IFUERRER) Ao dxtze A 2 A1EH |
1. RBER

T EE oAl Aol WE) %Lkt (Passive
Characteristics )& 2 FEETF1E BA3E 14 362
BEHS HH72 do24 HEETHEA g #R
. 31‘. « BEFARe Bo-E d% sEslr ok
U Vg s v HF R T (Advanced Reactor)2t HEE o)
*ﬁiﬁ%bﬁ Bzﬁgx}ﬁl{}:ﬂ whal HF ) EES 4847 Btk BEE ¥
1] @t}a EM RS REAA kR BEHgE
= = RS HRAM S b FE ETEE A4S
Ao w BFel mEH FHE Eosle] A A
22 Hq] E}
BT NEBL B 3rou 1960M o) 2t A
b=l o1 % f&%?’l BERE 9o BERE PO
L2 F43 BREste ghow dlux & AiEe
Bl A= RFH BHEES ol L‘]ZI BAERFES €
2 F A= B3 FEROR HHsld HI3std &
¥ow fste el
e Fabelel AR FhEBIC R R Ss
ERRE RS EERRRE @ifsle] Eme
Ao gl BHEE: Selo H=Eglon
19799 B2 TMI FEEH) «2 HEEE &2
~ FE A AEFe] B, ek L4
EiE#EE S S7H8 Hdle ¢ FHE 71448
ol fRE =t BEE L 5 U EERS sl
oA el FEH] =i},
i ohu 19861 &R BES| Chernobyl BE il
® AAA A2 Ki, RIREESC) #i=o a4
BT B Hifh, BORM gt BERY &
EE LER M =9k
wheba] AxbE FHES gl do A s BE
g BB EEY BEN Gt o BRY $
ek Sl HES Kete Fifiness o
F B#l7) Aol TR 24 Ltk Har BER
ol & Fkslr] Hrle fRES Brdoezd BEHRE

#H o A uhrl A o BHE HRE Hiko] Bk B ely 4 2
AL FA 7 g T e},

o2 ZRECN A (LERES] BIEMS BEd
Fgol o9 Mol wHE BUERME 2ol v (ko
WA ] QAT TS RES MEL A o
=T [EP P s - PR

160



A Sxp2e) Adnk YA H3

o2 KENE & Ao] HHsIu o] £ BN
FEddl lel BEFo| KEKE AEAA BmEYE F
Acks BES WIRE T Aeolch

o] &2 &L fIE-l A 2 o) U=+ i
HEES, #0FE, EFTHE#(Process Heat)s L
#E N Yol FHEMNCE 2 o o)d 4
2252 ARENA {fEEe] gleolok dta F7u
b7l 4l Zh sk RIS ikl ok & Hojx).

ol dAZ FHEES REAE + d= NRE
s FEFiERke] B Mal v 921y E¥ R/
Be BT 7 Ag Folzle Aol R FHe| E
RE 2ot glom] oldinle} dxtd EEEHES
BEW v ZEE A4LAQ HWEE ©2K, &F
t# 2 KB MES o) & BERz o 2
7o) DB w2 HRFEFE B mES /el
a gleh

Zeivh HERE T A B BESA clRelA
o &k - Letholelal PlEhs=d B RES
de Bett e HEIR e (Passive Safety),
Bl &L £t (Inherent Safety) % E#EBol ik
A7) 2ok BEE AR Qolx Bethel #fE
== HA(Walk-Away Safety) 5°] gleh. F¢ &
Bryel BBkl A B ERZeMel RTHE 58
ol BRI HEHS A ETFE #=1E ¥ A
BEEREIL et Rett Mas B #HHR
et o ettt B B3] BifFel k4] 4t
MERFOI W EHI A oA Bx AR FARc
Mo ® Z-85 1 glvh vt Walk-Away Safe-
tyw RS = BRI SRS B Be #E
Byl BEERQl Vel i g BRER s BEFE S48

H—1 Accident sequences identified by ASEP* that
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dominate probability

PWRs

BWRs

* Transients without ECC(early)

» Transient-induced LOCA without ECC(early)
* Small LOCA without ECC(early)

« ATWS

* Transient without ECC(early) and without Con-

tainment heat removal

* Transients without ECC(early)

* Transients without long-term heat removal

+ ATWS

* Transient-induced LOCA without ECC(early)
¢ Transient-induced [LOCA without longterm

heat removal

*ASEP : Accident Sequence Evaluation Program
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H—2 Possible Event Categorization Frame Work for Advanced Reactors

Category Common Name Lower Bound Upper Bound
1 Abnormal Event 107/ yr
2 Design Basis Event 107*/ yr 1072/ yr
3 Beyond Basis Event 1077/ yr 1074/ yr
4 Residual Risk 107%/ yr 1077/ yr
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in containment for 75% active clad oxidation.
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H—5 EPRI Top-Tier ALWR Plant Requirement
(19894 951 Wr7k, Rev. H)
Subject Area of Statement of Requirement Rev.
Requirement
GENERAL DESIGN B
'REQUIREMENTS
Plant type and size PWR or BWR, applicable to a range of sizes up to 1350 MWe : G
¢ Reference size for Evolutionary ALWR-1200 MWe per unit G
* Reference size for Passive ALWR-600 MWe per unit G
Safety system Simplified safety system concepts : G
concept » Evolutionary ALWR-simplified, improved active systems H
* Passive ALWR-primarily passive systems: safety grade. on- H
site AC power generators shall not be required
Plant design life 60 vears B
Design philosophy Simple. rugged, high design margin. based on proven technolo- H
gy :no power plant prototype required
Plant siting envelope Must be acceptable for most available sites: 0.3 SSE E
SAFETY AND INVEST- B
MENT PROTECTION
Accident resistance Design features which limit the likelithood and effect of initiat- ke
ing events, such as:
* Fuel thermal margin  15% E
* Significant time to respond to plant upset conditions through H
features such as increased coolant inventory
* Use of best available materials E
Core damage prevention Features which prevent initiating events {rom progressing to the H
point of core damage
¢ Core damage Demonstrate by PRA that core damage frequency H
frequency <107 per reactor year
* LOCA protection No fuel damage for up to a 6-inch break If
¢ Station blackout coping | 8 hours minimum (Evolutionary ALWR) H
time for core cooling
Mitigation Demonstrate by PRA that the cumulative frequency<<10 " per D
* Severe accident reactor year for sequences resulting in >25 rem at 0.5 miles
frequency and from reactor.
consequence
¢ Containment Large. rugged containment building with design pressure based G
on licensing design basis pipe break.
* Radiological source term | More realistic source term for licensing G
* Hydrogen generation Licensing Design Basis hydrogen concentration less than 13% G




168

FRR T BEAN ¥ RE

power operation

Subject Area of Statement of Requirement Rev
Requirement
» Emergency planning zone | Technical basis for reduction of zone. F
Additional passive plant re- | No regulatory limits exceeded for at least 72 hours, assuming no H
quirements operator action for Licensing Design Basis event including loss
of all AC power
Maintain containment integrity and low leakage indefinitely in H
the event of a severe accident.
PERFORMANCE B
Design availability 87% D
Refueling interval 24-month capability B
Unplanned automatic | >1/year B
scrams
Maneuvering Daily load follow E
Load rejection Loss of load without reactor trip or turbine trip E
Low level radioactive waste | Based on best current plant E
produced
Site spent fuel wet storage | 10 year of operation plus one core off load E
capability
Occupational radiation exp- | <100 person rem per year H
osure
.Soluble boron No soluble boron required for reactivity control during opera- | H
tion (passive plant only)
Operability and maintaina- B
bility
* Design for operation Operability features designed into plant, suéh as : forgiving E
plant response for operators, design margin, and operator enviro-
nment
* Design for maintenance Maintainability features designed into plant, such as: standar- H
dization of components, equipment design for minimal mainte-
nance needs, provision of adequate access, and improved work-
ing conditions.
* Equipment access Ready access to equipment E
* Equipment Replacement Facilitate replacement of components, including steam gener- E
ators
* Man-Machine Interface E
o Instrumentation and con- | Advanced technology, including software based systems, alarm E
trol system prioritization, fault tolerance, automatic testing, multiplexing,
and computer driven displays
« Operations simplicity A single operator shall be able to control plant during normal E
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Subject Area of Statement of Requirement Rev
Requirement

* Control station Human engineered to enhance operator effectiveness, utilizing E
mockups, dynamic simulation, and operator input to design.

DESIGN PROCESS AND B

CONSTRUCTIBILITY

Total time from owner com- | 1200 MWe evolutionary plant: 72 months G

mitment to construct to | 600 MWe passive plant: 60 months

commercial operation

Construction time from first | 1200 MWe evolutionary plant: 54 months H

structural concrete to com- | 600 MWe passive plant: 42 months

mercial operation

Design status at time of in- | 90% complete H

itiation of construction

Design and plan for con- | Design for simplicity and modularization to facilitate construc- | H

struction tion : develop an integrated construction plan through Plant
Owner acceptance

Design process D

* Design integration Manage and execute design as a single, integrated process D

» Configuration manage- | Comprehensive system to control plant design basis and instal- E

ment led equipment and structures
e Information management | Computerized system to generate and utilize an integrated plant H
imformation management system during design, construction,
and operation

ECONOMICS H

Near term cost ALWR have~10% cost advantage over alternatives after first H
10 years of operation

Long term cost ALWR have—~20% cost advantage over alternatives after 30 H
years of operation

Resulting cost goals in G

1985 dollars for 1200 MWe

evolufionary plant based on

above criteria and assuming

commercial operation in

1999

* Overnight capital cost <1150 $ / kwe F

* 30-year levelized total | <58 mills / kw G

generation cost
* Fuel cycle cost <8 mills / kwh H

¢« O&M cost

<12 mills / kwh
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Subject Area of Statement of Requirement Rev.
Requirement
Resulting cost goals in G
1985 dollars for 600 MWe
passive plant, assuming
commercial operation in
2002
* Overnight capital cost <1300 $/ kwe G
* 30-year levelized total | <66 mills / kw H
generation cost

* Fuel cycle cost <8 mills / kwh H
* O&M cost <15 mills / kwh H

5. BIA HBFEFE MRER HER
ofF-Fol FRO B Fufell 4 a2l “20000 o [F
FhOBRE 9 HEHE" PRERNA EER: T
W Al d=2 AL Ee A HS 20061 7 02 B
Malol =l o]l = A PrEREE 4 S BES
Bhgeal B o ol RES Ao Paslc) o9 |
4 a4 E AEsked BEQ BREc Tak,
REHE kb vl Ee] AWFgl AYgAxl2Ee
Prototype Reactor®} Demonstration Reactor®| %
SAoletn shkslcl
A2 dztme] el EPEPATel A e Azt
3] Prototype Reactor—Demonstration Reactor—
Commercial Reactor # 2.2 w3l Zlo] Aol
o] o F o] = BfEE Y HFY 7 vk 3= A=
7154 stekell 23t AR Fa)o) ok
Prototype Reactor®] S -& ksl Hifijel <
22 Al E2A EE Y-S AE FEHSE R
FHslrl 95kl .25} %f_LEI | A& o] obd HEAM
o] FAI Al Aol 2| 5te] ) Zo] A x| o]oF T
EHRFE) Hd, BT s Reol #Hflelch
Demonstration Reactor= 227} whxl A v} 2 4
EitzE -5 AI7HE #als7) f1ske] W asl &
2, ﬁ%ﬁ{"x", FEE sl FaEMeE HEdch
BAES Al dxb2e] Hiffteg ) B #E)
B HEEFE+ Prototype Reactor@iko] HEg=
T U ArpEtke] o $- Foou nfRE= W]

BEpEo] F)ubel Ao g Mol ;ests WrRE

olu] Prototype Reactor7l & 3ol 4 &=z ¢l 7|
st Fujoll 4= Gas Cooled Reactorsi] 3l 7]
7 ko] LMt HRfEe] 22 olo] o3 BEM Stut
ohE 4 vk sk}
Demonstration Reactorell glaf A& RE 3o
Demonstration Reactors # 82 & z© 2 sy
oh el HESel A dzl2Ee BE dpRs)
600MWeg olstel F43 92224 Demonstra-
tion Reactor®t Commercial Reactor7} Fl— A&
2 #5ER shedel Bl wlFoll $elviel g Akl 4
29 “First Lead Plant in the World”%| H#&~7} =t
g7l Fe] d Aoz RESA felvebd Adgdxt
2E =487l o]l Lead Plant®] +A4 A& #
o AWE = de Az o fof R R 83 A
o2 stukslck. 300MWed ©]sk8] SIR H=+&
MHTGR-Z Demonstration Reactor”} Prototype
Reactor® ZA¥ 7HsA % el AlA 232 BHER
ok Wi 8 E 5 wbedshe) 2006M 7 4--8-3) b
42 F3H 2 s F5Y AL 199537}
2 DCHESS FEE sk AT Mg $lgk A =do]
FAAH I glemg o]2 Ffol FhEsIElE kul
He EAZEHE APdxt2s PIUSE ¥o] #E
%t Institute for Energy Analysis @52l A F3}+
Demonstration Reactor ¥4 71541718 HEES
o] x| o]l F 12 A=y BrEE Ao HMsa
132 7|E} MPR 234 FolA % A-g3te] A A
2L BEY *"“‘lil- A7) &

tlo o rir



AA Axze) A W A w6

ol & E¥At shB= c}oxl el

H—6 FERFE RERE 8

171

| I T T
1990 2000 2010 2020
i
et 2 4L 2 AHE A A
Passive
Reactor
(4a4A 2 DC U5 )
( First lead plant A4 )
First lead plant &A1 % 32484
ol ol A4
A ol T
Inherently el 24}
Safe -
Reactor
( Prototype Reactor 47 9 714 )
Prototype Reactor ¥ 2 z}4-4
‘c}%—ir’_ﬁ] g A4
RIS Fabalo] HA = 19954 o2 RS2 o]

A2 L $e) gEE Nusttls AL §
K& R&D && 9 A2ko] £8% Fab ohvl e} BB
FEEF 2= P FHISIZE =
shek, A= ook s -2 vhele] bR Ak
7uko] EOKIE Hffi(Fhotd R 152l Hitigir
1995\ 712} oF 959% K¥E ERL) Q& BhFshe] Ak
¥ A4z R HFRETE 1€ Feidlel
)7 = kel w3 AFElo]op 3 Aol
Selvhetoll A HBIETE o 7AH ol Hhfgo s
H0s HAT F v sl E 21E EKE 7

_
o
>

ol
o
2

[o]
ALY

o

w2 of T ubAl gl o] F%ke] L gsEiel Hrf
BroceRse BE W FMIEAN FA-d e o+
DOE/EPRI®| Passive Plant Program 2}5-& 2%
2 gtu] Passive Plant 1718] b4l A A 4] oF 14 ~1
o 5AmkEo] £88 AR FAHA F4lql
2F 200, 000MH~250,000MH/ W sk#go] & 2
RS ok
Demonstration Reactor= RETEE E#SZ F
e 4 9lom AdekrbE oF 2,0008/KWeR BE



172

o 300MWew Prototype Reactorol] 2k 42 o]
4+, 600MWest Demonstration Reactorel] oF 124 &
o] 4He] Ao xpge] st olHd FHL ME
HoiEol] o8l 22 7)Eribe] YA BA Hffol
A9 BAEREERS o83 34 44 Jng A
2.8 ojAslcl

grtat 28 AE Akl & A AP dAE ALE
AE W AR EREEY FAROMEK X3
Bl RIERE B 7ts 2lo] AR BRHeR F3
o EEd 4 dS AR gnpRleh v HfTHR
BYeslT ANTHR o BASE &RE 2

Lot b oo

0l
-

FRETHE BRERA ¥ RE

71 $hs] 1990\ o 2L BRI BTN Bt
AR HiTEe-S BRI A BN BF Bl #
G AESS Baugh ohg 1990 o Fubo]$ 413
Axp2e] of 3 BEBEAYQ) AZEHE-S AfBHoE H#
#sh= Ao) vpekAslela Rl =) Fe] 20001 H o
B e R ST S g B Be
o] = FEFEFIEA of 3 BEEAYS] BrRehERe] 1wt
o) g = grla FREdeh Al FA8s =
€ ApehEe] HEmel Bho] AAE BERslE wo]
c}.,



