R~ilctor 
"Pres~ure Vessel (RPV). ~·~A s1x year constr:4,ctior; schedule with typica1 erection 
sequencing should requ1re seLLing the RPV~~n plaee when the ov~rall~ 
construction completion percentage is app'rox1mately 50'4·for the·f;rst unit ~ 
(35% total tor a 2 un1t project), or approximately 36 months after 
construction has started. Assuming two - three months for ·shipping, receipt 
inspections and construction preparat1uJ1s, t.he .RPV cou1d be shipped wnanc, 

·O't'erall construction completion is approximate1y 40-45~\:'(25% total for a 2 
un1t project), or approxtl'Rately 33 months after construction has started. 

It should be noted that 1f the forecasted con~Lruction completion d~tc (fugl 
load) is delayed during this f1rst 33 months of construction, delivery of the 
RPV can be also be delayed. With th1s s1tuatio11, 1t is believed the deliv~ry 
could be delayed to coincide with a time equal to 36 months prior to the 
revised fuel load date, 'liith adjustments to the 'l:!4uencin9 of work 1r. tho 
reactor build1nq, without further impacting th~ already revised fuel load 
date. 
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Alternative: 

With either scope of supply, the US could prov;de all the necessary equ.ipment 
to support the six (6) yea~ construction schedu1e and still remain 1n control 
of some key major components that would prevent the operation of the plant. 
These co~ponents could be held until thP 85-90% completion mark for the first 
unit (60% total for 2 u~1t project} or within one and half years (l 1/2} of 
the scheduled fuel load. The5e component~ ate as fo11ows with the requ1red 
•need" milestone: · 

Component 

Re~~Lor Vessel Head, 

Control Rud Drives or 
Reactor Protection/ 
Control Panels 

Fue1/Fuel Corr:pommts 

Reactor Vessel Upper 
and Lower Internals 

Milestone 

Prior to Cold Hydro 

Fuel Load 

Prior to Hot Functional 
T_.:i;t \ ng 

6 Year co~struct1on schedule .. 

~ Comolete 
first Un1t 
(3tota1 project) 

85·90 (60) 

100 (70) 

95-98 (67} 

ground breaking = cons:ruct1on start · 0% Completion. 

1st "Q" concrete pour · 6 :nonth after con:;tructicn start. 

Yr From Fl 
first unit 

1 1/4-1 1/2 

1/2 

Set Major NSSS components (HPV, S/Gs RCPs) - 36 111or1th prior to fuel 1 oad - SO% 
first untt completion (-353 total 2 unit complet1on). 

Energize in-plant electrical distribution system - 24 months prior to fuel 
load - 75% first unit complet1on t-SZ'tO total 2 un1t proj':!~t c~mpletion). 

R.... vessel & coolant system hydro · 12 months p~ior to fuel 1u4d - 95% fir't 
unit c:ompletion (-67% total 2 unit project completion). 

-·--·- -·-----
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SOUTH KOREAN CABIUTIES: 
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I Ut[ 9]NSlRUCTIQN CQMPLIJJ<lt PERCENl~ t; OF FUNDS 
~ill MONlHS UNILJ Uf'Hf l. !OTAL ~ 

BPgin Site St.udi<!'i -18 
Select NSSS Prime for-tractor -ts 
Select Architect/Engineer -15 
Start Design -12 
Award Construct ic·n Cflntract -6 
~Rele.~.~e"lQ Mfg .NSSS 8 long ,, 

Lead Equipment 0 
Slart Si le Prep {) 0 0 0 0 
Pour Reactor Basemat 5 5 <5 <S 
Start Mat' l Del i\'ery (piping, 

structlral steel, cunduit,etc.) 6 !j <~ <5 
Start Uel1very of Non-sensitive 

equipment (pumps, valves, etc.) 12 JO <5 a 
Start U-J Piping Install 12 10 <5 8 
Set U-1 Turbine Casing 24 25 5 20 
Start U-l Cobl~ Instill 30 40 10 30 
Deliver U-1 MSSS Equipment 30 40 )0 30 
SPt U-l HSSS EQuipment 36 50 15 40 
Set U-2 Turbine Casing 36 50 1~ 40 
Start U-2 Piping lns:all 36 50 15 4-0 
EnerQi ze U·-1 In-plan: 8usses 48 7S 25 60 
Oeli\•er U 2 tiSSS Equipment 54 80 30 65 
Hydrote:>t U-i Reactor cool ant Sys. 60 95 51) 80 
Set U-2 HSSS Equipme11t 60 9~ 50 80 
Sldrt U-2 Cable [nstall 60 95 51) AO 
Start U-1 HoL Functional Tests 64 9! 61) 95 
Load U-1 Fuel 72 100 65 90 
Unit 1 Conmercial Op~ratton 78 75 93 
fnergize U-2 In-plant Busses 78 75 93 
Hydrotest U-2 Reactor coolant Sys. 84 95 58 
Start U-2 Hot Funct fona 1 Tests 88 97 ~9 

Load U-2 Fuel 96 100 JOO 
Unit 2 Conme~cial Operation 102 
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COMM1IMIN.T KEY MH pTQNE scHIQULI 

Mttgtpnt Unit 1 Unit 2 
h,,oa. after lmos. after 

NOA) NOAJ 

Notic• of Award 0 0 

• lubmtr PSAR to AOC·AEC for Review 9 9 

• Site Ready for Nt Constru010r, ;reefed 4.8 4.1 
to within 1 nwter of final grade: 
temporary utilities av1Mable 

Obtain Conetruction Ptrmit from 21 21 
ROC·AEC 

Start Reactor Bulldi~ f'.rst concrete 21 27 
pour 

• Energi.a St1nup Transformer and Bui s2\ e4 
• ln1tn1ment >Jt ana Scro1ioo We~er as 54 

SvatllM Available 

• Submit FSAR to ROC·AEC fer review a 58 ---'{ / 

Obtain Fuel Lolding Permit fTOlt'I 10 82 'A~ RO~ and Start Pre-Cort Hot 
f:unetional T••ta for PWR 

y\ 
l...:,t:J • Initial M•ln G.nerwior Svnohroni2ado" 72 84 

to GriG 

Complete NI lttrlonnance/Acceptance 78 88 
Ttltl 

Dtolara Unit in Commerci1I Operation 78 88 

• ~t for Owner or Owner's Alf. 
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Mekx 'mrimne=Vw,,,.,..,i Dalytrv. Sgbr?d• 
!all 1t1ttd in months •ft• Notice of Award tNOA) 

and are gtvwn u the ~me by which 8QU~l"'t arrives on·lt1tt 

Unit 1 Unit 2 
(mo$. •~•r 'moe. efttr 

NOA! NOA> 

tJSSB&empSnernx 
/" 

,. ,./ 

Primary fltea.ctor C~mponeM3 lreaator vetHI 44/ 53 
Ind otosure head, ttHm generators, 
Pl'MIUrizer, hen anct GOIO '9g piping) 

Reactor Cooiant P\nlps lntemalt ~3 82 

Reactor Veaeel Internals 55 04 

Control Element Oriw Mechanisms 50 59 

Safe1y Valves 54 63 

Safety lni.otion Tanks 48 56 

~K'e'lmtttem 

'1!JA. 

• Contalnmem vesnl tteel 20 2• 
• Stahl111 Steel Uner ?!ate 24 30 

• Structural Stell 23 29 

• Extra l.erge Size Aabar 14 20 

• MechanieaJ Rebar SpUces 14 20 
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Combustion Engineering, Inc. 

Mei• faipmfntlOcmnanent Ptftvt'¥ leeciMll 
(tU lttted in montns attar Notice ot Award (NOA) 

and ara given •• the thn1 by wnlch eciuipment arrives on-citel 

Unit 1 Unit 2 
I mot. •teer (mo1. t1ft.er 

NO Al NOA) 

e•cttfolJ 

• Elaotrlcll Containment Penetration :!' Aaeembht 

• Ciass 1 ! Switchgear 42 48 

• Claaa 1 E Loadcenters 42 48 

• Oasa 1 E Maier Control Ceoter1 42 48 ,.---., 

• Clat• 1 I 1215v DC Equipment 39 41 

• Claaa 1 E Wire • Ceblo 41 47 

1DtU\lm1m1twn & Cgf!trr>ls 

• Simulator 48 nJ• 

• Nu;Mex 80 + M~te>en 44 13 

• Radiation Momonng System 32 38 

• Sampling SVStam 32 38 

Mactymicpi 

• Shutdown Cootlng Heat Exchangers 22 21 

• Cc:sntaltlmant & Maintenance Cranes 48 98 

• Decontamination Squi.~m: 36 42 

• Eae•ntie4 Cht11od Weter Equtpm•rtt 18 24 
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Metm ..... m¥ttfCQmppnaqt Dtlimv Schldala 
laJJ stmd in rnomh• afctr Notioe of Award '(NOAI 

and are etve" .. the time by which ~~ent arrtv.s on-alt•) 

• 
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. -··· ....... 

Unit 1 
(mos. after 

NOA) 

35 

39 

Untt 2 
(moe. ener 

NOA) 

41 

34 

TOTA'... ?.10 
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Target Project Schedule Sys_~em 80+ 
Major Milestones {months after NOA) 

#1 #2 
Notice of Award 0 0 

~--,PSAR 9 9 

Construction Permit 21 21 

1st Concrete Pour 21 Z1 

RPV Settino 45 54 

'-FSAR 58 58 

Cold Hvdro 62 74 

Fuetload 70 a2'' 

Commercial Operation 76 88 
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The following List of Equipment/Structures can be supplied 
prior to full compliance with IAEA safeguards: 

Structures: 

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 

Miscellaneous 

Air Water and Steam Service Systems 

Communication and Security Systems 

Wastewater Treatement Equipment 

Maintenance and Test Equipment 
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0=KOREAN STANDARD PLANT-. :,-

- - . 

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 
efforts 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 tr1e nuclear 
industry to continue to expand with a consensus of support from the general public. The· iead 
KSNP units, Ulchin 3 and 4, are currently under construction. 
Sir.c: che s<::L"t or" ::)('nme:c:;J ooe:;;.cion 
or" i<:ori l :r:. ; 9..,.3. i :ocil of nine:. nuc!e-....r 
•..:n!cs h;;.'le ':e::i. :JC:c inco ooecacion !n 
Kor:-i - .i..r:1our:c::ig co i"n inso::-Jld 
cwac:C".; or· 7 62.5,\['·t':. F!ve more re:rc­
,o~s ~~ ::.;::::ici:r ':iei:-:g budc. T:i.e:: i-:a.s 
'Jc:::i. '.nc::-...sing ?ar::c:oacion bv Kore::..1 
•Jr-a;1r.1sac1or...s :n ac:s;gn ina ·:ons,r-..:c::or. 
ic::·:1c:c:s. . lDie - ;nowing :\:or:-~1 
:i;...:c~e-....r :o\'.:e:- :il~-.:s :n .Jcc=::&.eon ~~a 
.i:-.cie: :or.s;;:-..:c::or.. ~de::.S chis. [c i.lso 
;r.cws chc: ::ir::iomi:::.r.c: •Jr· P\G"R.;. T:-ic: 
"') \X,-r"I .. . . -. , , .""I ... • ·- ';. ......_ ~; . :"... 1,...es~~-·s :i.11e -~-~ )l. ...... c.ly ... c~ ... 
:;=~ . .._,ci .:-::orov~:. ove: ::ic: ·:el.J's. :;,s 

:.-.c:c;;.cc::i .:-. :.ioic: :. ·" nr:.llc:! ··.-·u:,, :.,c: 
:~~:.oiish:7:c::-:: ·Jr ;:(.;:::eJr :~:::ino1og:c:s .n 
"-.Jrc:J. 

l i.: "-J ::-in ; (;;..::cfarciisac:o n :J ro­
~:-::.m mc: .. ,.15 :or~:..:i:.cd :n : 983 :ri 

.:~:=i:: ~=s:-0:.se :o ::-:e :;,~~:..s lor l 5l~~:~ 

.:..:-.i..:. ~~:t:.c;:: ::-:-::::-:c:'C": :i~~ct·: .r. ::::: 
~ l~'-'fJs :r.nc ::~ri,_, :r. :.:~ ·:: 5l :!~.~u~.'. :~'! 
:'~C2:!'.':ii.1!"':"'.~ ·.•JJ..S .:..:.::-:~d )t..:.~ :r. ::-;:-!:= 
::s~Tnr.:: :r:~i!S ~·:o~ ·. --}8: :o . ~1 ~"! ~. 

• .". ~~1Si6iiicv ;;;:..:cv :or .i ;~inci;;.ra 
:::.!cicr :o·.v~:- :'La....;.: ·.vJ..S ·::Jr.C:..!.C:!C :r:. 
:'.-le: :!rs• :ma.sc:. [:i :.nis Jn;;.;;c:. l Jro;;a . . 
;?e::(ruffi .)[. :nc.ige:10U.S lnci rore:gn 
1ooroac:ies co 'h~ design. :onscruc::on 
i..-;a O!'c:::.i::on ·.Jr :iuc:::'lr ?owe: ?1;;,ncs 
·.v::,s :e-.-1e-.•1c:::. ~o !S~j,iJu.:>n ::ic= .i.UOroa.c:i. 

.i!'.ci J;;.s:c :Jnc:::n :o ·Jc: .;.(.;OO(c::i ~n :.-ic: 

:(or::1n ;c:l..'1C1l'd m..:c:el.J' powe~ ?lane. 

• !n chc: ;e::ond oha.se. c1ndidace dc:­
sign.s we:! icie:Hir!~d due wc::e consid­
c::~d ::1paoic: of 6c:ing O!'Ci::'lised ar.ci 
irr.proved co me::: chc: rc:::;uir::::r.e:-ics or 
::he m.nd;;.,d ?lane. T'.-iis w;;.s done: bv 
l_nai~:s~r.g :Z1t: O~(!:~c:<?n inci, cvn$cr-u.c: 
c:on !=-:=e:-:::~:.::: .)r ::~:s~!rig J1j.r.Cs. lnU 
··uc"·;~;, i·~··-~c·-' -··-~no1"'c,.;.,, .~c:·:c:·.'oo-
>'- : ··~:'.J' :-· ~'· -- ·"--••. ::."' ..... 

mc::i.cs :n rorc::gn :ounmc:s. 

• [:i chc: :'.r.J..I :Jn;;.:,;e •)r· :he: ::rog::;,mmc:. 
:;,,c: :or.:oic:::: i~;g:-: ·)r :nc: ·:-::0;;:1 Scn­
<.!:.rd '.'.'u.c:c:1: ro"7e: r!J!".C s._:5:-...;p~ w;;,s 

~c!'/-=!ooc=:i. ·.vic'1 ·~·vngg-.v~r.g 5 lr.d ~ .i.:> 

~c::c:::::::c: ::1:.r.cs. 

'.~c: :<S>:r s .i ~ 1 )00\(\:~·.: ~:;;.;;s. ;:-.vo­

.o•io l''X:\. -:-:-ie .:c:s;S(c: .s :::::: :c:su1c Jr .. . . 

.:J-·)0<:::"~::·:-= ~:.or~ ::e~.v::::~ ::ii! ..:.:~1~c-: 

~.~Jr-:~ :..c!:.:::-:t.: ?.J,vi:::- l:0:-J0r1c:tSr. 
~r>1:1:=:·. ::ii:! ~:~~S ..:~sis:'."".~·:-. =--:urc!J. 

.. ~.cornt( :.:ii:!:-zv K.!~~:i!"..::i. ~:-·l:l~:c;J~~ 
~ .:...£.:z.J·.. ..i.nci :he= lJ~;in(! .)r C)IG.1..C 

.ic:s1gnc::. .'\.orc::.i l':Jwc:: ::.:ig!ne:::::ng 
Comoan·: ;-.:or~c:. 

~ ctc: \:orc::.in ;•;;.nLiJ.:ciis;;.cion :no­
g::immc: :·..l.lmm:.icea :n i '..ltiiiC": rc:au1re· 
~c:::c -ioGmc::i.c. K-5R.ED Kor:::i ~c:in­
J.:.rci S'-~~uir!:-r.c::ic Do..::.imc:::c: . .ind :n 
:=-tc= :Cur:~ 5 C::L'1d::;.rC ~:.i..i~:--: .:i.J'l:i.J.VSlS 

R..~~on: :<-~.3r ... R~. ·.vh1c:i. :?:~':es 1 .:.Jm-

Jle~e dc:sc::ocion of c..b.e s<:ind:uci dcsig:: 
~nd orese:us dc:uiled ;afe:v analvsis fo; l 

~omplece nu~le:u _powe: 'pianc. ic:x:::?c 
ror sice s;:iec:nc mrormac:on!. 

r~cu:es ?rr!:mg sign1r\c;;.nc ::n?rove­
:nc::i.cs '.r. s:uc:~1. opc:::icion and :Jnsm.:::-

• .• I 1 L I 

c:on ::Je:-rormanc'! n:iv:= J~"!:-;. lc:::::=::~::i .l!"'.:. 
:ncor::oracc:::; •nco chc: :i::w .:i:si·;;::;. whic:: 
·C.::circ:.sses :i-.. v lic·~,:n.,. --~-~·-·~·~·' 
""' '.. . .......... l :=- ....... -··--·•\'-·•-.l 
l!1ci .llSO iims :o :nc:e: :.,c: -:;:~:: ~or ;. 
:-e!~:ibie :inci HaOle dc:::-::::c:~.- 5u:oiv. 

3u1iC.:n~ on ?rove:-. :e::'.inoi·o·g}·. :."'!<:: 

:ic:·.v :;iar.: ;;rov;cic:s 1r . .::!:.;.se,: ;i::-:oiic::-.· 
:;.::.t.:. ,.:~slg:-. :::~r~1n .. r..i::~;Jv:!:. :r.;.i.fl.­

~1cnLn~ :nc~:-r~c.::. z:~:rc~.:- ·JCC:::.:"'3..LLOr:.:... 
:-dl~uiiir: ir:.~ :Je:re::- :·J!is~~·.:c::oti::-.· 
::i:in :110.:1cs .:'...:r:c::1c1v ':"'. •Joc::;;.c:on. 

T:-ie i.lf~'' .ir~;;.ivsc:s c:-.aiClc: :.-iu.c :nc::: 
. . ' . 
:s .morovc:c. :esoonse :o :::.r.;:c:::cs ;;..r:·.:. 

.:.:.~;..i~-: ~=-:=:!..!:::-:.~: .5 :::·.:~·.:.:=·.: :·1 1 :','.j.~::-: 

)r· :nur~ ::-iJ.r. ~ ·) .::Jmc::.r;:·.: x.::: ~~:s:::-.~ -· . Jt;;.;ics .. :ics .:i-.or0,·e:-:-,;::-.c .:: :>:l..-:c ;a.re::-. . . 
.s :71:,jjnr~· ...:ut: ~o :ne .~.cJr:c~::Clor. =~ 

. . . . 
.:c::;:gn :e:icur:s. suooor:=::i Y-' ::-:c: ·.i~e : : 
Jc:::c: :n:;.ce:ia.is irid :ons':-~c::on :e:::­
~01ogy. ;•moiiric:d .ind '.:,;;i;;.."'lcd :Jl;l;-;: 
.:esign. ina omc:: re:irurc:s co :moro,·e 

. ,.,e .i:.unt1n _.re ".JJten.: )-."-:'<' ~\,'1~-.' .. ' .. -,.· .• .' •. •0:.;~." ·.·'~~·.· .?~u::.rcn ."rJ:::-~:!. v _ ,.__ _, ... _ 
~.:.(·on. _(Jr~:z.. 

Table 1 - Korean nuclear power plants in operation and under construction 
i<ori ~ame Type MWe Contract NSSS l/G .VE Comm. 
'tucfear op. date 
Unrt (Nol 

-<on ' "WR 337 Tumic:ey Wesnngnouse 

,... __ 
.•. n.:: .... :;,i.. i978.-' 

- <on: ."WR 559 7"umic:e'." 'Nesangnouse GC·: GA '.983.~ 

'Notsung : ·"'"'WR ;79 7umKe~ .l.E·::.. : .... p ..i.E·::.. i983.-' 
-l <on 3 ."WR -,5a S;imconem 'Nesungnouse Ge·: 3ecme1 i98S.:: 

- <on-' "WR ?5u ·:.:imconent 'Nes~ngnouse :3E·: 3ec:ice1 :966.-' 
v::inc;gwang. "WR ?5u ::.::moor.em Nestingncuse .Vesungnouse 3ec.~te1 i966.3 
·'::inggwang 2 "'NR ?5u :.Jmoonem Wesnngnouse Nesangnouse 3ecme1 1987 3 
_·1c;:1n : ·"'NR ?Su .:.Jmoor.er:r =camatome . .i.is:hom aecntel 1968.g 
Jlcnin 2 "WR ?5u C.Jmoonent .=-amaicme .-'ls'11om F "3lTV Als; '989. '.::: 

·o· "::inggwang ~ "WR '.04() G.Jmoonem <HiC:KAE::<11c:: :(1-ilC.'GC: i<CPC:.·::S&L 1995.o 
. ' "onggwang -l "WR '.040 C.Jmoor.ent :<HIC:KAE'.'<llCE '\1-ilC:GC: KOPC:.·::S&L 1996.6 
·2 .l/otsung : ""WR ~00 C.Jmoonem .l.C:·::... KHIC.'KAE"1.I <HC AEC:...KCPC:.·: 1997 3 
'.J .JIC.'1tn 3 "WR I 04.() C.Jmoonent <HIC.'KAE::<.1 <HIC :<CPC:.·: 1998.5 
'.-l .Jc.~rn ..! "'IVR '0.10 C;imocr.em .<:HIC:KAE.'<1 <1-ilC KOPC:·: 1999 5 

.i.ugust 1992 29 
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Table 2. Development of Korean PWRs 

Gross capacity 
(MWe1 
Comm oo. date 

General 
layout 

Containment 
building 

Kori 1 

587 
1978.! 

Kori 3 

950 
19e5.9 

Yonggwang 3 

1000 
1995.3 

KSNP 

100C 

tE-10 

'iyoe 
ID1m: 

Stee1 con~a1nment ?"~stressec con::rete ;:.r~s~esseo ccn=rete :=-re-stressec :oncrete 
39.5 ~3 9 42.9" 

:.es•g~ :lressure 
il~1ir= r_gf1 

:,.e~ ·.101"Jme ~rr· 

Reactor coolan: 
loops 

:..oo::is 
'-C. oi fue' 
as:;e1.1:l11es 
~ea::or 1C 
IC:";\' 

1n1etJout1e! 

1emoe~ature 
:or-

2~: s::2c .: 

5C 
6' '.JOC 

·suo.1ec: to cnange oue to s1te-soe=ific re::~.H:-ements 

DESIGN APPROACH 

KS!'i'P was develooed r.hro~h r.he con· 
siscenc aooiicacion "or some runda.-nerm.J 
desie:n orincioles. Tnese orincioi=.s are 
com-patlble ,;,,icli Elecuic Po....:ie~ Re­
seuch lnscirute (EPRll advanced lig-hc 
wacer reactor (.AL WRI propramri:es. _and 
include the: concepts or ennancc:a sai:c:rv, 
simolicirv, incrc:aSc:d desien marci.n. chi:: 
use:· of proven technology. and more: 
effective design and consrruccion ?roc­
c:sses. 

s.: 
'5 000 

162'39E.9 

-~ ... ....-.:..~· .. , 

1€21396.9 

295.8/327.:: 

Steam generator 

nents and modul:o.r c:auioment. and me: 
se::>aration of saim· fu~caoru from non­
sa!ety s;-stems c:n.nance the: simpli.fi~­
uor: pnnc1?1:. 

Safa;· poli~'· The assurance of licensabil­
iry is a prerequisite: for me successful 
dc:velopmenr of KSNP. Regulatory ;.:a­

biiisacion is achieved by resolving open 
licensing issues, esrabiishing acceptable: 
s~erc: .accidenr provision,. 3;11d ciesipning 
me: ptanc consmenr w1t.n reguiatory 
:::itc:rio.. Reguiato:> ora::-...ic: in Korea 
r:i:rs to rn;r :r. ::Tie ·l;ni::eci S;:.;;.t=.s for 
u:a.s mar ar: no• mc:::1n:ci in Kor:o.n 
regulations. To saci.s~· Korean reg-ularnrv 
?~ac:ic:. <. sd.fc:r-: ::>Ot.iC\· ·.1.:~ rormuiatc:C. 
the saic:rv poiic: ·ciesc~o:.s an imegrared 
approac;i co sarc:'' w1rn mr:: ove:iap­
ping \evds or safer• protc::::ion. 

::.a.ch or cii:se i:ve!s of sa.ic:rv is ciivici.ed 
~mo a !...ic:ns1m: Desig;-. Basis o.nci ;; 
Saic:n· Marg-1r. Bi.sis a.s d-::llcr:d in Table 
5. T~e Lie;:: sir:~ =:>rngr. ·sasis !S :.,c: s:r 
or KS~!1 s21·:~· ciesigr. =:qum::n:n~s 
v..·iiich a.r~ Oa.sica.i~~- ne:::.ssa._-:: ro sa;:is~~· 
::-ie .:u;rc:n: :ez-~o.ror• ::qu1r::-:-ic:nu. 
1~ciuciing ii::=nst~§; Oasis ::ansie:i~ mC 
ac.:iciencs. Th: ar.a.Jvses io: ::De Lic:nsmg 
Design Basis w:=~ don: wim mic-:. 
::onser:ac1vc:. aD::>:ovc:ci :L-:o..ivsis m:t.'1oci.s 
a..1d assumpci~~s. Th: s:U·en· \1argin 
5asis .:on:air.s design reauir::nencs 
wnich Drpvia: aaciic1ona.: sa.i~tY o:vond . . . . 
m: :n1nimum =:ou!rc:c j,· :ne ::·.::rc::i: 
:egu~a(Jons . . :.. ::;a.i~ . .r1c~ ·:>c:~e=:--. ac:1cie:lr 
:ir=vc::i~on G..."lC :n1ciga:::iori ~n sev~:-: 
ac::iaents na.s oc::~ s:ruCK m enc: Saic:r .... 
\ia.rgin 3a.m ::on:::?t. 

:)esicrn mara-in. -:-~~ ci~i£:-. mar£::-; oro-
, 0 . '? . . . - . ·•· ... 

v1aes c.1c: aes1g~c:C-ir. ~:::aour::• rn ac-
.:ommoaate c:a!'.s1=nts v.-:uiout causing 

Steam generamr 

Simplificarion. Sim?li.ficacions have bc:c:n 
incorooratc:d in all asoeas or olam 
desig~. construccion ~d ope:;tion. 
Plant simolincacions inducic: the: use: of 
the: mini.mum number of svstc:ms, 
valves, pumps, instruments, and oclier 
items of mechanical and dc:c-..rical :auio­
ment while maintaining the: essc:.nri'al 
func-...ional rc:quiremc:nr of the: rdatc:d 
systems. The: use: of standardised compo- & Fig 1. KSNP reactor system. It is a two-loop PWR. 
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Table 3. Korean Standard Nuclear Power Plant safety policy 

Accident 
resistance 

Core 
damage 
prevention 

Mitigation 

E·1aluation 
a!'Proach 

Licansing design basis (LOB) 

Regulatory imposed margin, in-service 
inspection and testing, ACS Integrity 

Safety systems to meet regulatory 
requirementll 

• Licensing specifled ac::idents 
{mainly single failures) 

• Prevent exc~ing regulatory fuel 
limits 

e AC?9 int119ril'/ 

Containment and associated systems 

e LOCA Design Basis 
• 110 1.18-14 Source Term 

Conset'\laove. ~staclisried desu;n 
:iiethods (except :or a smail numcer of 
multiple failure e•1ents) 

Regulator/ aooroved cooes. stancarcs. 
lnO ac::eotance :::itena 

,:.'"'9c1t for >atety-,.l!!ated "!C1.1iomenr ~niy 
:exceot ~or :ne ..,,uitJole faiiure "ventSI 

Jeterm1n1s:ic 'icensmg anaJyses of :..::;B 
~·1~ncs 

."1eet regu1ations ano re<;u1ator1 
;u1cance 

:nm:mon or· ::-:g!ne:=~e:i s;;.re:::r ;:.-sce:r.s. 
z:ves ooe~::.rors ;umc:e:1t :!me :o ::.ssess 
:ind -Je-.J ·.v1cn lonor:nJ..I cona1c:ons 

'.V!Cn :T.l!":lrTH.::7: ?Ote:-:c:;;.i :or .fa.'T:::.g-::·. 
lC:U :7\lr1!r.1tSCS :i-ic: JOC:::1C:~ :or ~:-::~::::­
.n~ .1m1c.s ~~. -:~-::in!C~ .)~~-::llC:i.COr.::i; 

·.wuc:i :71i~nc ::~u:rc: .le:.:;.c;r.g ·Jr ;nc:c­
<.lOW!1 0r :he: :i1::.nc. 

?~rn·m :~cnnowtr1. , :le :C.S0."P .:ic:s1gn . ~ . . - .-
conc:::)C c:m?nd.S•ses ::ne ::n?1o•·me:ic 0r 
:i;ove:i. ::e::i'.'01ogy :'1:-ol.!g~o·.:c ::ie 
?l:inc. :nc!uaing ;vsre:m ma .:om?o­
:iencs. :na.ince:ianc: .lrl<.i ooe:-:icion . .u:ci 
consuucrion :e::tniaues. Ks0iP .:inws 
on me oc:ie:;mng .mci .:onst:UCUOO ::..~?e· 
:ie:ic: or ::usnng Jl:i.ncs ma cne '.!Se .)r 
?rove:-: cechnoio-g:~ "viii '.1.eio :o .1SS'-!re 
;uoie :e5ubrio~. :he: ?rove:i :e:i-inoi­
Og'/ constsc.s or ;vsce:ns. .:om?one:ic.s. 
mucrures. md iesign and malvsis cec:i.­
niques whic.~ nave l good ;arecv cr:.c.'< 
record. lS de:e:rnineci rrom me ooe:ac­
mg :X?erience of aisring planes or" rrom 
re5ulacorv rt:"riew resuic.s. 

Safety margin basis (SMB) 

Increased margin, simplicity, system 
and component reliability 

Safety systems features for investment 
protection 

• Realistic accident sequences 
(multiple failures) 

• Graatly improved MMIS 
• Prevention design features 

Containment perlormance dunng 
severe accident 

• Margin beyond design basis 
• rleaJistic source :erm 
• Mitigation design :earures 

3est·estimate "valuations of design 
'Tlargin and safety margin !eatures 

UtJli!'/ specified margin and ac::eptance 
c:itena ~xceed regulatory requirements 

C:ecit :or ::ort'I sarery-,.e1ated and non 
:;afer1-'elateo aauioment 

Je1erm1nisnc severe ac:::cent 
~"aiuaoons suootementec ":Jy PS.A 

."1e~t .-eguiator1 ser11ce ic:::cent ::olic·1 

--·-. ------. 

;._~--/ 

- -- = . . i·' -

·--]) 
· ... J: 

... ,.:.:= "!I - :::==:' 3 -:~--J) 

~-~:~t~ ~~-E Human facrorr. The KSNP :;vsce:n;m­
.:.:.ilv :nciucies '.1uman :":icror .:onsicie:::.­
::ions in che design of ;vsre:ns. :=ic:iities 
md eau1omenc. The :-iuman-nc:ors-
d.nve:i design r°e:;.rures !!1Co~once ;c:;.ce­
or".me-.irt cec.~nologies 10 me :nscr'.l­
:ne:ic:mon md ·:oncroi ire:is. :ncluding 
digital md :nic:o?roc:ssor cechnolo~es~ 
Remote muicioio:e:s. reciuc:d :iumoe:-s 
of l!lnunciaco~ . .uid ince;!:':lceci dis?iavs. 

.ii. Fig 2. KSNP reactor vessel and inter· 

nals. ~..CEOM. 2 - rea~or Yessel nead assem­
bly. 3 • CCA extension shaft. .i. inlet nozzle. S -
outlet noz:zie. 5. upper guide stn.Jcrure assam. 
~ly. 7 ·fuel assembly. a . core support barrel. 9 
- rea~or Yessel assembly. 10 • i'low skirt. 11 
core stoo. 12 - lower support strucrure. 1 J -
in<ore instrumentation no:c:le. 

.>.ugust 1992 

~--_.KOREAN STANDARD PLANT~_.-·~.-: 

alarm procedures and concrols are used 
in the concrol room design. To imple· 
menc human factors principles aopropri­
acely inco me design. che desigr{ process 
includes imeraction becwe:n qualified 
designers and e:cperienc:d operators. 
The u.se of simul.acors during che desiO'n 
process reinforc::s che human f.i.cr;rs 
principle. 

Consrrucrion and maimmance. From che 
ouc.se~. KSNP has be::i. designed co be 
::;.silv cons;:."l..lc:ed .lnd :eadilv main­
cain~d. Conside:acions give::i co main­
;::i.inabiliry include proviciing sc.a.nd.ar­
d.ised compone::ic.s. designing equi?me::ic 
:o minimise maince:i.:;.nc: ne:ds and 
:educe oc:-..ipaciorul exposure. and pro­
·:iding mor: soac: :or :nsoe::;:ion, re:)air 
J.r:d r:?l;;.c::n~!.1( or µ··m:::U and eo~io­
'7:e!.1C. Tne ?i:i.nc Od.S bc:::i. designed' and 
will be cor:sc:ucted '.n :;. ;ir.g'.c:. !nce:<:c.;.ced 
?roc:ss. P:ovisio;-s :"or ;odul.ar- con-_ 
ic:•.:c;:1on . .;nd .;c·::;.r.c:d '.:c::r.1aues or 
::e::::ion .;r:d :nsc::..ibc:on -.vc::: :ricoroo-

DESIGN ;=::ATURES: REACTOR AND 
RCS 

:-.vi:;.'.oco ~\X?. . .:.:: 
\\''.(:i : Jt::i.:"'l.C ::~t!Z::-. i1:e 

-":""- ·­, ,_. ·- --

.-...!. 

-_ =--

------

,..._.:.~~~~.A' 
'7'.,.,·· r-;-, 
'-" ...__.-. '.,:.! 

,;,. Fig 3. KSNP steam generator.~ - pri­
mary inlet. 2 - orimary outlet. J • downcomer 
feedwater . .i • steam outlet. 3 • blowdown. 6 • 
secondary manway. i - nandhola. 3 • econ· 
omiser feedwater. 9 • recirculation. 

31 



KOREAN STANDARD PLANT 

Table 4. 
Characteristics of the 
Korean Standard Nuclear 
Power Plant 
Reactor 
Type 
Thermal output 
::oolant flow rate 
Design pressure 
Opera11ng pressure 
Design temperature 
Inside diameter at shell 
Overall heign! 

Fuel 
Numoe' o: fuel assemblies 
Numoer or UO, tuel roes 

oar assemoly 
~ue1 we19ni. 
:::ore neaght lactivel 
::ore diameter •.equivalent) 
Clad matena1 
Clad tnici<ness 

Reactor coolant system 
Number of locos 
Hot 1eg1coid leg 
::1.ea:tor inlet temoerature 
"eac10' oui1e1 temoerature 
7oi:a1 :001ant vo1ume 

:ontro1 roos 
~umoer of =ontro1 assemolies 
."-lumoer o: roes oer assemo1y 
MatenaJ :tull/oan strengtnl 

Steam generaton; 
7yoe. number ot unns 
Steam ftow oe' stearr. 

generator 
Steam oressure a: lull :>owe' 
5team ter:io~rature a~ tul! 

::iowe:-

Ma.x1murn motsture 
.=eeowate:- temoerature 

Reactor coo1an: oumos 
~umoe' 
Motorltyoe 

ues1gn caoac•ty 
'.:>!!sign nead 

Containment 
7yoe 

lnsioe diameter 
Height 
r:ree volume 

· Liner thic l(ness 

"iurbine 
Numoer 
Type 

RPM 

Generator 
Number. type 

Voltage 
~reciuency 
Net electrical outou1 

Condenser 
Number. type 

Pumo type 

?ump numoer 

32 

PWR 
2815 Mwt 
:2'1.5 x 10' lb/h 
2500 lb/in' (a) 
2500 lb/in' (a) 
sso•F 
16.2 in 
~n 

236 (16 x 161 
186 509 lb 
150.0 in 
~ 23.0 in 
Zircaaoy~ 

0.025 in 

42/30 1n 
5~.=:~ 

e2~ .2:i~ 

,; 

.:. or ~ 2 
:,:::ftncone; 

o.35~ . , c· lbfr 
~ J iO lblir.' 1a: 

550.5 'F 

.:..: 1naucnon/ 
11en.rca.1. 
:entntuga1 

32 500 9al1m1n 
3.:.0 :t 

?restressed 
cyiinorical 
concrete witn 
sieel linec 
i~n 

21s n 
2.7'3 " 10' "' 
0.14Ain 

4 (high 1 , low 3) 
Serial 6 llow 

arrangement 
1800 

1. 4 poles 
(1800 RPM) 

22 kV. 3 phases 
co Hz 
1000 MWe 

3. once-through 
sea water 
cooling 

Vertical, 
centrifugal 

5011/o X 3 
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.A. i=ig 4. Safety Injection System of the KSNP. 

o:· ':0 vears. Tne main :na:a.:r:::!scics or 
':-ie KS~P ci::s1gn are summa:;z.i::c ir. 
: ab1e <:. 

?.:.;,:..-:o:· Tn~ reacro:- vessc~ 4nci :~t=~;"".:i..is 
~~ siiov.:r; :r. ~ig :: C:L~s1~:-: :mprov~~ 
:nc:::irs r.av:: oe::n mace ;or me ;ore 
s;.:.:>e'."'•:so:-: rwncrior. anc oo::::a:ns 
:-:--.4r2:!r.. 1 n~ ~:ac;:or \·=s~-='. :s :.a.onc.ar~c 
~s1r..g :1:-1£: rors:1rn:s. ; ne ::r.!:!-rorgec 
:o.::iri"C.acio~ me~hod. J..S cor.ioareci -,,.7jfr, 
::i: :oliec J.nC v.:ddec Dl;;.r:: ·:ao•icacior. 
:-: ::>r:·:iot.:s :iianc ciesi~r.s. reduc::s en: 
:-:L.:.iT'.D~:- or \veicis an~ s1m:ii!ries ~ne 
·•:sse:. Tn:: nr.g-r·o~g:c :aon=..nor. J.Jso 
::ciuc::s const:uc::1or. time anc ::::1i-:anc:::s 
::1::: ... essc:::·s ::s1s:;;nc::: •o '.):1::1e ;•a::..ire 
s!nc::: tne weici areas are movc::ci to reg10ns 
.:,; iowe: n:u:ror. fi:..:x. 

.c:eam gmeraror; Tne sc:;;.r.. 2:::n::::acors. 
:::a:n :onsm1r.g or a :....· -cuoe 6t.:ndle. 
:r.teg:ai economise: and :\'J.Do•acor. 
\•:ac;: se::>aracors and sc::::;.!Tl '.lr\':::s. are 
S:10WO in ::ig 3. 

improve{ re:::dwarer r:::circuiacion has 

oe:::n acn1eved D\" Optimising re:dw&re: 
flow si:.ar:::ci 'oe"v::::::i en: ::conomise: anci 
aowncome: region or me sc::am gen::::;;­
ro: .. .!\.: rull oower. a'oou: j 0°10 -or tne 
:-:~~\\·ar~: fio\,. :s C!:~:t~e: to l;-1-.: 

aown::ome: sec::1or .. ana me r:::!Tlamae: 
:s au:71itr:d rnroug:n ::.ne :::::onom1se: 

-r-· 
, :i:s 

• I • • ,_ 

::':1orovemenr ~::suits 1n ; ~:::auc'1or. o; 
v.:at~~ :-..amm~=- :Erects in :0: fe~dv.-:at::: 
S\"St::!T.. anc a.r: tncr::ase m Cne•:r:aJ 
·.-

_;_-. Sq,o 'tu6e :>iU2:£:!:1£. rr.a~£1n ir. ti-le 
ci:s1g::-: :::::,s:.w:s .. \ong;: rull ;:'0\~·e: lire ror 
sr::a.::-. g~:i.i:::a;:o:-s. 

tc· :n~:-:713..! ous:>u:; m~ ~'1a~ iounc ~:: 

.:....3E--C~ ciem:~ed ),·s::::r. SO ola.-::s 
Tn!s .:4n s1g:;mc.anci\· ;morov~ pi~:;' 
r~::ior.se co ::ans1enc ;;na ac:1aenc cor> 
a.mor..s. 

. .!\lsc. en: iavouc Of che surge lin~ lS 

aP::>rooriatd\" ar:ang::::i :o ~eciuc::: cner­
IT::i.Jh-. mciuc::ci mess due ro the:mal 

-~_! 
~~-~---------·-::)_, __ .. _____ _ 

'' 
...----.... 

T 

A Fig 5. KSNP Safety Depressurization and Vent System. 
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.A Fig 6. KSNP Shutdown Cooling System and Containment Spray System. 

jtr:iciilc~t!on. ..;, srna.il i:n::i..~:· 1.lO lOr:iv 
:1ow :s ;onc;nuou.siv 1cimir:eci. 'o. :.ic: 
?ri:ssurise: 'o :;.void ;;:~r.:.nc.;.tion or· 
Jrosurise: ]oron ,;or.c::1.c::.c:on :;..-:ci :o 
:n:;.incain :.~c: ci~ire:i :c:::i.ce:..c;.::~ 1r: :.;.e 
5urge ind l~C'j.? lint!~-

~e~dling wace: ;cor:i.ge ::;ni< .. rnci 1Ssoci-
1te:.: piping ir.ci ·.·:i..ivc:s. 

DESIGN FEATURES: SAF::GUARDS SYS­
TEMS 

Tnc: KS;:ip S;LI-eg".larcis ;vm:ns ;:omorisc: 
:.~c: Sare:-., [nic:~:ion Svm::n :::.:nc::g'!:1.c; 
l:Jr~ c·uoLii:2: Svs\:.e:Ti:. :nc: 5-Jie~t 
Jc::orc:s;;.:,:s:..c:cn 1nci · .. -c::-.c ~vs•~:n. :.;.c: 
:in~cdow~. ·".:-Jolinz Svs•e:;i. Res;c·~:..i . . . ... ..,, . ' -
:-:.e::Lc R.~:::o·.r~ :::ivsre~ · ':-1.t: .:.:-:-i.~=-::~:i.c: 
r- . ... . . ' - .... . 
~"!=~\vJ.c~:- :::v3~e~ J..i..-ic :~-.:! l....Jnc:i...lr:.~c=:--.: 

Spr1v s--m~:n. Tnc: ;;Lreg•.l:a.:cis sy-src:::i.s 
i"C:::>rese::H enc: :UC1 ~n ·.vntC.i u~C: :nose 
;1g::i.inc.l!1c :rr.provc::nc::-.cs '.:.ave_ ·:i~:=:-:. 
:n:i.cic ln KS;:iP ~d:i.cive :o ·:.~c: cc::e:e:i.c: 
piancs. Yonggw-ang 3 mci .i.:. 

Tnc: iaic:si.l:uds ;ysrc::ns ire: dc:s1g!:c::i 
::ioc onlv co ac:ommoci:;.ce .:iesign JAS1s 
::111s1e:1.cs ind ac::cie::cs. ':iuc iiso :o 
Jrc:·:c:::i.c o.na :r.Jng-ice Jos"-li:;.ced ;e·;c::e 
:;.c::ac::i.cs. 

:;"are:-1 !Jl!:ir~m•r.sJ.:::'on ~na' '.;(nr 5,5;em. 
7~c:. Sar"e::-1 Dc::>ressi..:risac!on mci' 'v"e::i.c 
Svscc::n :; des~gnc::i co Je:rorm :n.: 
:61low1ng runccions ! r::g 5 ': 

• Vc::uing non-·~oncie'.1.Siole g-..sc:s ;7om 
:~c :::1c:or .:oolwt svstc::n. 
• C:ioiing :.he: ::::.c:or ::ioiaric ;·;sce:;i 
·vr.c::i. :.ie Jr::ssu::se: ;i:Jr::.v .s ,)~t .Jr . . ' 

• De::>r::ssur'.sing ci-1.: :~:.c:or .:001;:;_r:c 
:>·.-si:e:n :ind. ~~:7lovin£: :i~:;.c ~·ram :he:: 
:~:ic:or .:ool;;..'1c ;·.-s;:e:n- ::i :.:,c: :·re:i.c ,Jr· .4 

Jc::ronci cicsign oasis ;_c:'.cic::i.c .:onsming 
or coca.i loss 1)r re::ci.wo.ce:. 

"T"J.c: ;;;,rc:cv -ic:::>ressl!r:s;onon :unc::on 

. . 

I c.-cen;!!!lC'l I -:. 
~rer r~-------
:oIJK-' ~ 

---~--· -

of che Saferv Dcoressurisation and Venr 
Syscem is ~ne ~f che major improv~­
mencs in the KSNP design. The core 
damage: frequency can be significantly 
reduced once account is cakc:n of che 
fe::d and bleed function when che 
normal and e::nergencr feedwacer ruo­
plics are unavailable ·co remove h~c 
through che steam zcneraro~. The bleed 
function is accomofuhed via chc: rc:moce, 
manual opc::i.ing ~f che motor operated 
'falve in chc olc:::d line or me: svsrc::n .. .\.s 
RCS ?res.>u:e dc:r:-...ses, ::he Sti'c:c:r Injc::­
cio n S•-si:e:n initiaces fe::d flow ;:o .. ciie 
RCS a~d rcsterc:s ciie RCS water inven-
cory. 

Tne d.c::>ressurisacion func-..ion in con-
;unc-...ion w1ch an e:-Ja:ged rC1ctor a.vie:.: 
~wge:ne::i.c can ?re::iudc: the ?ossioilic:.r 
or- !""...riv ;:onc.ainme::i.c failure due co 
~: c:::!d . co r:: debris uncle: high p ri:ssur: 
;noi..:ld i:hc: ::1cror vessel f.lli following l 

:Jrc: :nc::c. Ocne: svsce:ns due he!o -co 
:r::·;:::-.c 'Jr mi"g:;,ce ;e..-c::e 1c::de::i.cs 
'.r:c'.ucie .L-: .ic:::n:i°c!vc: .~.c :owe: sour:: 
:or JCJ.ir.1C ·.vich ;;:.;.cion ::,[;ockouc :·1e::cs. 
.i :~z~ ~:gged. d.r .. · .:oncoinrn.~:ic. ar..ci 
rwciroge:: :~ice: :;.rm:ns i"or ;:;:imousi:i­
Jt.: g-,,,s .:-Jr.c:ol. 

:_:1:.:a:::wn. :Joimg ~m::. ::m_:.;:nmm~ ,·p~:i.;:. 
. :1.: ~n~cccwn Coot1::i.g :::vs;::::n ~-CS1 's 
~c:::i '" Jro·:icic: 1 :orc=2. .::r:'.J.i1cion nc..1 
:or .:c:c;{v ::.:::.c •e:-::ov:ll :7om chc: ~CS. 
.;.r:ci co :.:.._~;.s.--::: :rie ::e.i.c :o :.~e Comoo­
:1.::1.c Cao1ir:g \X-:;ce: )vs;:e:n 1c ~CS 
::!:n:::t::-1c-~:-: .if'.ci ~r:.S.St;:e Jc::!ow or !'Jt.:~ 
:o .: 5,1 ·;: :..::a ~· ~ j[b, :::i~ .. , . -:-:ic: s·cs 
_.. .... :-~ ... '..!..St! Jr· -~c:: :0 1.v ""r•C"sl.lre 'a.tC,....l 
~· .J,,.."'\........:1 - ,__ . ':'. ,_... - -. 

~;-.;c::-.:::or. ~._·3;:e:n. ~:-le .~eSiS::'.. :>ress;..::! or 
:::.: scs :::;.,s 6c::::: :r.c::-....sed · :o ;11)0lbi 
,n2'.:;.i. :.:il7'.oarc:d ·.vim in SCS oressur! 
.,r· .:;SS- -5,J[blin2 :or ·~·onggwang 5 anci 
~- l"::ic: .liC.r:-:o.ce '."-l?rurc: ;~e::gm or me: 

,,.,. ____ ...__ 

JRC FC 

,.,... ___ ..._..., 

Safe:v lnier.ion Svrmn. "'lnc: Sare:v [nje:­
cion ·svsi:e:n cic:li:.e:s bome:i ·.v;;.i:e: imo 
che roc:or coolant svne:n co rlood a.nci 
cool che core foUowi~g a loss of coolant 
accide::i.t. The Safe!:V [niecion Svste:n 
(fig 4). in conjunQon ·.vim enc 'ble:ci 
iuncci.on or· chc: Sarecv De::>ri:ssuris4.cion 
l!1d Ve::i.c Sysi:e:n, ls' tlso · cioignc:d :o 
re:nove core deav b.e:ic ind co rororc: 
chc: re:lctor coolan~ svste.'TI ~RCS! l.nve:i.­
corv in che .:venc . or· a coal loss or· 
recdwater (f~d anci bi~ci funcrioni. 
The orincoal ,;omoone::i.c:s or me: Sare':"r 
!ni~...ion Svsre:n ire cwo low ?rcss-ure 
Jllci :wo :Ugh ?ressure ;afe!:V inje:-.ion 
pumps. four me:v ~ie:-..ion cm.ks. .i. 

-:----....---0..,....------­___ __,-:-,__, 

-

"" Fig 7. Emergency F<?edwater System of the KSNP. 
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..t. Yonggwang 3. Yonggwang 3 and ~are 
the reference units for KSNP. 

inu has been used to enhanc:: operator 
effecr.iven~s - enabling rwo operators 
to control the plant during normal 
oper:mon. 

The main control room contains a 
compacr control boa.rd with multiple 
display and control devices which pro­
vide organised. hierarchical access co 
alarms. disolavs and controls. 

The corii.p~cr control boa.rd has the 
full capabiliry to perform all main 
control room funccions as well as sup­
por! division of operator responsioilities. 
• -l.. suoe:·vtsor· s .::onsoie :s also looted ln 
the main concroi room ro be used for 
monitoring. 

The plant protection and control 
svste:ns :::nolov modern digital rechnol­
ogy. including multipie...U;g and fior:: 
ootics both for monitoring and control 
fUnc::ions. :Vlulrioiexing o-rovides mor:: 
rdiaoie stg!lal c.:ansr-e:. -:eciuc::s cost and 
s1molifies ~'T10.1me:i.ance due ro reduction 
in the comoie:r..ir: or .:.:;.blc: :uns. Prore:­
rion :u11.1 con ::01 ;·.·sre:::s ::i.re :::ihvsicJ.liv 
;.nd iog;c:i..ih- sc::nr:;.reci 'oc::v.-c:~:i . :::ciu::­
ua..nc ;i:s~;::ns. 

DESIGN FEATURES:PSA 

:\ ieve! l :::irooaoiiistic sa.r.c:-:v J.Ssessmc::u 
P:S . ..1_.. has ·6e:::i :::ie:ior:r.c::i ~or ::ic: iZS\:? 

d1:Sigr-.. Sc::-tsirivi.r-: sr'-lciies have also bc::::i 

: ;:. KOREAN STANDARD PLANT -

pciformcd to analyse the cfi'cctivcncss oi 
che advanced design fearures employed. 
The core damage frequency (CDF:· 
estimated for KSNP is reduced bv :;. 
factor of more chan 10 comoared ~t.~ 
Yon~g 3 and 4, the rcfere::ic: unir:s. 

The reduction of CDF is mainlv due 
co che employment of advanced desig;: 
fcarures. For examole, the alte..-nace AC 
sources, Safety Depressurisation Syste.-n 
and Emer"encv Feedwater Svste:r:: 
reduce che ggure by factors of 1.9, 5.6 
and 2.6, respc=rively . 

The advanc:d :iesign r·ear-1.!!:! ;rr.­
prove che plant res?onse re s•:;.tior: 
blackout, loss offe::dw-a.te:, anci ~..ruie:1: 
evencs, which are maior conrrioutors tc 
core damage ireau'encv m :x1s~n~ 
planes. - · · 

LEAD UNITS AT ULCHIN 

l'lchin 3 and 4. ~ur:-enr.iv u:icie: .::or:­
str-.1ction. ar:: me le:i.c KS:\:P :.~:rn:.;. a:::: 
cies1gn work on :-wo ;-;;or: KS>."? uni::. 
Yonggwa.ng 5_ ~ci 6. is ;.:::ieciuie:: :cm.:: 
next ve:if. 'X ~moue ::::i....'1!?:U.£: :..1e 5K!~~­
:on or· me: KS\i!' :iesi!::n - lir-::;..:·: :::·:::.­
ooc:d. :::iianr ennanc:::nc:'.rn l.nc. ::n.:irov=­
mc::irs. will 6e rr:.acic: as ne-,1,· aes1!:::-. - . . . 
re:;.tures nor ?rev!ous:v :::no1ov:::: ~= . . . ·, ... 
Jro,·en ro oe ;;u:: :;.na ~e!1:l:::>1:: · !::: 
'fable 51. 
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KOREAN STANDARD PLANT 
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/i. f'"ig 8. Instrumentation and control 
system diagram for KSNP. 

5CS ;:ii;:iins: ;;.nC: comc>onents will noc ::ie . . - . . . . . 
ex:::aec a' :n!~ orc:ssure. wn1cn recu:::~ 

en: ::>Ossioii1:-: or- a:-, inr::7a::im: S\"St::T. 
ioss ·or- cooi;;:nr ac:ici:m ii &i; SCS !s 
:x::>oseci :c :n: :=-. .J! r:;;.:t0r :oo:;;.nr 

T'.i: ~,·...::ao111:--· or· en: SCS ci:.J::m: 
snutCOwr. ;ooiin£ ooe:;;t:.ion will D~ 
:ncrea.sc:d ·:-·: u,:- :!1m1r.at1or. oi cne 
d.l!to-.:ios;;:= :r.t:~:10.:K i~ :n:: SCS s~(­
cior. vaiv:s. :-:!gn ::i:aoiiiL'" or me scs 
au:mg rr.1c-iooc oo::aoor. 1s ac:u~e::: 
,:- :ne :r.s:ali4t:~or. ·or- pe=-o:.ane:1L :-e~­
:lling war:: ieve; :::ciic.u1on and ;;Ja:~s. 
T~e Conrain~:nr Sora,· Svsc:;n 

! CS Si !s ;; saic::-: grade: SvSt~m anci is 
ciesig;ic:d tO :::~O'-:-C: con:~nment n::at 
and- rc:duc: cont.ainmc:m :>ressure fol­
lowing a main Stea..T. iine Dr.eak Or JOSS Ol­
cool;i_;;-t accident. Fission ;:iroduc-.s arc: 
removed Sv the mrav so ·thar. in ciie 
c:vem of conc.ainm~nc· leabge, airoornc: 
aC""jvirv ac chc: site boundary will be 
rc:ciuc~d. 

-Svstem re11aoL11tv LS increased bv 
incorporating a dedicated cont.ainmeric 
sorav heat o:changer in KSNP, whereas 
i~ ch: reference plant design the con­
:.ainmc:nt sprav system uses the ?CS heat 
exchanger. The imc:rconnection be­
rwc:en Che: SCS and CSS i.s neverrhdess 
maintained in c:he KSNP so that. in c:hc: 
evenc of one or ooc:h of c:hc: snutdov.-n 
cooiing pumps being unav-Wable. one or 
boc:h of ;:he: containment spray pumps 
can perform the SCS funcrion (Fig 6). 

Em~gmcy Fwiwa-w- Sys=. The Emer­
$ency Fe::dwatc:r System (EFS) supplies 
te::dwater t0 the: steam gc:nc:racors to 

remove heat from the reactor coolant 
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S\'Stem to the SCS encr: condition 
(350'F and 410l'o/in:(a)). when che 
main and startuo fe:dwate: s-.•ste:ns are 
unavailable. Tn; EFS is conni?ur:ci into 
rwo separate independent subsvstems 
(Fig 7) Each subsvstc:m consists of one 
em~rgc:ncv feedwa~c:: stor22e tank. one 
}{)0°;;; capaciry motor-driven pump, one 
l 00% capacirv turbin:-ci.rivc:n pump. 
and associated piping and valves. Tnc: 
design features include the caoacirv to 
suppl~· fc:::dwate: for eighr nours during 
stat1or. biackouc 

Tn: EFS has be::n stmoiin::d b,· me 
c:iiminat1or, or me ::oss-connc:::-.ion oe· 
rwc::n c.-ains and im:>rO\"ement Or actU:<.· 

:ior. logic. Tnc: S\'~tem na.s oe:r. :.i:i­

g.-aded bv rr.akini use of saic:r: s:rao: 
~mc:rgc:ncy re::ciwarc:: rmk> 4nd .;c:nrur!s. 
prc:v::nrion or common mode faiiurc: ciue 
tO Steam oinciing. and ::iimination of 
:mc:;g:n=:: fe:d;.ar::: !solaaon 1:: me 
event or steam g::ne:1t0r •<illure. 

DESIGN f'"EATURSS: CONTAINMENT 

-:-~~ ;o:-i~a::-.m::nr :iro,·:ci:s ;; i::a.K-::£n: 
oa::1:: to ::>r:::iuci:.- ~nconc:olb:: :aciio-;;,c­

. i::v1~: reieise ~;"!. me ~v~:;: o~ ?OSr'..!i4~~G 
a;:1a:nts. 
VIQCS :>rot:::;:1on TOr SaJ.e:-: :eiateC SYS­

tems Uici eou:oment from" exte:::al n~­
ar~ such as. flooding or ar:::aI': ::a.sn. 

!he :ontainme:-ii: Duiiciin~ is d ;:ti~~ 
ci:1;:a; sr:uc;::.ire w!in ~ n:m!s:ine:ic:il 
ciome. it is :onsc:-..iciec or· ?r~r:ess:!c 
:oncrece ciad wiin ;; sr:::! i1:i::: :iiaie co 

endure chc:rmal and d\-namic loads aris­
ing from oostuiated · accid::ncs. Com­
pa'Ied with ·previous designs. the reaeto: 
cavin: has be::n e."'llargc:d and rearranged 
to caoture and cool 'molten core debris 
shouid the reactor vessel fa.ii unde: sc:vc:rc: 
accident conditions. 

Hear removal and fission produet 
removal i.n the event or oostulated 
accidents, such as main stearr: 'tine break 
or loss of coolant. arc: performed by the 
Concainmc:nc Spra~- Svsrc:m. :\.ll comaiP.­
mem ::>-:ne:::atio:is =-.xceo: :nose r:ouirc:ci . . . 
co oc::form a s;;.f::;· reiam:'. r.Jnc:ior. 
during posculaced acciciencs ar: !solatc:c 
bt· the Containment Isolation Svsterr. 
v:a c.hc: auromatic.allv initiared co~~P.­
mem 1solacion sisrr.ai. 

Followim: a D~stulared loss or coolan: 
accidc:m. ch": C:omousciole Ga5 Concroi 
Svsr::m ::ir:vc:nc.< me uncontrolled re-. . 
combination or comouscioie gas. .~. 
hvdroge:: Lgnite: S\'Stem r,as Oc::r.- aOO~C 

. - , .,. ' . r . 
t0 ::onrro1 nyarogc:n .:onc::m:aaor.~ ro!-
iowinsr a severe a.:.:idc::-i:. a..'lci ro r:ciuce 
:ne o~ssioiiit'" o;- ~ n•.·cirog::: ex:>iosio;. 
:,,. ::fimma[tnS! io:;;J n1>:n =one::: ::;;:ior.~ 
i:iirougr. cont;oli::c nvcrog::-. ::>ur;i::i~ 

DESIGN f'"EATURES: CONTROL ROOM 

\-\odern re::nnoiogic:s USLn£ sorrwar: 
based :omrol. auio-ma;:ic cc:st1ng. muic:­
::iic:xins:: aiarm ::>:ioricisa~ion. faui; rnle:­
a:ic:. and :omoure: driven ciisoia•:s nav: 
oc:c::-i "e::-:t>lovc:.d 1r. :nc: .:onc.:o;· roor.. 
design ; :=;g SI !--it.:.man :ac;o: :::1gir.e::-

Table 5. Summary of Korean PWR design concept 
development 

General 
• Caoacnv IMWe1 
• ::,es1gn lit! V:-'J 

Safety improvement 
• =uel lnerma1 

margin 1%) 
• Core oamage 

fn!ouency 
• Station olackout 

cooing time {h) 
• Containment 

• Source term 

• Hyarogen generation 

• Lic:ensing 

Performance improvement 
• Plant availaoility{%) 
• Refuelling cyCJe 

(montns) 
• Load-follow 

• Occuoational 
radiation exoosure 
(man-remly) 

• Man-macn1ne 
lnterfac:e 

S.1sting piantS 

600 - 10QC 
30 - .!O 

10-' - 1 C-:reactor-y 

Up to~ 
Severe ac::icient loac 
not cons1oerec 
TlD-14(1.4.4 

Severe a=<lem not 
considered 
Severe acciciem not 
considered 

-75 

~2-15 

Limited load-iallow 

-350 
Conventional ar.a1og 
control wrtn some 
digital 

Stanoardized unitS 

1000 
.!O 

5 

10-- - 1 (}'1reactor-y 

4 

Severe ac::iaent load 
cons1oered 
TI0-14844 and 
realistic source term 
{PSA) 
1 00% oxidauon W1:1'1 
10vlo limit 
Severe accident will 
be considered as a 
safety margin basis 

80-87 

12-24 
"lanned load-follow 

100 
Current advanc:ed 
technOlogy adooted 
with exceptions 

~ uture units 

~DOG or ovec 
5C 

15 

>8 
Severe ac::1den1 loac 
cons1Qerec 
Reai1suc source terrr. 

1 oo• .. oxioation with 
10 v/olimit 
Severe ac:odent will 
be consioered as a 
safery margin basis 
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2t. 
Daily load-follow with 
automauc f'reQuency 
control 

<100 
~ull advanced 
tecnnology adopted 
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In 1991, nuclear power was second 
only to coal in use for generating 
electricity. 

The Syste111 BO+tm 
Standard Design 
THE Nuclear Option for 
the 90's ... 

The demand for electricity is groiving -
it shoivs no signs of slowing down. To ·. 
meet this demand new power plants will 
have to be built in the 1990's. Concerns 
about global u1arming, acid rain, nuclear 
safety, and the use of scarce resources, 
such as oil, to generate electricity all im­
pact on the decision of how heavily to 
rely on any one energy source. Given the 
many options available - oi~ natural gas, 
coal, nuclear, ivaste-to-energy, or even 
solar - there is no single correct ansu:er. 
Rather, allfeasible alternatives must be 
considered and, in the long run each 
used iv here most practical 

Nuclear Power's Role 
Tod:i.y. there 1re 120 nucie:.ir plants in 
oper:.uion around the country. \!lore 
than 20% of ill elecmcirv produced m 
che C.S. comes from nucie:.ir power. 
saiely and without incident. Even so, 
we in the nucle:ir indusrrv :.ire well 
:.iw:ire m:..Lt the publics continuing 
concerns for saferv 1nd economic 
viabilirv of nude:ir power must be 
1ddressed 1nd satisfied. Thar's why :i 

'1e':V gene:-:Hion of nucle:.ir power 
?i:rnrs hased <)n evoiucionar• Jes1gn 
1mprove:ne:i.cs .ind known ;is .\d­
v:inced lighc W:..Lter Re:.icmrs '.\l 'X''"R) 
h:..Ls be~n developed. Combined with 
the govemmemal rer'orms under w:..Ly 
m che licensing or· sr::i.ndardizet.i 
nucle:ir plants. the nucle:ir industry is 

working hard to 1llevi:..Lre me public s 
concems. In the following pages you 
will see how .\BB-CE has developed 
;in evolur1on:..Lrv .U W'"R design c:i.lled 
me Svste:n 80"'" 5c.:ind:irc De:;ign 
whic:i is based on (he most ~uccess­
l'ul existing oper:uing pl:ims 1.11 the 
coumry. F:ic~ored inco .ilre:idv 
successful designs :ire more safery 
sysre:ns. :is we!! 1.s improvemencs LO 

make plam consrrucrion. ope:-:icion 
:ind maintenance e:.isier. Whe:1 1U 
~·ac:ors ;ire cake:"I mm ;iccounr -
e:wtronme:'l(:.!t. ~·~·'.)nomic. :iublic 
s:..Lr"erv. :.md ene:-gy -;ecuncy - .\l WRs 
such :.is Svstem 80..;. muse be con­
sidered :.i viable source of energy: 
one chat deserves LO be oart of :.inv 
pl:in for new c:ipacicy in. the 90's .. 



Evolving from 
Proven Concepts 
When the original Svstem 80' stan­
dard design <:vas first developed. it 
reflected the best that commercial 
nuclear power had ro offer. That"s 
wh\· ·we·ve chosen w build on its 
success with the new S\·stem 80"" 
Standard Design. This evolutionary 
~tand:irdized design mcorpor.ues 
imprO\ emems which h:ive :!\"Olved 
from thousands oi react0r ve:irs of 
nuclear pl:int oper:iting expe:-ience 
Proven fe:itures include: 

- dignal mini computers for core 
monitoring and protection 

- '-:uplex 80- human en~nneered 
C'."lntrol ceme:-

- long refuelin~ cvcles 

- l(H)0·r:· load re1ecrion capahiiiry 

Ltilities will recognize these fe:irures 
and many others as sc.ate-of-the-art on 
the 5vstem 80 design .\t the Palo 
Verde plant in Arizona. unit three 
produced more t0c.al energy in one 
year ( l 988l - some 10.865.800 
meg:iw:irt hours - than any other 
nucle:ir pl:int in the world. \X'har's 
most important about this accom­
plishment 1s that. because of these 
units. System 80 represents the only 
US standard reference design avail­
able roday with lOOo/o of the details 
completed: with fabrication. construc­
tion and start up experience fed back 
imo the design: and now. most 
importantly. with on-line operating 
experience to call upon. This experi­
ence at Palo Verde wiil be invaluable 
to the design and construction of 
future plants. as will the newest 
System 80 proiects now underway 
with the Korea Electric Po-.;\<·er Com­
pany in Yongvnng and Ulchin, 
Korea. 

Why the ABB-CE System BO+cm 
Standard Design? 
Tbe 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 a_nd 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, has 
formulated an industry-wide program to develop design 
requirements for the next generation of L WRs. It also 
measures up to the NRC's Standardization Rule (10 CFR 52) 
u·hich defines technical requirementsfor future plants i1l the 
L'S. It's a design that has been submitted to the SRCfor pre­
licensing via design certiflcatio1L In short, it's a standardized 
1300 MWe design that's here nou', ready for se1L:ice 
i11 the 9o·s. 

Simplification with 
No Reduction in Power 
SimplificJuon of the s,·stem 80-
st:i.ndard design has heen :i.ccom­
piished "'-'ithout reducing its power 
from 1300 \l\\"t: Ir's sized to meet the: 
dem:rnds of brger utilitie~ that are 
under!!,Oin~ moder:i.te WO"'-l:h ~ate~ tn 

power demand. as "ell :.is smalle:­
utiiiut:s th:.ir might te:11n together to 
O\\·n and oper:.i1 e nc:w generating 
unns. 



Palo Verde Nuclear Generating Station 
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Sate, Reliable Power 
\'\"irh safer\· :.inc reliabilirv as key 
''::.irchwords. t'.lere is :in important 
C\YO sre;J prog~:i!Tl in progress to 

develop :ind !ic~nse the Svs<em 80-
St:i.nci;.irc Desig:-: Firsc. che origin:.ii 
)\·::;rem SO design ha~ iJeen ree\·;ilu­
~Hed :.ind modified. Ch:mges h:.i\·e 
heen ort'fulh :11:.1de :.iccarding co rile 
ground rules s.e:: bv E!-'RI :.inc tht' 
nuclea~ utii1t1es :hemse!ves in rhe 
inJu:;m·-de\ eioot'd Al ~''"R Require­
ments Docume:ir. as well JS rhe 
requiremems stared in rhe :\"RCs 
Se\· ere Accide!"lt PoliC\'. 

\"RC cenific:.irion is expected as e:irlv 
as 1993. E:ich step of rhe wa\'. 
reli:ibilirv :ind safe~ are being 
:iddressed. And each seep of rhe \VJ\". 

:\BB-CE h;is addressed Uiese con­
cerns by impro\·ing instrumemarion 
;ind controls IO simplify rhe co­
ordinarion be1'\·een man and ma­
chine: by cre:i.ting redundancy in 
safe~ systems: :ind by developing an 
integrated planning approach for 
addressing mainrenance. operation. 
construcr1on. securi~ and emergen­
cies. The System 80+ Srandard Design 
will sarisfy the furure needs of 
uriliries. regularors :ind the public. 

3 



Rugged Dual Contlnment 
Svsrem 80.,. Sc:i.ncbrd Design im­
prove:nencs have been expanded co 
encompass the compiece plane 
design. This includes rhe cone;..1in­
-,enc building as well. Bas1olly. the 

.rncJinmenc scrucrure is J sreel 
sphere enclosed in J cylindriol 
<.::)ncre:e building. This provides the 
-;.ir"c'.\ . .iJ•.-:.ine;.J.ges 0r· :.i Ju:.il c:rncain­
menc rw reducing the pocencial for 
;JdiOJGive rele:.i,;e:; to the e:iviron­
rnenc Jnd :.iilows che pmencial 
:.iddicion of :i.n excernal sprJ\" svscem 
co remove he:.ic in the re::iccor in che 
evenc Ot J severe JCCidenc. And wich 
J 200 fooc diamerer. ics size gives ic 
:in :.idded advanc:i.ge in chac :i.nv 
hvdrogen thar mighc be rde::ised 
during J severe Jccidenc on be 
sJtely diluced :.ind con.crolled. 
C::;nfigur:.ir1on of che reactor ,·essel 
c:.ivicv is such that ic is :.ible to cooi 
molcen core macerial :i.nd prevem ic 
from being ejected directly inco the 
containment acmosphere. Finally. 
che plane's safeguard systems are 
housed below che spheric:i.l comain­
menr su-ucture :..1nd procected by 
thick concrete wJ!ls. This improves 
sabatJ.ge proceccion m:mendously .. \ 
srronger conc:iinmenc building, 
'Oec1fiCJ.lly designed co withstand 
~vere core damage 1ccidencs worse 

than occurred at Three Mile Island. 
and scores of other improvemencs. 
will provide renewed confidence in 
the safery 1nd srabiliry of nuclear 
power. 

What new design features 
are in the ABB-CE System BO+tm 
Standard Design? 
It's important to note that the evolutionary ALWRfeatures in 
the System 80+ Standard Design are based on substantial 
improvements to the most successful of the existing nuclear 
plants. Safety, performance and economics have 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 
passit1e plants won't be ready for sen;ice until the late '90s. 
Although System 80+ will rely more heavily on operators than 
might passive pla11ts, it will provide the operator with much 
more flexibility in handling unforeseen events than in the 
past. Literally hundreds of improvements have been made. 

Larger Secondary Feedwater Inventory in 
Steam Generator Extends "Boil Dry" Time 

Larger Pressurizer 
Enhances Transient Response 

/ 

Increased Operating Margin 

System 80+ Standard Plant • 
NSSS Enhancements 

I 
Enhanced Load Follow 
Capability 

Increased Heat Transfer Area 



New Sat~guards Systems 
To reduce che adverse impacts of 
upsets in plane operarion, ABB-CE 
has incorporated many new features 
which substanciallv increase the 
operating margin ~f the design. 
Improvements in the steam generator, 
for example, increase the water 
volume and heat transfer area to aid 
in cooling. More cooling capacity 
means longer cooling cime and more 
rime for the operator co acc. .~ocher 
newly designed feature (che Safety 
Depressurizacion Svsrem). provides :i. 
w:iy co safely depressurize che re:icror 
cooling sysrem :ind provide procec­
cion in an emergency - even :i.fcer a 
sevt:re :iccidenc ch:it damages che 
reactor. le Jlso includes che c.1pabiliry 
co provide cooling in che event of a 
coul loss of feedw:iter through a new 
··feed and bleed'' process chac :ivoids 
conuminacing che conuinmenc 
building - feeding wJcer inco che 
reactor. bleeding sceam ouc of che 
re;,1c:or .rnd condensing che sce:im in 
J large c:ink uf WJter ac che bottom of 
che concainmenc uncil J Jesired 
cemper:Hure is reJCht:d. The::- ohuc-
J<m n 1.:oolinl.( -;vstem h;,1s ot:~n 
upgr:L<lc::-d co J higher design pressure 
co make ic t::isier for the operator co 
use JnJ co pre•:enc che ...:h:inct: ch;.H 
raJioacti\·t: w:icer could le:ik from che 
...:oncainmenc through chis -;:::seem. 

Increased Redundancy 

Ont: of the mo.~t funJ:ime::ul w;,1\·s ro 
inc•e:1se -;afeev is to ...:re:lle ~t:Jun­
dancv: mulriple se:s ,)f -;\stems chat 
hack up t:Jch mher Tht: s,·scem 1'0+ 
:-icand:ird Design doc::-s iusc th:ic \v1ch 
Jn Jrr..1v or· fe:icures thac improve nor 
onlv safety. but reli:ibiliry JS well. 
>iow there are four trains. or sources. 
of t:me:-gencv feedwacer co cool the 
reaccor :.ind protect ic from overhe:ic­
ing after being shutdown. -:-o prevenc 
Jnv possibilicv ot this feed\'.·acer being 
cue off. t>vo sources :i.re driven by 
electric motors. two by sce:im tur­
bines. In still another effort. co ;issure 
uninterrupted prorecrion. pumps in 
che shutdown cooling syscem :ire 
identiCJ.I co chose in the concairunem 
spr..1v svscem. Jnd therefore. :i.re 
incerchange:ihle .. -\s J n:'.suic. comple:e 
wacer flow c:in be maim:iined in 
either sysrem if :i pump is nor J.v:iil-
1ble. To guard lgainst che loss of 
outside power to ;iny part. of che 
pbnc. :morher diverse power supply 
(;i combustion turbinel h:i.s been 
added to the Jlre:idv e~ring diesel 
:i.nd baa:ery back-up svsrems. In this 
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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. che loss of ;,1ny cric1ol ;·uncuon 
is extremely unlikely .. -\.nd rin:illv. co 
minimize damage in che ~vent of r·ire 
or sabotage. safety systems them­
selves are cont:iined in sepance 
quadrants of the plane. .-\.n evem chac 
damages one cr..1in of l saferv svscem 
c:in·c re:ich rhe others. With design 

reciund:incv in key plane lre:.t.S. 
uci..licies lre .sure co find :i.n t:Xtr.l 
margin or' saiery and reliability never 
before possible. 



What about the relationship 
between man and machine 
in the ABB-CE System BO+ 
Standard Design control room? 

The TM! accident heightened the nuclear industry's awareness of the critical importance q 
the man-machine interface to producing safe, economical power. As a result, the most 
dramatic advances in the System 80+ design have been made where man ultimately/aces 
mac_hine - in our totally redesigned Nuplex 80-'r!"' advanced control complex. What bas 
happened 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 
host of other advances have all helped to dramatically improve the design of tbe control 
room and the way information is presented to the operator. For the System 80+ control roo 
it represents a total revamp in the u·ay information is collected, transmitted and processed 
for 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 comprehend: 
simpler. but more complete. It's simpler because computers will reduce the amou1lt of infor­
mation continuously presented to tbe operator. Yet it's more complete because it u·ill allou· 
access to all plant data at the touch of a finger. 

_ _..,.-
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New 

Nuplex. 80-r significantly reduces operator information overload by using proven techniques. 

The IPSO Display 
In whac mighc be besc described as 
che wacchdog of che plane. a large. 
dynamic display screen in che control 
room provides an overviev.· of che 
pl:.mr"s scacus at all cimes. \amed 
IPSO. for Integrated Process Status 
Ovt:rview. rhe dispbv can also be 
:iccessed on couch-sensicive CRT units 
throughout :he control room and in 
the adjacent Technical Support 
Center. as well as off sice in an 
Emergency Operacing FacilirY. From 
rhe control room panels. \"irtually all 

a\'ailable information on the planr"s 
starus can be accessed. Progressing 
from the overview. more detailed 
infom1auon c:i.n be accessed on any 
particular syscem. Again. simply by 
touching a CRT screen. the operator 
can further ·down-shifc,. co select 
informacion on individual compo­
nents in chat system and check for 
trouble. Preventing operator overload 
and minimizing confusion are funda­
mental to reducing hum:rn errors 
ducing both normal and abnormal 
situations. Through the use of such 
vastly improved man-machine 
interface features. the operator can 
more rdiably taKt: a course of action 
ro maintain a safe power producing 
mode in the plant. 

The "Big Board" Integrated Process Status Overview {IPSO] is visible through· 
out the control room to coordinate staff activities. 

Simplifed, Prioritized 
Information 
Control room alarms have been 
improved in a number of ways. They 
have been prioritized to assist the 
operator in determining which 
actions to cake and in what order. In 
addition, the number of alarms being 

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

Unburdening the Operator 
As an example, in earlier control 
rooms. there were :is many as 19 
different gauges to measure and 
indicace the \'arying ranges of pres­
sure 10 the reaccor coolant system. 
The operator was required co deter­
mine che most appropr:ace gauge for 
a given plam condicion. '.\ow the:: 
numher of electronic pressure 
displa\·s on the:: comroi panel is dot;\·:; 
ro one. with che ochers a\'ailabie ac 
che couch of a finger. Wich micropro­
cessors anal,·zin~ and \·alidatinlo! 
information .co d~cennine the m-osr 
accurate readings. the operacor is 
unburden~d from the c:isk of sortin(Z 
redunda nc inforrr:ation: :i. c~cic:il -
f:.1ctor in m:iking him more effective 
and reliable in hi:< 1oh 

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

ON FEBRUARY 28TH THE NucLE.AR REGUL\TORY 

Commission (NRC) scaff issued an advance copy of its 

Final Safery Evaluation Repon: (FSER) on the System 

80+ standardized nuclear power plane design developed 

:,, .. ~.38 Cor.lbuscion Engineering ~u..:lear Power co­

gd1er with Duke Engineering & Services Inc. and 

Scone and W ebscer Engineering Corporation. The Sys­

rc:n SO.,. design is now ;ec co receive Final Design .-\p­

proval in August: of chis year. 

[m;cd on-scnedule and wich iii rechnic.11 issues re­

solved, che FSER signals a m;;.ior milesrone in an im­

mense licensing proje-:r :rnd serves a.s proor· char iris 

flOSSiolc: for government and industry CO resolve sarety 

issues while adhering co a schedule. 

The FSER provides :--;RC start acceptance of the 

5,·scc:m i)Q.,. advmc:d plane design. Rc:cetving f~nJ.i • 

Design Approval is c:ssencial for .-\B 8' s bid ro consrrucr 

Taiwan's foun:h nucie:ir power plane. The T .uwan pro­

jec: is due co be: awarded in the cnird quarter or· ::nis ye:ir 

rnd ~ouner: of urigin ~icensing '.s one: or· che maior Jici 

requtreme:i.cs. 

Tnc: 5,·srem 30+ plane :s an c:·:oiurionar:-1 design oased 

on chc: dire: Sysce:n 30"' unics in oper:icion ac Palo 

Verde and rhe four unics under construction in Korea. 

7:-iese Korc::in uni cs incorpor:ue a number of rhe lci­

\·anced fearures or· the System 30.,. design. Concinued 

implemc:nc:ition of System so~ rechnology is uncle: 

consideration for fu.rure nuder plmt developmem in 

Korea. 

Design C:rt.inc.uion is a process established in the L'.S. 

~RC regulations which allows for the pre-licensing of 

standardized nuclear power planes in the U.S. The suc­

cess of the project ro license the System 80+ design is 

credited co the commitment shown by all of the in­

•:oi\·eci parcies co making me '.'i°RC's new Design C:rri­

hcacion process work. Without chis commirmenc. and 

the spirit of cooperation between .-\BB, ics re:un mem­

bers. utiliry advisors. the Deparunem of Energy. and 

the ~RC. no design. however good. could have ho~ed 

co navigate enc: new licensing process so quickly. 

....... -... ·-· '·:J:'t:.. .. ·. -· 
.· ·i·- .·. 

:~);/ 
~ ... :.r..... ...... ~.- . 
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Standardization and 
Design Certification 

Plane by plane licensing 
me:inc higher cosc.s 

·~ C cilirv companies 
·.vere commmed co 
?lane .:onseruct1on 
::ie~ore iesigns were ii­
.:!nseci ind completed. 

., '-.: uc!e:u ·1endors 
designed on iv .J. plane·; 
nude:u componencs. 

:J L- rilines were re­
;ponsible for designing 
che balance of che pi:mc. 

: Lick of mmdard.ized 
designs oii:en me:inr 
iengrhv .:on~rruccion 
.l!ld lic:nsing de!avs. 

.~ De!avs meanc chac 
over half of .J. power 
plane's cost was due ro 
incerese charges. 

""J Oper:ieing licenses 
were o nl v gran eed based 
uoon che :inalvsis of 
c~mpleee!y co.nsrrucred 
?l:uics. 

J L" ciiicies often had co 
make ?aymencs on 
.:ompleeed bur inoper.1.­
cive f:icilicies while 
iwaicing complecion of 
che licensing process. 

Design Ccrtincacion of 
scandardized designs 
saves cime and money 

.a '.'iRC .l.pproval is 
5r.inec:C 'Jerore :ieilicies 
..:omm1c monc:y ~o 
.J. projec:. 

1 '-.: ude:u vendors 
design me :nme 
nucle:u plane. 

~ ~ uc!e:u vendors :ue 
~esponsible :or pre­
iic:nsing cheir power 
plane designs before 
ucilicies commie co eic­

pensive conseruction 
proiec::s. 

::i L' ciiicies are responsi­
ble for obc:i.ining sice 
licenses. 

:II Standardized power 
plant designs mean 
reduced coses. 

J S candard.ized nucle:u 
power pl:i.ncs :ue builc in 
as lirde lS half che cime. 

:I Pre-licensing elimi­
naeo del:i.vs. 

NRC·s Dr. Thomas Muney. 
Oirec:or of Nuclear Reac:cr 
Reguiation (left). congrat"­
'ates Racer. Newman. 
=>resicent of ABB CE 
Nuclear Svsiems. 

Issued on 
schedule and 
with all 
technical issues 
resolved, the 
advance FSER 
signals a major 
milestone in 
the nuclear 
industry . 

Jl 1111 
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Aoril 1989 0CT08EA 

The System 80+ 

Design Certification 

Schedule (per NRC 

staff schedule 

SECY-93-097) 
ABB-CE submitted me 
System BG+ design lor 

NRCrev1ew 

NRC issued me last official 
Request for Addrbonal 

Information (RAI) 

An 
Advanced 
Control 
Room 

A new oreed of 
control rooms 

The Nuplex 80+ Advanced 
Control Complex. 

IT :.:SEO TO BE TH.H .• L'SER-FRlE~DLY" wasn r one or 

the nrsr Jnrasc:s .Jne would use: ro describe :ne conrroi 

room or~ oowc:r plane. 

:=;iied wir:i massive amoums oi°knobs. sw1rchc:s. anci 

indicarors. convemional nuclear plane comrol rooms 

required from four ro six operarors. The: mulriple 1ndi-

carors and alarms sometimes result in an overload 

oossible human 

error. 

vanced conrrol room 

changes all that. Smaller in size 

and simpler ro operate than currem 

control rooms, ic has been designed 

with me: nec:ds of the: opc:racor vc:ry much in mind. 

April 

ABB completed 
resoonses to 
NRC RAIS 

SepternDer 

The NRC issued as 
Oratt Saf81Y 

Evaluation ReDOlt 

The '.'uplex 80- .\dvan;;eci Conrrol Complex uses 

dig1cai ?rorec~1on. conr~ol and monitoring S\'Srems 

basec on proven. comrr:erc:allv availabic: hardware:. 

Computers collecr inro;:narion abour operating sys­

rems and imerprer ic for the: operator. The: readings 

from me: sensors in the: Jianr arc: verified and \•aliciacc:d 

b,· rhc: computers. and ;;.;:curare: readings arc: displayed 

on a conrrol panel. \X'hen a problem occurs, comput­

ers pinpoim the malfunc::..ion and alert the operator. 

who can chen e:i.siiy ac::ss addirional iniormarion on 

arn· S'\'src:m and rake cor~c:ccive action. The confusion 

has be:n eliminated. 

So c:fficiem is rhc: comrol room, in face, char it is able 

co be run by a single operaror. 

The >iuplex SO+ Advanced Conc:rol Complex has 

been an imegral part or· ::he review and approval 

process of the Svstem SO+ design. In face, iris now the 

onlv advanced conrroi .::omplex approved by the U.S. 

.'.'JRC. 
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NRC approved the 
lnspectJOnS. Tests. Analysis. 

and Aa:eotance Cntena I~ APR&. 

A88 will complete 
responses to all NRC 

comments and 
issues 

NRC wiD formally 
publish Iha System 

80+ Final Safety 
Evaluation Rapon 

SUmleER 

NRC will issue a N011Ce 
of Proposed 

Rulemaking IO actM!l'f 
seek public 

oartx:ioation in the 
certification process 

FSRUARY M.t.v 

NRC ,Gtt ISSUed an advance rorry Advlsorv Commrttee on ReaC1or 
oi tna Svstem BG- cinal Saieiy Salegua.OS will aocumern ns reY111w 

AuoUST 

NRCwilli11ue 
ilS F"tnal 
Design 

Approval 
cvaruation neoon ol System 80+ 1n a letter to ll'le NRC 

.. ·· 

In what ways has the System 80+ design -
evolved from the System 80 design? 

Major Enhancements 
from System 80 
Operating Plants 

Nuclear Steam 
Supply System 

• Increased margins in 
reactor coolant system 

8 Improved steam 
generator design 

II Four-train emergency 
core cooling and 
emergency feedwater 
systems 

• Addition of a safety 
oeoressunzation system 

• Full flow testing 
cacability in all 
safeguards systems 

• Improved design of 
shutdown cooling and 
containment spray 
systems 

• Nonsafety grade 
eves with centrifugal 
cnarging pumps 

• :=orged reactor vessel 

Balance of Plant 

• In-containment 
refueling water 
storage tank 

• Use of auxiliary 
transformer to provide 
second source of 
offsite power 

• Four safety bus 
arrangement 

• Elimination of raw 
water within the nuclear 
is1and 

• Spare feedwater train 

• Addition of an 
alternate AC power 
supply 

Instrumentation and 
Controls 

• Human Factor 
Engineered advanced 
control room 

• Big board overview 
display 

• Alarm prioritization 

• Mode dependence of 
alarms 

• Data reduction and 
validation 

• Sensor reduction 

• Continuous on-line. 
automatic, self-testing 

• Built-in expansion 
capacity of control panels 
and electronic eQuipment 

• Modularity in design of 
equipment 

• Extensive use of 
multiplexing and fiber 
optics 

Radiation Protection 

• Reduction of cobalt in 
primary system 
components 

• Segregation of 
radioactive from non­
radioactive systems 

• Provisions for shielded 
maintenance access and 
workspaces 

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

Structures I 
Architecture 

• Dual, spherical 
containment 

• Entire nuclear island· 
on common base mat 

• Structural boundaries 
provide separation of 
safety eQUipment 

• Dedicated aisles and ·~ -
corridors for operations- -,;;~ 
and maintenance access'. 

• Abundant laydown -.. ,. 
area near all equipment 

":""\". -_, ' 
."':" .-~-...:· 

Working as a Team 
Produces an 
Integrated Design 

THERE AR.E.'\:
1
T TOO :-..V.."<"Y PROJECTS which require as 

much precise coordination as designing a power plant. 

That's why ABB pur rogether a single integrated ream 

to de\'dop rhe S~·srem 80.,. ad\'ancd nuclear power 

plant. Having everyone on rhe same ream and 

devored to a single proiecr ensured rhar all of rhe 

different demenrs in rhe design would fir rogerher 

seamlessi \- _ 

When rhe '."uclear Regulator: Commission ('.\:RO 

licensing re\'ii:'-'-· process began. rhe sheer number of 

design derails required rhar the\· be handled in as 

efficient a manner as possible. Issues raised b~· rhe 

!\"RC were di\'ided inro rwen~· ''chapre~s." rhe 

responsibilil"\' ror resoh-ing rhe issues in each chapre~ 

falling ro a singie "chapter champion." 

Delegaring responsioilin· 1n chis manner was neces­

sary in order ro meet impon:am deadlines. 'W'hile e:i.ch 

chapter champion dealt directl~· with his or her coun­

terpart: ar the >:"RC. meetings berween chapter cham­

pions were held weeklyso as to insure that design 

changes were well coordinated. 

Because ar ABB, system inregrarion isn'r an abstract 

concept; ir's a daily event. 

De:allEll 
~NRCwiDcartity 

Sysutmao+ior 
consllUdicn and 

OOBl1lion 11 Iha UMed 
SlateS 

Big on Safety 

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

That's why the System 
BO+ Final Safety Analysis 
Report comes in 26 vol­
umes - hardcover. Sub­
mitted to the NRC for 
approval. this report doc­
uments all facets of the 
System BO• 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 BCH- design to a 
level of scrutiny hereto­
fore unprecedented: dur­
ing the licensing review, 
ABB answered more than 
4.500 detailed questions 
from the NRC. 

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

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

The System 80+ 
nuclear island, 
featuring spheri­
cal containment. 



Evolutionary 
Designs: 
Building upon 
Excellence 

The System 80-
nuclear power olant. 

A 7 ABB. EVOLUTIOt-; MEANS STARTING WlTH THE 

a::s-:- :rnd improving upon ir. 

T:-te e\"olurionary forerunner to rhe System 80· plane 

ciesign is rhe System 80" ]'.;uclear Sream Suppl:· Sys­

tem. The System 80 design has 

demonsrrared irs soundness rhrough 

superior performance and an ::xem­

plar;· saret"\· record. 

Tnree System 80 nuclear units 

make the Palo Verde plane in Ari­

zona the counery"s largest nuclear 

power facilit"'·. In addirion ro being 

the first standardized nuclear reac­

tors built in the: L".S .. these rhrc:c: 

units have se: numerous sar·e:-\· and 

pe:iormance records (see box;. 

Four more System 80 planes are 

~resencl\' under construction in the Republic of Ko­

rea. :\BB has been involved in a comprehensive tech­

nology uansfer program with Kore:in industry since 

198:'" .. .1Jread:· incorpo­

rating many ad­

\"anced features 

raken from the 

System 80+ de­

sign. the first of 

these four units will be 

loading fuel chis year. 

With three uni rs already operat­

ing and four units nearing comple­

tion. the System 80 design is a 

proven success. 

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

Thar"s why, when developing the System 80+ nuclear 

power plane, we srarced wirh rhe System 80 design. 

"\X'hen you've got something chis good. rhere's no rea-

son ro stan: over. 

System 80~ Plants Set 
Performance Records 

• 1988 Palo Verde generates more 
electricity than any other U.S. 
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. 

• 1990 Palo Verde generates more 
electricity than any other U.S. 
nuclear facility. 

• 1991 Palo Verde generates more 
electricity than any other U.S. 
power facility-nuclear or fossil. 

• 1992 Palo Verde generates more 
electricity than any other U.S. 
nuclear facility. 

• 1993 Unit 3 generates more electricity 
than any other U.S. nuclear unit 

jl 1111 ,.,1,1 



Separating Safety 
and Non-Safety Functions 

In exisung pbnts many svscems ;ire 
c:.illt:d uron to perform more th;in 
one function. \.'erv oflen. this me;ins 
pc:rforming ;i safe[\,· function Jnd non­
safetv funcuon with the same: piece 
of equipment. In almost all cases 
in\'oh·ing the S~·srem 80 ... St:indard 
Dc::si~n. safc:ty and nons:iferv func­
tions have heen separared. making 
life c::asier for the planr orer:i!Or and 
simplifying the m:iintenance proces:-; 
as well. 

More Room for 
Maintenance 

The steel spherical containmenr. in 
addition to other advantages cited 
earlier. offc::rs anocher big plus when 
it comes to mainrenance - more 
room .. A.t 200 feet in diameter. it will 
be ·among the largest conrairunent 
structures in the v.·orld. Because of 
the spherical shape, the operating 
deck will be much larger than those 
found in any current l!S 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 significanr 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 

ABB-CE's System BO+tm 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 maintaiTL 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 /\iuplex 80+ control room At the same time, 
maintenance has 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 reliability and reduce the likelihood of operator 
or maintenance error. 

circuitry .. -\lthough it sounds com­
plex. the end result is further simplifi­
cation. Personnel errors. usu:.illv 
1SSOciated .,,.1th mainten:.ince :ind 
testing on plant systems. -v.:d\ be 
significamly reduced JS J resulc of 

this procedure. Overall. it will not 
only simplify Jctivities of plant 
personne! bur it will also reduce me 
number oi unplanned re::icror shut­
do'Wns due to operator error. 
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The present sw.g: oi development oi nucle:ir power engineering both here and abroad is characterized by the high-priorit: 

task of increasing the safety of operating nucle:ir power plants and the creation of react0rs of enhanc::d safety for nuclear powe~ 

stations of the !'lew generation. the outlook for the de·:elopment of nuclear power is unique!y dete:::nined by the possibility c; 

guaranteed safety of •be population and environment. A bigb level of safety is achieved by the !.mproveme:u of active anc 

introduction of ?assive protective J.nd -:ontainment systems as ·.well as the ;uccessi ve realization of tbe concept oi inherent sar"e:~­

T'Je creation oi new-generauon :eact0rs wnh ;elf-prote:;:ion will e:isure immunny to equipment malfunction and ouman e:-:-or 

limn clle ::idiauon :::'fec:s of :be most serious ac:::dents. and malce it :.innecessary to ::·1acuate tile population. 

Considerable ;implilication oi tbe systems by tbe use of passive safety systems. economical c"uel cycles. :nodular Jn~ 

Jigil-quality rabnc1tion. and pro..-en a.nd Jig!:l·longe·lity ::quq;ment ·.111il make it possible to improve tile ::c:momic fac:ors oi '1e';.. 

gener:ition !'luc:e:ir ;:iiants ·.11ith reac:ors of e:'lhanced ;aiety. 

7he ;iroble:n of cre:ition Q( ::i' re:lctor with the highest mainable ;afety has been solved mc::::ssiully as applied to::·. 

:eactor appar:itus oi the AST-500 nucle:ir be1ting station. whose :iigh .;ar"ety has been ·;oncirmed b~· che e:tpens oi the I..l..E . .1.:: 
::.:. Thereiore. cbe t"und:unental ;aie:v ie:nures 0f the AST-500. suc!'l lS .1n inte~rateo re:ictor -:onstruc:.ion. the tise of a .:ontainmi::~ 

·1esse~. 1nd oassi..-e ;ac"et'.I systems with different ope:-rnng principles with large margins 1m1 ;elf-:i.ctu:ition bave provided ,;:;, 

cQ.Sl.> c"or ::ie "53•)-:'v!'.V 'i?9E~··:ii)l) !:'lhanc:d-;aie:y ;:iowe:- re:ic:or. 

Re:.ictor Con.struction. Tile li?SE~-600 is 1 ·;.·ater-mode:-1ted-water-cooled ince:,ir:ited ~e:ic:or in J -:om:unme::H ·:ess~ 

tcr lcc:liiz:iucn oi l-:~:dencs :issociared ·.i.;ich Je;:iressuriz:ition 0r' :he J1oi::s or" •he rirst loop or ·:esse!. T:ie :megr1ted impie::nentJt:·: 

is c::tarac:e:n::d by the placement 1n l :;ingie vessel ol ~he core ·.virn .. .,,ork:ng org:ins or' che :or: .. ;:::ntrol s:istem ! CCS'i 1nii :: 

!:le:it-e:tctlange ;ur.·:ic! oi thi:: steam 4enerator and pressure -:ompe:1sater. woose t"uncuon is ;ierformed by the upper space or":: 

re1ct0r vessei ::ibove the coolant level 1 Figs. l and 2l. He1t removal from che core is accomplished by (arced coolant circ:iiatic 

by means ui tile main circulation pumps oi tile drst loop. wh1cil Jre built into the bonom oi the re:ictar vessel. Tne veruc 

cencnfug::i.I pump llas 1 hc::-metically sealed elecrnc motor. 

Above tbe .:ore is a unit or cubes and devices that ;e:il the ruel-dement-sec:ion caps that contains guides for tbe CC 

working orpns. C;::olant is supplied uniformly co the tubuiar steam-generator systems through ope:110gs in the incravessei we 

in an Jnnuiar g1p bet'-lie~n the :e:ic:or ·1essel and the intr:ivessel well Jt a le·1el above the core is the :ie:n-excilange ,;urface 0i :: 

onc:-tllrougtl ;re:un ~eneraror. wb1ctl .:onsists oi inde?e:1dent secuons. At the entr:inc:: to tbe core is a pressure ;tlamber. ·;.·b,. 

~nsures a uniform discribution or coolant ifow over the fuel-element ;ecuons. Owing lO the Si.m\)liCicy or the loop. l bigil le· 

or natural circulation is created. which is sufficient for reliable core cooling in all emergency 'lituations. including ;te: 

condensation wtlen the water circulation is interrupted . 
. \ feature oi the integrated arrangement is the presence oi J large water space between the core and the reactor vessc 

woicJ lets lS a radiation sbie!d. This reduces the neutron duence to suctl an extenc (LO 5-10 16 cm-:) that changes in tile pro\)erc: 

oc" the Jl.e:al oi the ~e:ic:or vessel under the induenc: of radiation are not a problem. Above the steam generator and below :.· 

coolant level l!e he:it ::xcilanger-..:ondensers r"or emergency removal oc" heat from the re:ic:or. whicn operate as condensers ·.11t: 

the :irst loop is depressunzed. On the re1ct0r .:over are individual e!e~tromechanical CCS drive mecnanisms. by means or wtJ: 

tbeir worlcing organs J.re moved for control and are dropped into tbe core in c1se or" emergency. Ionization chambers are plac 

in the space between the intravesse! well and the reactar vessel at the core level. 

Special Design Office or Industrial Engineering. Russian Scientific C.:ncer -Kurchatov Institute ... Translated from .\tc 

naya Energiya. Vol. ~::. '.:'l'o. l. pp. 6-13. July. 1992. 
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Fig. 1. Over:ill ·.-:ew 0c" V?SER-·')00: i) upper unic: 2l Jrive me1.::ian1s;n Jr' ::rn=··:0ntrol ;ysre:n: 3• le·:el cnecer: 

~. 5·; ~!JC:Or :over .lnd ve;se!: :5'1 he:lt !:(.t:hanger-..:onden;er-. ~) S1e:lm ~ener:iror: 3) unlC tb:lC ;eJlS ruel·e!e:nent· 

:ie:::ion . .;Jps: 91 1nrravessd we!!: l 0) core: l l) ioniZJtion .;hamber: I 2) cirt::JIJLion pumps or Li.rst loop. 

Fig . .Z. Cross-;e:.::ion or VPBER-'500: l l fuel...:lement ;ecc10n: 21 Heam-~enerJtor set:tion: 3) re:i.ctor vesse!: 

~) pipe oi steam-~enerJtor ;e:::ion. 

The :0re of the V?SE?---500 ..:onsists or' 15 l fuel-element ;e,,;tions with fue! ~!e:nents ;imilar to rbose use::! in rbe VVER­

!000. E:ich fuel-element ;ei;tion ..:ontJins .ibsorbing elements - rods with ..:1dm1um boride. whid1 1re ..:ombined in a cluster Jnd 

r'orm rhe working 0rpn of the .;ore-·:onrrol sysce:n. In rhe core Q( the VPSER-600. :he parame:ers Jr' the cue! !attic: :ire the :;ame 

as in the vvE.~- !000. The boric-1cid ..:oncent or the coolant is reduced as compared w1Ch tbe VVER- !000 to ensure for the adopted 

fuel-lattice parameters neg:i.tive v3Jues of the sce:im coefficient oc' reactivity and tbe coefficient of reactivity wilh respect to coolant 

temperature over the entire range or operating temperatures. ::-legative teedback tor t:oolant tempe::arure ensures power self· 

limiting under emergency t:ondiuons with an incre1se in power :ind ce:nperacure in rhe core: :i negative steam coefficient oi 

reactivity e:isures ;elf-;ilucdown or rbe reacror w1Ch depressurization or' the rirsr loop. A bigilly effective mechanical system is 

used to compensate for re1crivity in the .;ore. \-lose oc" the rue!·<!le:nent s<!~:1ons Jr' cbe ~ore tlave CCS working 0rgans. The 

mecbanicl.l sysce::n makes 1t possible to lchie·:e reac.::.or subcricicllity in cbe -:old depo1soned 5tare in the lbse:ice or bone J.c:ct ~n 

the moder:uor with Jl!owance for suspension oc the most-dfective 0rg:in in the e:(.treme upper position. 

The reactivity margin for fuel bum-up is compensated for JOtntly by the CCS mec.:hanica.l working organs. the boric acid 

in the coolant. 1nd I.be se!f-:>ilielding bum-up absorber. The use of gadolinium in a mixture wicfi Ache fuel is being considered as 

an absorber. 
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F:-om wat:.t!r­
p reparat:. ion 
syst:.em 

Fig. 3. VPBER-600 reactor: 1) main circulation pump: 2) reactor: 3) steam generator: 4) beat 

exchanger-condenser: 5) system for continuous he:ll removal: 6) self-actuated direct-action device: 7) 

intermediate heat exchanger: 8) CCS drive mechanism: 9) containment vessel; 10) protective envelope: 

11) he:ii-exchanger unit: 12) system for c::mergencv boron introduction: 13) containc::r wiib boron 

solution: 14) system for passive be:it remov:il: 15) system for purification and boron compensation for 

reactivity: 16) make-up :;.ysiem. 

The average core energy is 69.-1. kW/liter. and the Jverage line:ir power oi the fuel dements is 114 W/cm. Tb.: mode::ir: 

energy in1ensi1y makes it possible 10 achie·1e high he:ii-engineenng margins in normal operation and planned emergencies JS._.:!: 

as saie:y of the '.ns1alla1ion in unplanned :::nergencies. To increase fuel bum-up. provisions ire made for rearrangeme:n or' :t:: 

fuel-<!l.::meni se:iions w!lh placement of the most bumeu-up fuel mainly ai the periphery or' the core. which reduc::s 1e:.i::cc. 

leakage. 

The core allows the realiz:iiion or' fuel cycles witb Jiffereni recharging multiplicities and operating inierv:iis betw~~~. 

recharging. The main characteristics oi one of the core·recharging regimes are :is follows: 

Core equivalent diameter. cm 

Core beigbt. cm 

Number of fuel-element sections 

. .\verage enricbment of make-up fuel. "'o 

Number of rechargings per run 

Interval between reloadings. years 

Average bum-up fraction or' unloaded fuel. 

MW·day/kg 

305 

353 

151 

·U5 

4 

1.5 

50 

The reactor and all of the systems that are under tbe pressure of tbe first loop during operation and placed in a cootainmer:: 

vessel. Location of tbe re:ictor in a second strong vessel designed for tbe pressure that arises witb depressurization or' the :iro· 

loop i::nsures that tbt? core remains below tbe water level. prevencs fuel melting. and serves as an Jdditional passive bame~ :·c: 

.::oncainmenc o( radioactive products. The re:ictor is loc:ited inside a strong and dense concrete protective i::nvelope. 

The development of the VPB ER-600 is based on experience gained in tbe creation and successful operation of nuc!e:ir· 

powered icebre:ikers and . .\ST-500 bea1ing plants. The -=ngineering soluuons regarding <!quipmem sucb as the leak-prooi mair 

circulation pumps. tbe once-chrougb steam generator. the comainmenc vessel. and the passive self-actuating devices bave be::~ 

reliably assimilated and mastered. The leak-proot main circulauon pumps. whose loading is noc less than that oi the pum~s 0· 
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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 cf operation without loss of performance. The technology of pump fabrication bas been mastered, especially 

in mass production. The design of the once-through steam generators bas been checked e:tperimencally, and the steam generators 

have undergone comprehensive tests and operated with the required characteristics in nuclear plants. The technology of fabrication 

of steam generators with a large number of steam-generating elements bas been mastered and the mass production of such elements 

has been organized. 
A containment vessel of similar construction is used in the AST-500 and has been thoroughly checked and in substantiation 

of the design and acceptance tests. Compartments for transport nuclear 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, bydraulic:illy controlled pneumatic distributors, and membrane fuses. which are widely used in the 

AST-500 and nuclear-powered icebreakers. have been tested and accepted for production. The principal technological problems 

associated with reactor-vessel fabrication have been solved. The design of the VPBER-600 equipment permits thorough bench 

testing of individual elements, sections. unics. etc. with confirmation of all speciiic::uions before being put into operation at a 
nuclear power station. 

Layout or Reactor. The VPBER-600 is a ewe-loop wacer-moderaced-wacer-cooled integrated-vessel reactor (Fig. 3). The 

tirsc loop includes cbe main circulacion loop. ·.vnicb is located inside the re:iclOr vessel. as well as systems for pressure compen­

sation. coolant pur11icacion. and liquid-absorber extraction. This loop is serviced by systems for water preparation. tilling. and 

make-up. sample laking, air removal. and drainage. The second loop consists or 12 independent sceam-generacor sections with 

independent water supply and steam removal beyond the containment vessel. The ste:im-generalOr sections are joined in four 

loops. tbrougil wbictl the steam is delivered co the turbine. t'rom which the supply water is returned. The beat-engineering 

paramc:ters l!e maintained by me:ms oi the: liow rate oi supply water through the: Heam genc:racor and control or' che drst-loop 

tempc:rature. 

The accepted statisucal parameters are dose m tbc: natural charac:enstics tb:lt ..:orrespond to ;elf-regulation and ::nsure 

the pr.::ssure 1n 'he: reactor changc:s insignincantl;.· wich ·;arious load combinauons. '.'ionnal ..:aoling ;i:lut-Jown is ac:amplisild 

by cbc: c:rc:.iiacion of supply water through t~e ;team :4enc:r:uor with sceam ::jecuon inco J. ;pc:.:!al :e::inolog1c:il condenser. L'hc: 
princioal ch:ll'acteristics oi tbC"VBBER-600 J~ as tallows: 

He:ic power. Y!W 

Ele:::ric power. \'l\V 

:=;rst- looµ .;oolanc ;:n:u lacion 

First- !oop ..:oolanc paramc:ters: 

l~OO 

630 

;"orc::t.1 

pressure. \'(Pa l5.7 

cemper:iture :it core entrance. 'C 294.5 

temperature J.t core :::tit. 'C 32:5 

Second-loop parame:ers: 

ste:irn output. tons/b 3350 

superheated-;ce:im pressure. Y!P:i 6.5 

superhe:.1ted-;ream remperarure. 'C .305 

Power-variacrnn range. ·J70 ,Y
00

m 30- lOO 

Operating lire. y.::ars 60 

\'!aximum e:inbquak;: r:Hing on Y!SK-64 scale 3 

Safety Systems. Tue reactor scram system is designed to stop. slow down. or limit cbe chain reaction in an emergency 

situation or with deviation from normal operating conditions. This is achieved by sending the corresponding instructions to the 

core-control systems :ind by subsequent insertion mto the core or prevention ot" e:ttraction of the working organs. The highest 

level of protection provides for cbe insertion at maximum speed of all CCS working organs (dropping by deenerg1zing the drive 

molOrsl. The protec:ion is Jc:uated with .:::nerge:ii.::1 levels cc' re:ictor power or doubling time:. ove:-pressurization or depressuriz:i­

tion of the tirst loop. an :!Jrtbquake. the loss or· station electrical power. cessation oi supply-water delivery, or pressing of the 
SCRA.J.\1 button in the main or spare control panel. 

A.n important feature of the VPSER-600 is the use oi se!f-acmating devices chat deenergize a part oi the CCS drives that 

is sufficient for functioning oc' the safety ;ystem. bypassing the automatic circuit for the direct action of pressure in the reactor 

or containment vessel. A system for emergency boron introduction brings the core to a subcritic:il state :ind bolds it cbere when 
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Fig.~. System for !mergen1.:y beal removal: l) cooling warer: 2. 3 l systems for continuous 

:rnd passive beal re:noval. respe::ti vdy. 

tbe reactor is in a ..:old or depo1soned state in .;ase oc nonactuJlion of :be CCS dnves and consisls oi lWO cont:uners ·11nh :>oron 

solucion. One or" che :.:oniainers ts :ict1 vat~d by opening J pneumJtic iimng in tbe pipes connecling the conlainer wilb boron soiution 

to tbe reactor or by rupture oi the me:nbrane by tbe direct :iction of pressure in the rea1.:tor. The boron solution is fed by gr:ivity 

into tbe core liter !:.Jualizalion o( the pressure in tbe reactor and the comainer by placemenc oi the laner Joove the rea"or. The 

)e-:ond .;omainer. wtlich is designed t"or reactor sbut-down in emergenl.:ies :issodated wilh depressur:z:i.tion of the drst loop. is 

~assively ll.:ti '':lled by che bydraulic-.:i.c:umulalor pnn1.:1ple. 

:~e passive ;:1)te:ns for c::ne:~en1.::' 'lc::i.t ~emov:.ii inc~ude cwo :ieat-e:tctlJnger units. ·11h1ctl :arm ;yste:ns for ;;:nunuous 

and passive '.le:.it :-e:novJl. c:ach or" .,1,hich transre:s the: bell to rese:ve-wate: t:lnks. The syste:ns for continuous :ind ;iass1ve Je:ic 

remov:il ope::ite by natural coolant ..::rculauon, Fig. -l.). The tleat is e:ttra1.::ed through :in inte:-mediate loop ar a pressure twp.e:­

chan char in the reacmr. The system for -.:onunuous beat removai i'unctions constantly. The bear removed by the syste:n from ;ile 

reactor in normal operation be:Hs the supply water oe the steam generators in tbe intermediate hear :::;.changers. The system for 

passive be:i.r removal is activated 1n :in emergency oy the opening oi valves in the pipes that jrain the water from :he water bear 

e:;.cbaogers on signals from the Juromaric-conrrol system or directly crom the Jction of pressure or the water level in the reactor. 

With :>hut-down cooling. the neat removed from tbe reactor by rhe be:i.t e:tcbanger-;;ondensers ol' the systems ior passive 

:ind cominuous beJl :e:noval is tr:i.nsie=-red to rhe reserve-water ranks. through woich che process ware:- circulates. in .::i.se oi 

-:essation or process-water circulation. the bear is removed by the e·:aporJtion or· water from the canks. The water rese.-ie in one 

tank is ;urficient tor sauc-down cooling over J penod of 3 Jays: cbe warer in che two tanks. a period of 7 Jays. Air be:i.r e::.change:-s 

c:in be used for a limited cime to remove heat from the re:ic:or after the water bas be:n evapor:ited from tbc tanks. 

The cirst loop is protected from ovel'1Jressurization wichour the ejecuon of radioactive coolant by tbe reliable removal oi 

beat from the core by tbe systems ior continuous and passive beat removal. However. considering tbe fast dynamics tbal is 
characteristic oi installations wilh forc:d coolant circulation. co limit the running out oi pressure. relief valves :u-e provided that 

c:ject rbe vapor-gas mix cure from the pressure compensator of tbe re:ictar iaro tbe boron comainer or -:onLaiament vessel wirbout 

the escape of radioactive coolant from tbe reJctor. 

The :-eacwr · s Je:;ompression system is Jesigned tor 1n unplanned emergency with depressuriz:i.tion in ilS lower pan. Wich 

an increase in tbe pressure in lhe conLainme:u vessel 1nd a considerable reduction oi tbe coolant level in the reactor. the direc: 

effect of tbese parame:ers opens tbe decompression valves in the pressure compensator. whicb equalizes lhe pressures ~n tbe 

reactor and containment vessel and stops le:lkage. 

Loc:ilizing Safety Systems. The containment vessel is a passive protective and loc:i.lization device tbat ensures safety 

when pipes are ruptured or tile reactor vessel is depressurized within the limits oe rile technically possible value. It is designed 
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for lhe 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 re::ictor. and containment of radioactive products. 

The localization system_ switches off the steam generator in case of failure of the seal of its beat-exchange surface or 

pipes. Each section of the steam generator bas an electrically driven localization system. which is welded to the containment 

vessel. Each loop has two pneumatically driven localization systems, one of which is actuated by signals from automatic-control 

systems while lhe 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 vt>BER-600 is a combination of internal self:protection and passive safety systems. 

The physical propenies of the core and the characteristics of the pressure compensator allow shut-down or power limiting without 

the use of the scram system. owing to mong negative power-boiling feedback. The system for continuous heat 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 guarantees highly reliable emergency heat removal. The 

iirst·loop coolant of cbe vt>BER-600 greatly increases the total heat capacity of the s1·ste:n. which is capable of scoring the residual 

heat release of the core. which provides large time reserves for the realization of emergency control measures. The integrated. 

implementation principally eliminates the accident classes of large and moderate leakage when the first-loop pipes arc ruptured. 

Plac:mcnt of the reactor in a sr.rong containment vessel ensures that the core is kept under water with any rupture of the 

dm loop. wi:Jicb prevents fud melting. The containment vessel is an additional passive barrier r"or localization of radioactive 

products. 
An attractive property of the VPSER·600 is ;elf-re:.ilization of a s<ife st:ite. The inc:rtia of the re::iccor and the large amount 

of time available in :;evere emergencies le:ive no doubt thac personnel will be Jble co control accidencs and :;e:-•:e as a guarance:: 

or :;.:irecy. The probability or Jn JC~idenc with seve;e dam<ige co the -.;ore or' the VPBER-600 LS less then 10-1 pe:- 'eactor·ye:ir. 
The design me::isures 'hJt 1:ive Jc:::n taken .rnd the 4ualic.:icivc:I;: :ic:·.11 ie·:el oi ;;.dee;: !limin<ice the yuest1on or distance :n 

'he lo1.:::ition of J power plane wllh J V?SE~-600 ;e::ic~or. m:ike it unnec:ssar:; lO !·.-acuace the popul::icion. Jnd lllow ~he powe:­

plant to be located in the immediate vi1.:inn:· oc' citcc:s and other large energy .;onsumers and used for the combined production or 

!lectric:il ::nergy Jnd heac. 7he design Jnd ;ar'ety ..:ont.::pt ur' the VPBE~-600 ..:har:it.:terize it JS a new-generation 1nscailat1on J1· 

!:rnanc:d ;.:ire:y. The: r'e:irnrc:s Jr' the 1nceg;Jtd re:icor. which pre·:enc acciJenc ~l:i;;es 0r' large and moder:ite ie:ikJge. Jnd the :J~e 

or passively c'unct10nrng Jn..! ac:i\·ared ;:•sre:ns r'or ::mergem.:y ;hut·Jown cooling determine its higher le.,.el of :;arery as ..:om9arec 

with t"oreign installations or' rvpe AR--SQO. The problems Jssociated with the de·1e!opment lnd cre::iuon oi the !qu1pment and :.he 

reactor as l whole bave been ;olved. 
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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. 
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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 II and Level Ill 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 II correlate exactly with the corresponding 
summary activity durations, logic ties, and major milestones shown on the Project 
Summary Network. Level Ill 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 +TM 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 II 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, controls 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. 

INTRO.wp 3 



BOP INTD!rl'a: 
~QUIRElt:m 

s1i:a um 

\umn aurMNt 

kacutlbi 

9!1P TO SIM 
Fi:tIUTl 

IWIVr1truat 1rncfilll=ttCRlillcs1 

2000 

Figure 2 
NUPLEX 80+ 

~001 

flNAL DOCU1£NIRTIO• 

N555 EQUIPMENT DESIGN & MANUFACTURE 
'----'------------------------ ·--·· ·--

2003 

L ... _,," 



REACTOR VESSEL 

STEAH GENERATOR 

ETAJLED 
GlNEERING 

O~ER MTERIAL 

~ 
It\ TEJ!IAL 9'£CS 

~P.O. -LOIG 
LUIO MTERIAL 

~ 
tt\TERIAL 9'£CS 

~PD. - LOIG 
LEAD MIERIAL 

CDERAlOR 

tt\IU)~TUIUN; 

ftl'lll.f"ACTURE REA:mR 'IES5EL 

. Figure 3 
Sheet 1of3 

NSSS & LONG LEAD EQUIPMENT 
DESIGN & MANUFACTURE 

~NE 

GEJIERAlOR 

~I 
n11t. INS~N · 
' TEST : 

SKI TO 
~SSEL 



PRES3JRIZER g RCS PIPIN 

lnim l 
ltlTEJUAL SPECS 

~ P.B. - LOIG 
LEAD MTERIAL 

IN f~ 
DRJMIGS 

lfl•UfACT\IRIN3 

[rnrn~•m~n> 

Figure 3 
Sheet 2 of 3 

N555 & LONG LEAD EQUIPMENT 
DESIGN & MANUFACTURE .._ ______ ...___ ________________________ ----- ----- --·- -·-

~W"~F\~' 

~ 
~RCS 

PIPIIG 



RC PUHPS g DRIVES 

~m l 
ltHERIAL SPECS 

\m P. D. - LOIG 
LCAD MTERIAL 

Figure 3 
Sheet 3 of 3 

NSSS ~ LONG LEAD EQUIPMENT 
DESIGN & MANUFACTURE : 

rmc ti<j![clfoN 
' TEST - PUKP 4 



2001 2002 2003 

OHP!ISSIONING STffFIHANAGEl'fNT OR!#W ZA ON 

~ott1tss!DA!AG bacuHtATAitOA PIEPl'ilAlION 

~rsfE}1 COHPLtttoR1RALKbo\lll GROUP ORGANIZATION 

§TARTUP Gli!IUP O~IZATIDN 

~NSTALL REi=tTOR CODU:WT SYSTEH 

INSTALL RX INT~ALS 

t INSTR. CALIBRATION 

STATIC TESTING~-~IRING : 
& CONTROLS CHEU\IJUT : 

COHPONENT L SUBSYSTEH 
TESTING AND flU~ING 

COHllENCE SYSTEH TURNOVER 
C C01t1ISSION TESTING 

Figure 4 

fcs aJLD 
HYD~ 

NSSS COMMISSIONING PROGRAM SCHEDULE 

FUEL 
LOT,_ __ _ 

POST-CUI!: HOT\ 
FUNCTIONAL TESTING · 

~ITIAL CRITICALITY/Lriw 
P MER AIYSICS TESTING: 

~HP!E~I 
OPERATION 



S MW ~ £1..€.c.TR.\.G "owe'2. ~ 

COS"'t"" oi:r ~'Co 1 !>tAd).L OtL.. £~\J\VktA.)1"' ouE:~ \0 "(i..Ae:s 

(.t:..-D·-~s ~MA ~ ~o~ \..t oH~.~ ~"o.)'ll!l1wt. "'6 .. ~";o Mu.I dt' ~-0,~,t f'e~; 

· s tt..w 

:i.!.-t'\)'!> o~' 

€ ~ ... ,\lole.d" 

so~e.oo ~~ 

( 3)3~0,0'd> ~~) 

<:....osT- C...1f= oU 

'5°'"3'"f~ L5wE' 

a:\" •<a1/ "*' ~ 8 
C Low '>llL.!>~~:;;i 

s, ... ~~ 1<J() 

o-111-,/~ 
~ Si.u.~ 

., 3() ~I( 
:> 

_,oo,~ ~ 

.!t C'\10 MO .. ~3()~ 
I I 

- x co x 10 

l ~~ ,I oo, ~LJ ~ Jij t' "300/d) I 

.:..J p~,~~ Gi:>">t' -t~ 5,"~ ~ ~· ::to..J 1 qq 'f ) +..:s..,....s,.er\t-citt~ co st- Its-._ tO/ ~.c. w_ 
( l-\·,~ ~ a.l.'St>. c..o<tr IA..se& / 

~etl\I~ v:''4J. 0•1 Ca.;\~ ~\5 '-\tac vo\c:d1le., :, ~ @.1'4.~ J &'Y' -Av.<) 

~o-rt 'i 5 ... ~~ l..s4JQ. .t \.Zl/ ~ IJ.A'l°J s,.,~_g_. "3"10 .. ''"'/""* • 
5 MLV e2."''"a.b...r o"'9\ 10 ie-s 

5" • ..,.,~ 3go ct"·".\ ~ 

~ 
.\or S'·n~ap"'Q. L.,SWR.. "St \:'.l;J ""'"'°'"' ~ ~ 



SEP 14 '~ 12: 42 BRU'I 

COMPENSATION FOR ENERGY 

(~Qb.,.,,Tted.. b'j JJoM<.,.., \.(ore_a.) 

•. 

- It 1s considered that the substitute enerry relevant to the 

elec:ric output of 60 MW and 200 MY power plants is to be 

supp:ied, 

- Electr1citr per annum 

. Output : 250 MW 

. Operating time : 7000 hours 

. Electricitr 260 MW x 7000 hrs • 

l,7&0,000 MWH 

- Amount of heavy oil tor electricity per annum 

. In case the heav1 oil consumption per KWH 11 290 r. 

~ ... ,._ 

P. l~ 

290 g/KWH x 1,750,000 MWH. 600.000 t/annum (·"\~·I} 
~ 1 ''.'" i;._; .. :. I ll'q\ I•-·,.~ 1,lt!"l t.~ N•'°I N_ 9'\ ;i. lfC> "''* c:. ... 1-.·I ~a.I 

. In case the heavr oil consumption per KWH la 300 c. 

300 r/KWH x 1,150,000 MWH • s20,ooo :/annum 
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CONVERl.DOC September 15, 1994 

SUMMARY CONVERSION TABLB 

A plant with capacity of: Can generate: 

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

Fuel required to generate: Requires: 
~1, 74;;:4, b,b,_41~"'c·¥-d.'te'" 1 0·-1·""11; il Q& •.et, C-"ft.'J\$ 

1 million kwh of electricity... :ru 

1 million kwh/yr 

To convert from: 

cubic meter oil 
bbl oil 
bbl oil 
ton of coal 
ton of coal 
Kcal 

bbl of oil 
cubic meter oil 

tons of coal 
tons of coal 

@ 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 415.72 metric tons coal 
@ 24.87 million btu/bbl 
@ efficiency of 0.33 

or 2,605.3 million kcal 
@ efficiency of 0.33 

or 
or 
or 

4.778 bbl crude oil/day 
1,744 bbl crude oil/yr 
277.3 cubic meters oil/yr 
415.72 tons coal/yr 

To: 

barrels oil 
BTU 
Kcal 
BTU 
Kcal 
BTU 

tons of coal 
tons of coal 

bbl of oil 
cubic meter oil 

1 

Multiply by: 

6.29 
5.93 million 
1. 4 9 4 mi 11 ion 
24.87 million 
6.267 million 
3.968 

0.2384 
1.500 

4.194 
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 O and 1, often near 0.33 for 
coal and oil plants) 

Note that 1 kiloliter = 1 cubic meter = 6.29 bbl 

Assuming oil 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 

x~(l/0.33) 
= 10,340 million BTU/year 

x (1 bbl/5.93 million BTU) 
= 1,744 bbl/year tYV ~~i ~...,,,,.s/y°"-(~.,.;g,) 

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. In 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. In other words, with a lower 
energy content of the oil, we need 2.24\ more barrels to 
supply the necessary energy. 
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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 
o 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? 

lOOOMW x 8.760 million kwh/yr x .8 
= 7008 million kwh/yr 

~-:0"'1o1= 11so -.l.l.~ &~t-{'j< 
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