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The attached Technical Support Document (TSD) for the ABWR supersedes the TSD 
transmitted August 26,1993 (Reference 1) and November 18,1994 (Reference 2). On 
December 15. 1994, CE discussed the staffs comments on Reference 2. This updated 
version ·of the TSD incorporates staff comments. 

The conc1 usions regarding radiological risk from severe acciden ts in plan ts of 
ABWR design remain unchanged and CE believes that this TSD provides a 
sufficient basis for the !':RC to issue '1roposed amendments to lOCFR Part 52 which 
concludes: 

1) for the ABWR design, all reasonable steps have been taken to reduce the 
occurrence of a severe accident involving substantial damage to the core 
and to mitigate the consequences of such an accident should one occur; 

2) no cost-effective SAMDAs to the ABWR design have been identified to 
prevent or mitigate the consequences of a severe accident involving 
substantial damage to the core; and, 

'3) no further evaluation of severe accidents for the ABWR design, including 
St\1\1.DAs to the design, is required in any environmental report, 
environmental assessment, environmental impact statement or other 
em;ronmental analysis prepared in connection with issuance of a 
combined license for a nuclear power plant referencing a certified AB\VR 
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EXECUTIVE SUMMARY 

The term "severe accident" refers to those events which are "beyond the substantial coverage of 
design basis events" and includes those for which there is substantial damage to the reactor core 
whether or not there are serious ofT-site consequences. See Severe Accident Policy St~tement, 50 
Fed. Reg. 32,138 and ~2,139 (August 8, 1985). 

For new reactor designs, such as the ABWR, the Nuclear Regulatory Commission (NRC), in 
satisfaction of its severe accident safety requirements and guidance, is requiring, among other 
things, the evaluation of design alternatives to reduce the radiological risk from a severe accident 
by preventing suhstantial core damage (i.e., preventing a severe accident) or by limiting releases 
from the containment in the event that substantial core damage occurs (i.e., mitigating the 
impact'i of a severe accident). 

The National Environmental Policy Act (NEPA) requires the consideration of reasonable 
alter'latives to proposed major Federal actions significantly afTecting the quality of the human 
environment, including alternatives to mitigate the impacts of the proposed action. In 1989, a 
Federal Court of Appeals determined that NEPA required consideration of certa;n design 
alternatives; namely, severe accident mitigation design alternatives (SAMDAs). Sec Limerick 
E.rolo~ Action v, NRC. 869 F.2d 719 (3rd Cir. 1989). The court indicated that "(SAMDAs] are, 
as the name suggests, possible plant design modifications that are intended not to prevent an 
accident, hut to lessen the severity of the impact of an accident should one occur," ld. at 731. 
1 he court rejected the use of a policy statement as an acceptable basis for closing out NEPA 
consideration of SAMDA..<; in a licensing proceeding, because, among other things, it was not a 
rule making. Id. at 739. 

Recently, the NRC StafT expanded the concept of SAMDAs to encompass design alternatives to 

prevent severe accidents, as well as mitigate them. See NUREG-1437, "Generic Environmental 
Impact Statement for License Renewal of Nuclear Plants," (Volume I, p. 5-100). By doing so, the 
Stall makes the set of SAMDAs considered under NEPA the same as the set of alternatives to 
prevent or mitigate severe accidents considered in satisfaction uf the Commission's severe 
accident requirements and policy. 

This dot:ument provides the technical basis r,)r determining the status of scvere accident closure 
under NEPA for the AB\\'R design. The report concludes that there is an adequate technical 
basis for closure of severe accidcnL<; under NEPA for the ABWR design. The basis and 
conclusions are expected to be codified in the form of proposed amendmcnL'i to 10 eFR Part 52. 
The amendmenL'i would provide that: 

(I) For thc ABWR desib'11, all reasonable steps have been taken to reduce the occurrenet: of a 
s(~vere accident involving substantial damage to the core and to mitigate the consequences 
of such an accident should one occur; 
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EXEC UTIVE SU~IMARY 

The term "severe accident" refers to those events which are "beyond the substantial coverage of 
design basis evenL'i" and includes those for which there is substantial damage to the reactor core 
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environment, including alternatives to mitigate the impacts of the proposed action. In 1989, a 
Federal Court of Appeals determined that NEPA required consideration of certa;n desi!,rn 
alternatives; namely, severe accident mitigation design alternatives (SAMDAs). See Limerick 
[coloin' Action v. NRC, 869 F.2d 719 (3rd Cir. 1989). The court indicated that "[SAMDAs] are, 
as the name suggests, possible plant design modifications that are intended not to prevent an 
;lccicient, hut to lessen the severity of the impact of an accident should one occur." ld. at 731. 
'1 he court rejected the use of a policy statement as an acceptable basis for closing out NEPA 
consideration of SAMDAs in a licensing proceeding, because, among other things, it was not a 
rule making. ld. at 739. 

Recently, the NRC St.aff expanded the concept of SAMDAs to encompass desibrn alternatives to 
prevent severe accidents, as well as mitigate them. See NUREG-1437, "Generic Environmental 
Impact Statement for License Renewal of Nuclear Plants," (Volume I, p. 5-100). By doing so, the 
St~lfl makes the set of ~AMDAs considered under NEPA the same as the set of alternatives to 
prevent or mitigate severe accidents considered in satisfaction uf the Commission's severe 
accident reCjuiremenL'i and policy. 

This document provides the technical hasis r,)r determining the status of severe accident closure 
under NEPA for the AB\\'R design. The report concludes that there is an adeCjuate technical 
hasis for closure of severe accicicnL'i under NEPA for the ABWR design. The basis and 
conclusions are expected to be codified in the form of proposed arnendrnCnL'i to 10 CFR Part 52. 
The amendmenL., would provide that: 

(1) For the AHWR design, all reasonable steps have been taken to reduce the occurrence of a 
s(~vere accident involving substantial damage to the core and to mitigate the consequences 
of sllch an accident should one occur; 
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(2) No cost-effective SAMDAs to the AB\VR design have been identified to prevent or mitigate 
the consequences of a severe accident involving substantial damage to the core; 

(3) No further c:v,\Iuation of sc:vere accidc:nts for the AB\VR design, including SAMDAs to the 
desiKn. is refluired in any environmc:ntal report. environmental asse~sment. environmental 
impact sl~\lemenl or other environmental analysis prepared in connection with issuance ofa 
combined licc:nsc: for a nuclear power plant referencing a certified AB\VR design; and. 
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(2) No cost-effective SAMDAs to the AB\VR design have been identified to prevent or milig-ate 
the consequences of a severe accident involving substantial damage to the core; 

(3) No further t:v,\Iu<ltion of st:vere accicit:nlS for the AB\VR design. including SAMDAs to the 
desig-n, is rCf]uired in any environmental report. environmental asse~sment, environmental 
impact sl'Hemcnt or other environmental analysis prepared in connection with issuance ofa 
combined lict:nse for a nuclear power plant referencing a certified AB\VR design; and. 
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1.0 u.."TRODUcnON 

1.1 BackgroWld 

The term wsevere accident" refers to those events that are "beyond the substantial coverage of 
design basis evenL,," and includes those for which there is substantial damage to the reactor core 
whether or not there are serious ofT-site consequences. See Severe Accident Policy Statement, 50 
Fed. Reg. 32,138 and 32,139 (AubTUst 8, 1985). For new reactor designs, such as the ABYVR, lhe 
Nuclear Regulatory Commission (NRC), in satisfaction of its severe accident safety requirements, 
is requiring, among other things, the eValuation of design alternatives to reduce the radiological 
risk from a severe accident by preventing substantial core damage (i.e., preventing a severe 
accident) or by limiting releases from the containment in the event that substantial core damage 
occurs (i.e., mitigating the impacts ofa severe accident). 

The Cummission's severe accident safety requirements for new designs are set forth in 10 CFR 
Part 52, §52.47(a) (1) (ii), (iv) and (v). Paragraph 52.47(a) (l) (ii) references the Commission's 
Three Mile Island safety requirement" in §50.34(f). Paragraph 52.47(a) (1) (iv) concerns the 
In'atment of unresolved safety issues and generic safety issues, Paragraph 52.47(a) (1) (v) requires 
the performance of a design-specific probabilistic risk assessment (PRA). The Commission's 
Severe Accident Policy Statement elaborates what the Commission is requiring for new designs. 
The Commission's Safety Goal Policy Statement (51 Fed. Reg. 30,028 (August 21, 1986» sets 
goals and objectives for determining an acceptable level of radiological risk. 

As part of its application for certification of the AEYVR design, GE has prepared a Standard Safety 
Analysis Report (ABWR SSAR). Chapter 19 of the ABYVR SSAR, "Response to Severe Accident 
Policy Statement," demonstrates how the ABWR design meets the Commission's severe accident 
safety requirements and policies. rn particular, Chapter 19 includes: 

(I) Identification of the dominant severe accident sequences and associated source terms for 
the ABWR design; 

(2) Descriptions of modifications that have been made to the ABWR design, based on the resulL" 
of the Probabilistic Risk Assessment (PRA), to prevent or mitigate severe accidents and 
reduce the risk of a severe accident; 

(3) Bases for concluding that "all reasonable steps [have been taken] to reduce the chances of 
occurrence of a severe accident involving substantial damage to the reactor core and to 
milig-;lle the consequences of sllch an accident should one occur," (Severe Accident Policy 
Statement (50 Fed. Reg. 32,139»; and 

(4) Bases for concluding that the AB\VR meets Commission's Safety Goals and objectives as set 
forth in the Safety Goal Policy Statement 
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Conse 'ly, the conclusions are drawn in Chapter 19 that further modifications to the All\VR 
desig-n educe severe accident risk are not warranted. The National Environmental Policy Act 
(NEPA) rCfluires the consideration of reasonable alternatives to proposed major Federal actions 
sig-nificantly affecting- the Cjuality of the human environment, including alternatives to mitigate 
the imparl'; of the proposed action. In 19H9, a Federal Court of Appeals determined that NEPA 
required consideration of certain design alternatives; namely, severe accident mitigation desi).,'i1 
alternatives (SAMDA<;). Limerjck E(ol()~ A..:tjQI1 v, NKC, 869 F.~d 719 (3rd Cir. 1989). The 
court indicated that" [SAMDA'i] are, :'s the name suggests, possible plant desif,'11 moddications 
th;1t are intended not to prevent an accident, but to lessen the severity of the impact of an 
acudent should one uccur." Id. at 7:)1. The court rejected the use of a policy statement as an 
<ll(ept~lbk b;L'iis for closing out NEPA consideration of SAMDAs in a licensing proceeding, 
because, among olher things, it was not a rule mak:ng, see id. at 739. 

Suhsequent to the Lirnnick (kcision, the NRC issued Supplemental Final Environment'll Impact 
SUtcrnenLo.; for the Limerick illld Comanche Peak facilities that considered whether thert: were 
;ltly ({)st-dkctive SAMDAs that should be added to these facilities ("NEPA/SAMDA FES 
SllpplcllH·lIts"). ()n the hasis of the t'v,duatiollS in the suppkmenL) (calkd "NEPA/SAMDA 
('\I~t1uations"), the NR(: determined that further modifications would not be cost-dTective and 
wert' nut nl'n:ss;lry in (Jrckr to satisfy the mandates of NEI'A. 

III r('(ognition of tht' LilTJuick decision, the Commission is requiring NEPA consideration in Part 
~)~ lin:nsing of whether there arc cost-effective SAMDAc; that should be added to a new reactor 
ciesigll to reduce severe accident risk. \Vhile rl)is consideration could be done later on a facility­
specific basis for each com bined license application tinder Subpart C to Part 52. the Commission 
ILlS decided ttLlt maintenance of design standardization will be enhanced if this is done on a 
:":(,Ilnic t);l.~is for each standard design in conjunnion .... ith design certification. See SECy-ql-~29, 
"St'vere Accident Mitigation Design Alternatives for Certified Standard Desiglls." That is. the 
(;()flllllission has decided to resolve the NEPA/SAMDA Cjuestion through ruk-making at the time 
()f certification in a so cdkd uni~lry proceeding, rather than in the context of later licensing 
prCll et'ding\ 

Rncntly, the NR(: St~lfr expanded the definition of SAMDAs to encompass desigTl alternatives to 

prevent sevCft' ;lC(idenL'i, as well ;L) mitigate them. See NUREG ... 1437, wGeneric Environmt'ntal 
Imp;llt Statement for License Renewal of Nuclear PlanL)," (Volume 1, p. 5-1()(»). By doing- so. lhe 
.'it;dllllakcs the set of SAMDA, c()nsidercd under NEPA the ~amc as the set of alternativt.:s to 
prcvent or mitigate severe ;llcirients c()nsickrcd :n satisfaction ()f the (:ommissi()n's sevt'f{' 

.lccidt'nt I"cquilt'IlH'nt.'i ;ll1d policies. 

1.2 Purpose 

The purpose of this technical support document is to provide a h;L'iIS for determining the status ()f 
seven: .1ccicltnt clusure under NEPA for the ABWR design. The dl)LUrnent supports a 
(ktt'flllill;uioll. which could ht' codified in a manner similar to tht' form;u of lhe \\';LStc 
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specific basis for each com bined license application tinder Subpart C to Part 52. the Commission 
ILlS decided ttLlt maintenance of design standardization will be enhanced if this is done on a 
:":(,Ilnic t);l.~is for each standard design in conjunnion .... ith design certification. See SECy-ql-~29, 
"St'vere Accidcnt Mitigation Design Alternatives for Certified Standard Desiglls." That is, the 
(;()flllllission has decided to resolve the NEPA/SAMDA Cjuestion through ruk-making at the time 
()f certification in a so cdkd uni~lry proceeding, rather than in the context of later licensing 
prCll et'ding\ 

Rncntly, the NR(: St~lfr expanded the definition of SAMDAs to encompass desigTl alternatives to 

prevent sevCft' ;lC(idenL'i, as well ;L) mitigate them. See NUREG ... 1437, wGeneric Environmt'ntal 
Imp;llt Statement for License Renewal of Nuclear PlanL)," (Volume 1, p. 5-1()(»). By doing- so, lhe 
.'it;dllllakcs the set of SAMDA, considered under NEPA the ~amc as the set of alternativt.:s to 
prcvcnt or mitigate severe ;llcirients c()nsickrcd :n satisfaction ()f the (:ommissi()n's sevt'f{' 

.llcicit-nt rcquirt'lllcnc, ,mel policics. 

1.2 Purpose 

Thl' purpose (If this technical support document is to providc a b,L~IS for determining the SLltllS oj 
sevcrT dccickllt closure under NEPA for the Al~\\,R design. The dULument supporLS a 
d('tt'fll1in,l!ion, which could be codified in a m,lI1ner similar to the format of trw \\'~L,tt' 

.... 
I Rev J 



,. , . 

Confidence Rule (10 eFR §51.23). as proposed in amendments to 10 CFR Part 52. These 
amendments would provide that: 

25A5680 

(I) For the ABWR design. all reasonable steps have been taken to reduce the occurrence of a 
severe accident involving substantial damage to the core and to mitigate the consequences 
of such an accident should one occur; 

(2) No cost .. effective SAMDAs to the ABWR design have been identified to prevent or mitigate 
the consequences of a severe accident involving substantial damage to the core; 

(3) No further evaluation of severe accidents for the ABWR design. including SAMDAs to the 
design. is required in any environmental report, environmental assessment, environmental 
impact statement or other environmental analysis prepared in connection with issuance of a 
comhined license for a nuclear power plant referencing a certified ABWR design; and, 

The evaluation presented in this document is modeled after that found in the Limerick and 
Comanche Peak NEPA/SAMDA FF...5 Supplements for those facilities. Additional information 
conceming the radiological risk from severe accidents for those plants is not found in the 
supplemenl'i, but in the FESs for the Limerick and Comanche Pear. facilities. That information 
with respect to the ABWR desibm is presented in this document. The discussion herein 01 the 
radiological risk from severe accidents is based on Chapter 19 of the ABWR SSAR .. Attachment A 
to this document presents the basis for concluding that further modifications to the ABWR design 
are not warranted in order to reduce the risk of a severe accident through the arldition of design 
features to prevent or mitigate a severe accident. This information originally appeared as 
Appendix P to Chapter 19 of the SSAR. It was subsequently agreed with the NRC staff that this 
infonnation should be set forth in an attachment to this document; accordingly, it has been 
located, in updated form, as Attachment A hereto. 

1.3 Description of Teclmical Support Document 

Section 2.0 provides an overview of the radiological risks from severe accidents. Sections 3.0 
through 5.0 provide the NEPA/SAMDA analysis. Section 3.0 discusses the methodological 
approach to the evaluation of SAMDAs under NEPA. Section 4.0 presents the results of the cost .. 
effectiveness evaluation of the potential SAMDA modifications. Section 5.0 presents u'1e 
conclusions and Section 6.0 the references. 

~.O EVALUATIONS OF RADIOLOGICAL RISK FROM NUCLEAR powrn PLANTS 

2.1 Evaluation of SAMDAs Under NEP A and Limerick Ecology Action 

Limerjck ECQlo~ ActioD stands for two propositions. First, NEPA requires explicit consideration 
of SAMDAs unless the Commission makes a finding that the severe accidents being mitigated arc 
remote and speculative. Second. the Commission may not make this finding and dispose of 
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NEPA l.onsideration of SAMDAs hy means of a polil], statement. The purpose of evaluating 
SAMDA!I under NEPA is to a.'isure thal all reasonahle means have been considered to milibrate the 
;mpaCL'i of seVt~re accidents that are not remote and speculative. A'i discussed ahove, the 
Commission has indicated that it will resolve the NEPA/SAMDA issue for a new reactor design in 
thc salTlc procceding, called a unitary proce(~ding, in which it certifies thal design. 

The Commissioll's Scvere Accident and Safety Goal policy statemenL'i require the COlTlmission to 

makc lTrI~lin findings about cadI ncw rcactor design. For evolutionary desigm, of which the 
ABWR is onc, this lTlust be done by the Staffin conjunction with FDA approval and by tht~ 
COlTlmission in conjullction with certification. First, the Commission must find that an 
t'voilitiollar], plant 1Tl('cL'i thc safety goals and o~jectives; i.e., that the radiological risk from 
operating an evolutionary plant will be arreptahle, meaning that any further reduction in risk will 
Illlt he suh-;t~lIltial. 

S<'Conel, th<~ (;olllmission must lind that all reasonable means have hecn taken to rt~duce St~vere 
accidellt risk in the evolutionary plant design. As part of the hasis for making this finding, the 
cost-dkctivenl'ss of risk reduction alternatives of a preventive or mitigative nature must be 
l·valu'lled. 

(:hapter I ~I of thl' ABWR SSAR demonSlratt~S that these findings can be made for the AHWR 
eloign. (~ivell the nature and findings of these severe accident and safety goal evaluations. CE 
believes lh,lt a suflicicnl hasis t'xisL'i for findin~ hy rule that further consideration of severe 
accidellt.s. illrluding cv,llllation of SAMDAs pursuant to NF.PA, is neitha necessary nor 
n';L'ionahle . 

2.2 Cost/Benefit Standard for NF..PA Evaluation of SAMDAs 

Thl' l.imn-irk dl'cision illtcrprt·tl'd NEPA to rUlllire ev.lluation of SAMDA'i for their risk 
rTdllrtioll potential. In implementing the court's decision, the NRC uH1sidered the COSI­

dlt-nivelH.'ss of e,ll'h candidate SAMDA in mitigating the.irnpacI of a severe accident. using lht' 
SI,()()() pl.'r pcrson-n:m avnted s~mdard. This s~mdard is a surrogate for all ofl-site 
l( mseq ll(~nlTS. 

The b,L'iic approach in this stlldy is to rank the SAMDA'I in terms uf their cost-dlectivcness in 
mitigatinl-; the impart of it sevnc accident. TIle criterion applied is the $1.000 pa person-rem 
aVl.'rted standard. which is what the Commission has historically used in distinhruishing among 
,mel ranking design alternatives. inrluciing SAMDA.'i. 

Thl' COlllmission h;L'i used this standard in the context of both safety and NEPA analyses. For 
l'x<lmpk. in tht, contl'xt of safety analysis. the standard has been used to perform evaluations 
associated with implementation of the Safety Goal Policy Statelllent; the Severe Accident Poli<]' 
S~ltelllt'nt; and ~50.34 (I) n..'quirements. In the context of environmental analysis, it h;L'i been 
IIsed in thc: l.imerick and Comanche Peak NEPA/SAMDA FF_~ Suppkml.'nL'i; and in thl.' draft 
( ;t'llcrir Ellvirollllll'llt.d I m pad Statement for License Rt'nl'wal of Nuclear Plan L<; (NURE( ;"'l·B 7) . 
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NEPA lonsideralion of SAMDA.'i by means of a policy statement. The purpose of evaluating 
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make cntain findings about each new reactor desi).,'11. For evolutionary designs, of which the 
ABWR is ()ne. this lTlust be done by the St.dfin conjunction with FDA approval and by the 
(;ollllTlission in conjunction with certification. First. the Commission must find that an 
evolutionary pLtnt lTH'el'i the safety goals and ohjectives; i.e., that the radiological risk from 
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;Iccicicnt risk in the evolutionary plant design. As part of the ha.sis for making this finding, the 
rost-dlcnivenl'ss of risk reduction alternatives of a preventive or mitigative nature must he 
{'v,1I u'llcd. 

(;hap[cr I ~I of the ABWR SSAR demonstrates that these findings can be made for the AHWR 
design. (~ivcll [ht' nature and findings of these Severe accident and safety goal evaluations, (~E 
helieves tll<lt a suflicit'nt l),L'Sis c"xisL'i for finding hy rule that further consideration of severe 
<Iccicit-nt.'i, including ev.duation of SAMDA.~ pursuant to NEPA. is neither necessary nor 
rcasonable. 

2.2 Cost/Bcncfit Standard for NEPA Ev-aluation of SAMDAs 

Tht' l.imn-irk dnisiun interpreted NEPA to rUjuire ev,liuation of SAMDA.'i for their risk 
reductioll potential. In implemt'nting the court's decision, the NRC considered the (ost­
l'lit-nivcllcss ole'll'h ClIldid<ltl' SAMDA in mitigating the impacl of a severe accident, using thl' 
Sl,()()() per person-n'm 'lvertcd standard. This standard is a surrogate for all ofl-site 
l (1I1St'Q llcnccs. 

The b'L'iic approach in this study is to rank the SAMDA.<; in terms uf their cost-dTecliveness in 
Illiligalinh [he impart of a severe accident. TIle criterion applied is the $l,O()O per person-rem 
;1Vt'rt('(1 standard, which is wh<lt the Commission h'Ls historically llsed in distinguishing among 
.111(1 ranking design alternatives. including SAMDAs. 

Tht' (;ommission h'Ls used this standard in the context of both safety and NEPA analyses. For 
l'x<lmpk. ill tht' (ontl'xtuf safety analysis, [he standard ha.<; been used to perform evaluations 
;lssmi<lled with implementation of the Sakty Coal Policy St~llement; the Severe Accident Policy 
Scatt'I1ll'11l; and ~5().:H(1) rt'fjuiremenlS. In the context of environmental analysis, it h;LS lKen 
used ill the l.imerick anrl Comanche Peak NEl'A/SAMDA FF~~ SuppkmenLs; and ill the draft 
(;cllnic Envir()IlIlH'nt.1I ImlMlt Statement for l.icense Rent'wal of Nuclear PlallL~ (NURE< ;"'1·1:\7). 
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As indicated above, the Commission is preparing a Generic Environmental Impact Statement for 
License Renewal of Nuclear Plant.'). The draft statement, NUREG-1437. makes clear that the use 
of this standard in the eVJ.luation of severe accident risk reduction alternatives. which include 
SAMDAs. is acceptable (see NUREG-1437. Vol. I. p. 5-108). 

On the b.u;is of these considerations, the cost/benefit ratio of $1,000 per person-rem averted is 
viewed as an acceptahle standard for the purposes of eVJ.luating SAMDAs under NEPA. 

2.3 Socio-Economic R.isXs for Severe Accidents 

As discussed above in Section 2.2. the Commission uses the $1 ,OOO/person-rem-averted standard 
as a surrogate for all off-site consequences. See SECl'-89-1 02. MImplementation of Safety Goal 
Policy." However, Environmenl<ll Impact Sl<ltements (EIS) for nuclear power plants provide 
separate, general discussions of the socio-economic risks from severe accidents. In keeping with 
this precedent. GE is providing a general discussion of socio-cconomic risks for the ABWR design. 
based in large measure on the discussion of such risks in NUREG-1437. "Generic Environmental 
Impact St<ltement for License Renewal of Nuclear PlanL'>." 

The term "socio-economic risk from a severe accident" means the probability of a severe accident 
multiplied by the socio-economic impacts of a severe accident. "Socio economic impacts," in 
turn, rdate to on~site cosL'>. The ofT-site cosL, considered in NURECr1437 (see Vol. I, p. 5-90) are: 

• 
• 
• 
• 

• 

Ev.lcuation costs 
Value of crops or milk, contaminated and condemned 
Costs of decontaminating property where practical 
Indirect coSL') due to the loss of the usc of properly or incomes derived therefrom (including 
interdiction to prevent human injury). and 
Impacts in wider regional markets and on sources of supply outside the cont<lminated area. 

NURE(~1437 estimated the socio-("conomic risks from severe accident.'i. The estimates were 
b'L'>cd on 27 FESs for nuclear power plant.'i that contain analyses considering the probabilities and 
consequences of severe accidents. For these plants, the ofT-site costs were estimated to be as high 
'lS $6 billion to SH billion dollars for severe accidents with a probability of once in one million 
operating years of occurring. Higher cost.'i were estimated for severe accidents with much lower 
probabilities. The pf(~jected cost of adverse health efTects from deaths and illnesses were 
estimated to average about 10-20% of of1~siL mitigation costs and were not included in the $6-$8 
billion dollar estimate. 
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On the basis of these considerations, the cost/benefit ratio of $1 ,000 per person-rem averted is 
viewed as an acceptahle standard for the purposes of evaluating SAMDAs under NEPA. 

2.3 Socio-Economic Risks for Severe Accidents 

As discussed above in Section 2.2, the Commission uses the $l,OOO/person-rem-averted standard 
as a surrogate for all off-si te conseq uences. See SECY-89-102, "Implemen tation of Safe ty Goal 
Policy." However, Environmental Impact Statements (EIS) for nuclear power plants provide 
separate, general discussions of the socio-economic risks from severe accidents. In keeping .... ith 
this precedent, GE is providing a general discussion of socio-cconomic risks for the ABWR design, 
based in large measure on the discussion of such risks in NUREG-1437, "Generic Environmental 
Impact Statement for License Renewal of Nuclear Planl'i." 

Tht: term "socio-economic risk from a severe accident" means the probability of a severe accident 
multiplied hy the socio-economic impacts ofa severe accident. "Socio economic impacts," in 
turn, rdatt: to {)n~sile COSl'i. The oO"-site costs considered in NURECr1437 (sec Vol. I, p. 5-90) arc: 

• 
• 
• 
• 

• 

Ev.lcuation costs 
Vallie of crops or milk, contaminated and condemned 
Costs of decontaminating property where practical 
indirect costs due to the loss of the use of properly or incomes derived therefrom (including 
interdiction to prevent human injury), and 
Impacl') in wider regional markets and on sources of supply outside the contaminated area. 

NUREC~-1437 estimated the socio-e(onornic risks from severe accidents. The estimates were 
b;L<;ed on 27 FESs for nuclear power plants that contain analyses considering the probabilities and 
consequences of severe accidents. For these plants, the ofT-site costs were estimated to be as high 
as $6 billion to $H billion dollars for severe accidents with a probability of once in one million 
operating years of occurring. Higher costs were estimated for severe accidents with much lower 
probabilities. The projected cost of adverse health efTects from deaths and illnesses were 
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Another source of (oSl'l, which NUREG .. 1437 indicated could reach into the billions of dollars, 
W~L,) costs a.ssociated with the termination of economic activities in a contaminated area, which 
would create adverse economic impacts in wider regional markets and sources of supplies outside 
the contaminated arca. The predicted conditional land contamination was estimated to be small 
(10 acres/year at most). (Sec NURECrI437, Vol. I, pp. 5-90 through 5-93.) 

NURE.G .. 1437 provides the bases for concluding that the socio-economic risks from severe 
accidenl<; are predicted to he small and the residual impacts of severe accidents so minor that 
det'liled consideration ofrnitigatio!l alternatives is not warranted. See 56 Fed. Reg. 47,016, 
47,019,47,034 and 47,035 (September 17, 1991). 

The socio-economic risks contained in NUREG-1437 are bounding for plants of AB\VR design. 
First, the core damage frequency for plants of ABWR design is 1.6E-7 per year. Thus, no 
accidenL'i, and hence no off-site costs, are expected at probabilities at or greater than once in one 
million years. Second, plants of ABWR design meet the safety goals set forth by the NRC. See 
Section 3.2, below. 

3.0 RADIOLOGICAL RISK FROM SEVERE ACCIDENTS IN PlANTS OF ABWR DESIGN 

3.1 Severe Accidents in Plants of ABWR Design 

Chapter 19 of tilt: ABWR SSAR, wRcsponse to Severe Accidcnt Policy Statement," establishes that 
the Commission's severe accident safety requiremenL~ have been met for the AHWR design, 
including treatment of internal and external events, uncerr.linties, performance of sensitivity 
studi~s, and support of conclusions by appropriate deterministic analyses and the evaluations 
required by 10 CFR Part 50.34(0. It also est.ablishes that the Commission's safety goals have been 
met. 

Specifically, the following topics were address~d in Chapter 19 of the ABWR SSAR: 

(I) Consideration of the contributions of internal events (Section 19.3), Shutdown events 
(Section 19.4) and external events (Section 19.4) to severe accident risks, including a 
seismic risk analysis based on the application of the seismic margins methodolob'Y 
(Appendix 191); 

en Identification of the AHWR dominant accident sequences; 

C\) Identification of severe accicient risk reduction features which were included in the ABWR 
design to achieve accid~nt pr~venti()n and mitigation (address~d in Suhsection 19.7.~(2)); 

Consideration of additional modifications. ~valuated in accordance with §50.34(f) (1), is 
Mldresscd in Att~lchrnt'nt A. Chapter 19 concludes that the severe accident requirements of 10 
eFR P.lrt :)2 (~!)2.4 7 (a) (I) (ii), (iv) & (v)) and the Severe Accident Policy Sr.ttement h~lve heen 
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mel. It also provides a summary of the bases for these conclusions. In particular, Chapter 19 
presents a summary of the bases for concluding Lhat the requirements of § SO.34(f) (referenced 
in §S2.47(a) (l)(ii» have been met, including §50.34(f) (l)(i), which requires "perform [ance of] 
a plant/site-specific [PRA], the aim of which is to seek such improvements in the reliability of 
core and containment heat removal systems as are significant and practical and do not impact 
excessively on the plant." Attachment A presents the bases for concluding that further 
modifications to the ABWR design are not warranted in order to reduce the risk of a severe 
accident through the addition of design features to prevent or mitigate a severe accident. 

Section 19.6 of the ABWR SSAR addresses bow the goals of the Severe Accident Policy Statement 
have been met for plants of ABWR design. TIlese goals include: 

• 
• 
• 
• 
• 
• 
• 

Prevention of core damage 
Prevention of early containment failure for donlinant accident sequences 
Evaluation of the effects of hydrogen generation 
Heat removal to reduce the probability of containment failure 
Prevention of hydrogen deflagration and detonation 
OfIsite dose, and 
Containment conditional failure probability. 

Specific conclusions concerning severe accidents for plants of ABWR design based on the ABWR 
SSAR Chapter 19 evaluations are as follows: 

(1) Core Dama~'C Frequency. The ABWR core damage frequency was determined to be 1.6E-7 
per reactor year in Subsection 19.6.2. The goal was 1 E~ per reactor year. 

(2) Conditional Containment failure Probability. The conditional containment failure 
probability was shown to be 0.002 in Subsection 19.6.8. This is significantly below the goal of 
0.1. 

(3) Individual Risk (Prompt Fatality Risk), The prompt fatality risk to a biologically average 
individual within one mile of an ABWR site boundary was determined to be 1.4E-13 per 
individual per year in Section 19E.3. This is significantly less than the goal of one tenLh of 
one percent of the sum of prompt fatality risks resulting from other accidents to which 
members of the U.S. Population are generally exposed. The numerical value of this goal is 
3.9E-7 per individual per year (or 0.04 per 100,000 people per year). 

(4) Socjetal Risk (Latent fatality Risk), The latent fatality risk to the population within 50 miles 
of an ABWR sile boundary was determined to be 9.0E-13 per individual per year in 
Section 19E.3. This is significantly less than the goal oi one tenth of one percent of the sum 
of the cancer fatality risks resulting from all other causes. The numerical value of this goal is 
1.7E~ per individual per year (or 0.17 deaths per 100,000 people per year). 
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(1) Gore Dama~e Frequency. The ABWR core damage frequency was determined to be 1.6E-7 
per reactor year in Subsection 19.6.2. The goal was 1 E-6 per reactor year. 

(2) Conditional Cootainment Failure Probability. The conditional containment failure 
probability was shown to be 0.002 in Subsection 19.6.8. This is significantly below the goal of 
0.1. 

(3) Individual Risk (Prompt Fatality Risk>' The prompt fatality risk. to a biologically average 
individual within one mile of an ABWR site boundary was determined to be 1.4E-13 per 
individual per year in Section 19E.3. This is significantly less than the goal of one tenth of 
one percent of the sum of prompt fatality risks resulting from other accidents to which 
members of the U.S. Population are generally exposed. The numerical value of this goal is 
3.9E-7 per individual per year (or 0.04 per 100,000 people per year). 

(4) Socjetal Risk (Latent Fatality Risk>. The latent fatality risk. to the population within 50 miles 
of an ABWR site boundary was determined to be 9.0E-13 per individual per year in 
Section 19E.3. This is significantly less than the goal oi one tenth of one percent of the sum 
of the cancer fatality risks resulting from all other causes. The numerical value of this goal is 
1.7£-6 per individual per year (or 0.17 deaths per 100,000 people per year). 
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(r)) Prohjlhiljty of L\f~e; Otr-Sitt Dose;. The probability of exceeding a whole body dose of25 
rem at a dis~l!1ce of one-half mik from a ABWR was determined to be less than I E-9 per 
reactor year in Section 19E.3. 

Ke:-.idllal radiological risk from severe accidents in plants of AB\VR design is summarized in 
Table A-I (reproduced here as Table 1). The cumulative exposure risk to the population within 
:,() miles or a plant of ABWR design is approximately 0.269 person-rem for an assumed plant life 
()f fl() )'ears. This calculation inclu(\t:s the dominant sequences. as well as several sequences that 
.Ire considered remote and speculative. 

:~.2 Dominant Severe Accident Sequences for Plants of ABWR Design 

In performing lhl' I'KA for the ABWK design. (;E idemified and eVdluated many severe accident 
st·qllcnct's. For each St'fjucllce, tht' ~lIlal)'sis identified an initiating event and traced the 
;Inident's progression to iL'i end. For sequences involving core damage, conditional containment 
Ltillire probabilities and oflsite consequences were estimated. After the accident scenarios were 
binned acc()rding lo radiological rc\t:;L'ie (source term) parameters. only two dominant cases 
remained. 

The d()minant Cl.'it'S are: C:~L'\e I (bcst estimate core damage sequences that had rupture disk 
Mtivation); and the Nt:L CL~e (core damage with normal containment leakage). The residual 
risks of thest' two CISt'S ran be found in Table I. Thc complete radiological consequence analysis 
(,f the dominant sequences can be found in Section 19E.3 of the AB\\,R SSAR. 

The probability of occurrence of dominant sequences is greater than 1 E-9 per year. Several 
srquel1u:s with occurrence probabilities less than 1 E-9 per year were carned through the severe 
;\Ccident analysis in order to determine the sensitivity of plants of AB\VR design to certain 
phenOJl)en;1 and parameters. These sequences were also considered in the SAMDA ev.lluation for 
'icllsitivity purposes. 

Sequences with prohahilities of occurrCllce less than I E-9 were considered remote and 
'iJH·ndativc. While the Commission h~L~ not yet specified a quantitative point at which it will 
l ()[)sider severe accident probabilities ,L~ remote ,md speculative, it has indicated that a decision 
to consider severe accidents remote and speculative would he b~L"ed upon the accident 
probahilities and the accident scenarios being anal:aed. See Vnmont Yankee Nuckar Pown 
Corporation. (VerJl)ont Yankee Nuclear Power St~ti()n). CLJ-90-07. 32 NRC 129.132 (l990). 

(;E believes that the severe ;lccident analysis in Chapter 19 of the ABWR SSAR provides a 
'ild1icient b,L'iis for the Commission to find that AB\VR sequences that are not dominant can be 
deem~'d remote and speculative. 
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:t3 Overall Conclusions from Oupler 19 of the ABWR SSAR 

The spccific conclusions about se:vere accident risk discussed above support the overall 
(clIHlusioll that the: e:nvironmelltal impacl" of severe accidents for planl'i ofAB\VR de:sign 

represent ,I low risk to the population and lO the environment For the ABWR design, all 
rc,L'ionable steps have been taken to reduce the occurrence of a severe accident involving 
suhstantial damagc to the core and to mitigate the conscC]uences of such an accident should one 
()( {Ilr. No further cost-effective modifications to the AB\\,R design have been identified to reduce 
tht' risk from a severe accident involving suhstantial damage to the core. No further ev,t1uation of 
\cvcre accidenl'i for the AB\VR design is reC]uired to demonstrate compliance with the 
(:()IT1Jllission's severt' accident requirernenl~ or polic), or the safety goal. 

4.0 COST/BENEtIT EVALUATION OF SAMDAS FOR PLANTS OF ABWR DESIGN 

4.1 SAMDA Defmition Applied to Plants of ABWR Design 

Att;lchmcnt A considers whether the AB\VR design should be modified in order tf) prevent or 
Illitigate the cOllselllH.'lllCS ()f a severe accident in :,atisfanion of the NRC's severe accidcnt 
rcqllirt'ITlCIlL'i in I () eFR Parts ~() & :)~ and thc Severe Accident P(dicy SLltemenl. The 
()st/henefit n",dllation ()f SAMDAs to pLmL'i of AH\VR d.t:si~TTl u~es the expanckd definition uf 
SAMI>As 'iet forth in NUREC-14:n: design altl'm<lti"es that could prevt:nt and/or mitigate the 
({)IlSC'lllCIHTS of a scvere accident. 

4.2 Cost/Benefit Standard for Ev-.tluation of ABWR SAMDAs 

,\s ciistllssni in Sectioll ~.~ atx)vc. the cost/benefit ratio of$l,OOO per person-rcrn avened is 
viewed hy thc NRC ;ul(i the nuclear industry as an acceptable standard for the purposes of 

n~t1uatillg SAMDA.'i under NEPA. This standard was used as a surrogate for all of1~sit(' costs ill the 
(ost/ht'lH'fit cvalll,uion of SAMDA'i to plant.'> of AB\VR design. Averted on-site cost.s were 
illl orporatn\ fur SAt.U)A<; that were at least partially preventive in nature 1. On-site cosl'i resulting 
from a severe accidellt include replacemellt power, on-site cleanup C()Sl~, and cconomic loss of 

tilt' facility. A more detailed discussion of averted On-Sill' cosL'i call be found in AtLlchmelll A. 
The eqllation lIsed to determine the cost/benefit ratio is: 

(:()st/ht'lldit f<uio 
_ Cost of SAMDA irnp'cmellt;ltion ~llNUS ,lvcrted on-site COSUi 

Reduction in rcsicilnl risk (person-rem/plant life) 

,\ 1'1,1111 liktilTH' III /)() \'t'ars W;L, ;L'iSlllllnit() maxim ill' the reduction in residllal risk. 

i:\\'it'SSITH"llt of a\Trtn! Oil-site lost, arc prmicini for information onl\', It is (~E's p()siti()11 

th.ll tht" NR(: is lit)! required \0 .tlCtHlllt fur these l()SL~. 
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SAMIlAs 'it't forth ill NURE(;"'I4:)7: desig-n alternatives that could prevent and/or mitigate the 
(()Ilsequenccs of ,1 severe accident. 

4.2 Cost/Benefit Standard for Evaluation of ABWR SAMDAs 

A., distllssnl in Sntioll ~.:! above, the cost/benefit ratio of $1 ,000 per person-rem averted is 
\·il'wl'd hy the NRC ;tlld the nuclear indust!)! as an acceptable standard for the purposes of 
t'\~dllating SAMDA.'i ullder NEPA. This standard was used ~s a surrng-ate for all off-sitt" costs ill the 
( )sl/hcnl'iit ty,\lu;tlion of SAMDAs to plant5 of AB\\,R desig-n. Averted on-sile cost$ were 
Ill( ()rporated fur SAMDAs that Wl're at Ie~LSt partially preventive in nature I. On-site COSl'i resulting 
!rorn a seven' accidcllt include replacemelll power, on-site cleanup coSLS, and economic loss of 
the facility. A more detailed discussion of averted on-site COSL'i (an be found in Attachment A. 
Tht' equation used to determine the cost/benefit ratio is: 

_ (:ost of SAMDr\ implemClllation MINUS averted on-site costs 

Reduction ill residual risk (pnson-rem/plant life) 

A plant Iilt-liTll(' 01 {)() \TMS W~lS a.'isllrnl'd to m~lxiTlli/C the rcduClion in residual risk . 

. \";S(,S";TTH·nt of averll'd on-site ()sts art' provided ror information only. It is (~E's positioll 
Ih.11 Ihl' :--..;!{(: is IWI iequired \0 '1«(()Ullt I()r lhese (osts. 
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4.3 Candidate SAMDAs for the ABWR Design 

The complete list of SAMDA.~ considered for planL~ of ABWR desig-n is contained in Table 2. This 
list is also corlt~lined in Table A-3 of Att~lchment A. The SAMDAs are classified according- to the 
following categories: 

(1) Modification is applicable to the AB\VR and already incorporated into the design. No 
further ev,lluation is needed. 

(2) Modification is applicable to the ABWR but not incorporated into the design. These 
modifications wtTe considered further in Attachment A and the results of the cost/benefit 
analysis will be presented in this document. 

C~) Modification is not applicable to the ABWR desih'11 due to the ba.~is prr>vided. 

(4) Modification is considered as part of another modification listed in the table. 

'Llhle :) lisl.~ the advantages and disadvantages of each desig-n alternative that is applicable to the 
AHWR hut lIC1l inl()rpor~lted inlo the design (M2" classification in Table 2). A (Ie~liled discussion 
oj each alternative is con~lined in Secti()1l A.4 of Attachment A. 

4.4 Cost E...,timatcs of Potcntial Modifications to the ABWR Design 

Table 4 provi(ks a brief explanation of the estimated cosL~ of each design altcrnative applicable to 

the ABWR desih'11. Details of the cost estimation methodoloh'Y are provided in Section A.l.3.2 of 
Attachment A. A.~ discussed in All~\Chment A, rough order of magnitude costs, bia..'icd in favor of 
making a modification, were a.~signed to each modification. The cosL~ represent the incrernen~ll 
costs that would be incurred in a new plant rather than costs that would apply on a backlit b'L,is. 

The estimated coSL~ of design alternatives that are, at \e,L'it partially, preventive in nature were 
;lcijusted for averted on-site costs. This adjustmem is included in the cost estimates in Table 4. 
Design alternatives lhat are purely mitig.llive in nature are not assigned any averted on-site cosL" 
hecause these modifications do not significantly aflect sile clean up cost nor significantly lessen 
the plant investment loss. Section A.5 of Attachment A discusses the bases for assigning averted 
on-site cosL, in (k~lil. 

(:onsiderable uncer~lilllies prevenl precise cost '- 'itimates because desib'l1 de~lils have nol been 
developed and construction and licensing delays cannot he accurately eV.lluated. For purpose of 
this evaluation, all known or reasonably expected costs were accounted for in order that a 
r(',L<;~lIlahil' ,L'iSeSSIllCnl of the minimum cost could he obtained. Using a minimum cost favors 
ill\pkrncn~llion of a modification. Actual impkll1t'nt~lti()n costs are expected to he significantly 
higher lh;lI1 those lIsed in this n".du;(tion. 
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4.5 Benefits of Potential Modification.~ to the ABWR Design 

Table:> summarizes the basis for assigning a benefit to each SAMDA. In general, benefit'! were 
estimated from the PRA resulL .. of Chapter 19 of the AB\VR SSAR by considering which sequences 
;lre afTected by each modification. Detailed discussion of the method for estimating benefit is 
provided in Section A.4 of Attachment A. The averted residual risk for each SAMDA is also given 
ill Table :J. 

4.6 Cost/Benefit Comparison of SAMDAs 

Table tl summarizes the results of combining the cost estimates from Table 4 witll the benefit 
estimatc.~s from Table 5. As is evicknt from Table 6, none of the SAMDAs refjuires further 
cv,lluation since the cost/benefit st~lndard was not mel. The closest desi b'11 alternative exceeds 
tile criteria by more than a factor of 1 (jOO. 

()n the basis of the small residual risk of a plant of ABWR design, 0.269 person-rem for the entire 
plant lik, a design modification would have to cost $269 or less in order to meet the standard of 
$I.O()O per person-rem averted. 

5.0 SUMMARY AND CONCLUSIONS 

A re;L'ionahle al 'comprehensive set of candidate SAMDA .. relevantlo the AB\NR design W.L'! 
{'valuated in ten. of minimum cost .. , averted on-site cost'! and potential benefit'!. A screening 
criterion of S l,()O(l per person-rem averted W;L'i used lo determine which alternatives, if ally, were 
cost-dl(:ctive. N( Jlle was found to meet the criterion. In fact, the implementation cost of a 
SAr-.fllA would have to he less than $269 in order to pass. Given the low residual risk profile of 
the ABWR design, SAMDA'i cannot b~ rea'ionahly incorporat~d in a cost-effective manner. 

()I\ the basis of the foregoing analJ'Sis, further incorporation of SAMDAs into the ABVlR dcsibTTl is 
lUll warranted. No further screening of SAMDAs is needed and no SAMDAs need be 
incorporated into ABWR design in satisfaction of NEPA. 

6.0 REFERENCES 

I. ".BWR S~lI1dard Safety Analysis Report, 23A61 00, Docket No. 52"{)Ol, GE Nuclear EnerbT 

~. Assessment of Severe Accident Prevention and Mitigation Features, NUREG/CR-4920, 
Brookhaven National Lahoratory, July 1988. 

:~. Design and Fe;L'iibility of Accident Mitigation Systems for Light Water Reactors, 
NURFC ~/( :R-4()~S. R&D Associatcs. August 1 ~185. 
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4. E\.~illiation of Proposed Modifications to the GESSAR II Design. NEDE 30640 (Proprietary). 
June 1984. 

:l. Generic Environmental Impact Statement for License Renewal of Nuclear Plants. NURE.G-
14:)7. AUKust 1991. 

t). "Issuance of Supplement to the Final Environmental Statement-Comanche Peak Steam 
Electric Station. Units 1 and 2". NUREG 0775 Supplement, December 15, 1989. 

7. Severe Accident Risks: An Assessme11l for Five US Nuclear Power Plants, NUREG 1150. 
January 1991. 

H. "Supplement to the Final Environmental Statement-Limerick Generating Station, Units 1 
and 2", NUREC 0974 Supplement, August 16.1989. 

(j. Survey of the St.lte of the Art in Mitigation Systems. NURE.G/CR-3908. R&D A"sociates, 
December 1985. 

I O. Technical Cuidance for Siting Criteria Development, Nt !RE.C/CR-2239. Sandia National 
1..lhoratories, Ikrember 1982. 

II. Title 10, Code of Federal Rq.;ulatiuns. Part 50 and 52. 

1'2. !)OFR3213H, Pol icy Statemen t on Severe Reactor Accident., Regarding Future Designs and 
Existing Plant." AUhTllst, 19H5. 

I ~). !)()FR3002H, Safety Goals for the Operations of Nuclear Power Plants; Poliq Statement, 
August 19H6. 
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Table 1 
Radiological Consequences of ABWR Accident Sequences 

Whole Body Cumulative Exposure 
Probability Exposure, 50 mile Risk 

Case (Event/Year)· (Person-rem) (Per-rem/60 Yr) 

NCL 1.3E-07 9.6OE3 0.075 

1 2.1 E-08 1.38E4 0.017 

2 7.8£-11 8.33E3 0.00004 

3 0 3.71£5 0.000 

4 0 2.06E5 0.000 

5 7.5£-12 9.34E4 0.00004 

6 3.1 £-12 2.42E6 0.004 

7 3.9E-I0 2.73E6 0.064 

H 4.1 E-I0 3.20£6 0.079 

9 1.7E-10 3.31E6 0.034 

Total: 0.269 

• SC'lllcnccs with probabilities of occurrence less than 1 E-9 per year are considered 
remote and speculative. 
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Radiological Consequences of ABWR Accident Sequences 

Whole Body Cumulative Exposure 
Probability Exposure, 50 mile Risk 

Case (Event/Year) • (Person-rem) (Per-rem/60 Yr) 

NCL 1.3E-07 9.60E3 0.075 

1 2.1 £-08 1.38E4 0.017 

2 7.8E-l1 8.33E3 0.00004 

3 0 3.71 E5 0.000 

4 0 2.06£5 0.000 

5 7.5£-12 9.34£4 0.00004 

6 3.1£-12 2.42£6 0.004 

7 3.9£-10 2.73£6 0.064 

H 4.1 £-1 0 3.20£6 0.079 

9 17£-10 3.31 £6 0.034 

Total: 0.269 

• Se'1ucnces with probabilities of occurrence less than 1 E-9 per year are considered 
remote and speculative. 
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Table 2 
Severe Accident Mitigation Design Alternatives (SAMDAs)· 

Considered for the ABWR Design 

Modification 

ACCIDENT MANAGEMENT 

a. Severe Accident EPGs/ AMGs 

h. Computer Aided Instrumentation 

c. Improved Maintenance Procedures/Manuals 

d. Preventive Maintenance Features 

e. Improved Accident Management Instrumentation 

f. Remote Shutdown Station 

g. Security System 

h. Simulator Trainir.g for Severe Accident 

RE.ACTOR Df.CAY HEAT REMOVAL 

a. P;L'isive High Pressure System 

b. Improved Depressurization 

c. Suppression Pool Jockey Pump 

d. Improved High Pressure Systems 

e. Additional Active High Pressure System 

f. Improved Low Pressure System (Firepump) 

g. Dedicated Suppression Pool Cooling 

h. Safety Related Condensate Storage Tank 

I. 16 hour Station Blackout Injection 

J. Improved Recirculation MoJeI 

CONTAINMENT CAPAHILfIY 

a. Luger Volume Containment 

h. Increased Containment Pressure Capacity 

c. Improved Vacuum Breakers 

d. Increased Temperature Margin for Seals 

e. Improved Leak Detection 

r. Suppression Pool Scrubbing 

g. Improved Bottom Penetration Desig11 

* SAMDA.'i include both preventive and mitigative design alternatives 
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Category 

2 

~ 

2 
4 

4 

1 
1 

4 

2 
2 
2 
1 
1 
1 

I 

2 
4 
4 

2 
2 
2 

I 

I 
1 

2 .-
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Table 2 
Severe Accident Mitigation Design Alternatives (SAMDAs)* 

COllSidered for the ABWR Design 

Modification 

ACCIDENT MANAGEMENT 

a. Severe Accident EPGs/ AMes 

h. Computer Aided Instrumentation 

c. Improved Maintenance Procedures/Manuals 

d. Preventive Maintenance Features 

e. Improved Accident Management Instrumentation 

f. Remote Shutdown Station 

g. Security System 

h. Simulator Trainir.g for Severe Accident 

REACTOR DE-CAY HEAT REMOVAL 

a. P;L<;sive High Pressure System 

b. Improved Depressurization 

c. Suppression Pool Jockey Pump 

d. Improved High Pressure Systems 

e. Additional Active High Pressure System 

f. Improved Low Pressure System (Firepump) 

g. Dedicated Suppression Pool Cooling 

h. Safety Related Condensate Storage Tank 

I. 16 hour Station Blackout Injection 

J. Improved Recirculation Moid 

CONTAINMENT CAPABILt'IY 

a. Luger Volume Containment 

h. Increased Containment Pressure Capacity 

c. Improved Vacuum Breakers 

d. Incre;L'ied Temperature Margin for Seals 

e. Improved Leak Detection 

r. Suppression Pool Scrubbing 

g. Improved Bottom Penetration Design 

* SAMDA.'i include both preventive and mitigativ(, design alternatives 
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~ 

2 
4 
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1 
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2 
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2 
1 
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2 
2 
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I 
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Table 2 (Continued) 

Modification Category 
4. CONTAINMENT HE.AT REMOVAL 

a. Larger Volume Suppression Pool 2 

h. CUW Decay Heat Remov.t1 1 
c. High Flow Suppression Pool Cooling 1 
d. Passive Overpressure Relief 1 

5. CONTAINMENT ATMOSPHERE MASS REMOVAL 

a. High Flow Unfiltered Vent 3 
h. High Flow Filtered Vent 3 

c. Low Flow Vent (Filtned) 2 
d. Low Flow Vent (Unfiltered) 1 

6. COMBUSTIBLE GA.") CONTROL 

a. Post Accident Inerting System 3 
h. Hydrogen Control by Venting 3 

c. Prt:-inerting 1 
d. Igniti()n Systems 3 

c. Fire Suppression System Inerting 3 

7. CONTAINMENT SPRAY SYSTEMS 

a. Drywell Head FloodinL 2 

h. Conlainment Spray Augmentation I 

8. PREVENTION CONCEPTS 

a. Additional Service Water Pump 2 

b. Improved Operating Response 1 

I 
c. Diverse Injection System 4 

d. ()perating Experience Feedback 1 

e. Improved MSIV jSRV De~ign I 

9. AC POWER SUPPLIES 

a. Stearn Driven Turbine (;el1erator 2 

b. Al tcrnate Purn p Power Source 2 

c. Ikktt'd 

d. Additi()nal Diesel (~t'nt'rator I 

'2() Rev 1 
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Table 2 (Continued) 

Modification 
4. CONTAINMENT HE.AT REMOVAL 

a. Larger V()lurnt~ Suppression Pool 

h. CUW Decay Heat Remov.d 

c. High Flow Suppression Pool Cooling 

d. Passive Overpressure Relief 

5. CONTAINMENT ATMOSPHERE MASS REMOVAL 

a. High Flow Unfiltered Vent 

h. High Flow Filtered Vent 

c. Low Flow Vent (Filtered) 

d. Low Flow Vent (Unfiltered) 

6. COMBUSTIBLE GAS CONTROL 

a. Post Accident Inerting System 

b. Hydrogen Control by Venting 

r. Pre-inerting 

d. Igniti()n S~'Slems 

e. Fire Suppression System Inening 

7. CONTAINMENT SPRAY SYSTEMS 

a. Drywt.:ll Head Flo()din~; 

h. Containment Spray Augmentation 

8. PREVENTION CONCEPTS 

a. Additional Service Water Pump 

h. Improved Operating Response 

Co Diverse Injection System 

d. ()perating Experience Feedback 

e. Improved MSIV jSRV De~ign 

9. AC POWER SUPPLIES 

a. Sleam Driven Turbine (;encrator 

b. AI tcrnale Pum p Power Source 

c. ()dett'd 

d. Additional Diesel (~t'nt'ralor 

'2() 
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Category 

2 

3 
3 

2 

3 
3 

3 
3 

2 

4 

2 
2 
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Modificatil)Q Category 

9. (Continued) 

e. Incrca.'ied Electrical Divisions 1 
r. Improved Unimcrruptahlc Power Supplies 1 
g. AC Bus Cross-ties I 

h. C;L'i Turbine I 

I. Dedicated RHR (hunkered) Power Supply 4 

10. DC POyVER SUPPLIE.'" 

a. Dedicated DC Power Supply ~ 

h. Addi tional Batteries/ Divisions 4 
c. Fuel (>lls 4 

d. DC Cross-lies 1 
e. Extended Station Blackout Provisions 1 

11. ATIVS CAPABILITY 

a. ATWS Sized Vent 2 

h. Improved ATWS Capability I 

12. SEISMIC CAPABILITY 

a. Increased Seismic Margins I 

h. Integral H;L'iernat ~ 

L~. ~YSTUv1 SI1\H'LlFICATION 

a. Reactor Building Sprays 2 
b, System Simplification 1 

c. Reduction in Reactor Bldg Flooding 1 

14. CORE RETENTION DEVICES 

a. Flooded Rubble Bed 2 
h. Reactor Cavity Fluoder I 

c. ItL'ialtic CemenL'i 1 

~l Rcv 1 
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Table 2 (Continu,,,:d) 

Modificatkm Category 
~l. (Continued) 

c. Increased Electrical Divisions 1 
r. Improved Uninterruptahle Power Supplies 1 
g. AC Bus Cross-ties 1 
h. C'L'i Tu:-bine I 

I. Dedicated RHR (hunkered) Power Supply 4 

10. DC PO\,\,ER SUPPLIE..1.i 

a. Dedicated DC Power Supply ~ 

h. Add i tion al Batteries/ Divisions 4 
c. Fuel C.-lis 4 

d. DC Cross-ties I 

e. Extended S~lti()n Blackout Provisions 1 

II. A TIVS CAPABILITY 

a. ATWS Sized Vent 2 

h. Improved ATWS Capahility I 

12. SEISMIC CAPABILITY 

a. Increased Seismic Margins 1 

h. Integral ItL~emat :) 

1:). ~YSTEM SI1\1PUFICATION 

a. Reactor Building Sprays ~ 

h. System Simplification I 

c. Reduction in Reactor Bldg Flooding I 

14. CORE RETENTION DEVICES 

a. Flooded Rubbk lkd 2 

h. Reactor Cavity Fluoder 1 

c. ItL~altic CemenL~ I 

~1 Rcv 1 
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Table 3 
SAMDAs Evaluated Under NEPA for the ABWR 

Potential Inlprovemcnt Advantages Disadvantages 
Ll. Sevne Accident Improved arrest of core melt None 

EI'( ~s/ Al\H;s progn:ss alld prevention of 
lonLelinment failure, 

I h, (;ornpulcr Aided 1m proved prevention of core AdditIonal traIning 
Ins lru men Lei ti()() melt se<]uences 

Ie. Improved Maintenance Improved prevention of core Increased documenwtion cost 
I'rou'dures/ Manuals melt seCJuences 

~a, Passive High Pressure Improved prevention of core High cost of additional system 
System melt seCJuences 

~h. 1m provcd Improved utili/.ation 0/ Low Cost oj additional equipment 
I )l'pn'ssIJri/dtioll Pressure system·s for 

prevelltion 0/ core melt 
sccjuences 

, ) _l. Suppression l'ool.l()ckt'Y Improved prevention of core Cost of additiollal e<1uipment 

1'llIllP melt selJuences 

'2<1. Sakty RcLltcd AVdilahility following Seismic Design and structural c()sL~ 
(;ondcns;lle Stor;lge Tank even L'i 

:h. Larger VoluITle a. Increases time befort, a. High cost 
Co Il t~l in III e III (Double cOlltainment failure h. COIlLelinment failure nol 
Free Volume) h. Increases time for prt:vented 

r (' C OV('l)' c. Minor radiological benefit 
since risk.s dominated by I 
long lived isotopes 

:)1>. IrHTc;L'ied (:()Ilt~linment a. Eliminates large rele,L"es a. Extreme COSL'\ 

Pressure Capability h. High lempnature failures 
(Sullicient pressure to not prevented 
wilhstand severe 
accicielllS) 

:k. Improved Vacuum a. Re(' lites probability of a. Increased rnainten;lllct' 

Breakers (Rcduncbllt slITJpressioll pool hYP;LSS and equipment l()sL~ 

\~t1vt's ill C;ll h I i Ill') 
r-
:)d. I III proved Bottom Head ~i. I nneascd ti III e tor i n- <l. Cost for t'<1uipmcnt ~Uld 

Penetratioll IksiRn vessel,lrrest analysis 

I'b. I .. argcr Volume a. Increases helt absorptioll a. High cost 

Suppressi()1l P()ol (Douhle capahility within 

i dTcrtive Iic]uid v()lumc) containmellt 

')' ) Rn I 
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Table 3 
SAMDAs Evaluated Under NEPA for the ABWR 

Potential Inlprovemcnt Advantages Disadvantages 
Ll. Sevne Accident Improved arrest of core melt None 

EI'( ~s/ Al\H;s progn:ss alld prevention of 
lonLelinment failure, 

I h, (;ornpulcr Aided 1m proved prevention of core AdditIonal traIning 
Ins lru men Lei ti()() melt se<]uences 

Ie. Improved Maintenance Improved prevention of core Increased documenwtion cost 
I'rou'dures/ Manuals melt seCJuences 

~a, Passive High Pressure Improved prevention of core High cost of additional system 
System melt seCJuences 

~h. 1m provcd Improved utili/.ation 0/ Low Cost oj additional equipment 
I )l'pn'ssIJri/dtioll Pressure system·s for 

prevelltion 0/ core melt 
sccjuences 

-) _l. Suppression l'ool.l()ckt'Y Improved prevention of core Cost of additiollal e<1uipment 

1'llIllP melt selJuences 

'2<1. Sakty RcLltcd AVdilahility following Seismic Design and structural c()sL~ 
(;ondcns;lle Stor;lge Tank even L'i 

:h. Larger VoluITle a. Increases time befort, a. High cost 
Co Il t~l in III e III (Double cOlltainment failure h. COIlLelinment failure nol 
Free Volume) h. Increases time for prt:vented 

r (' C OV('l)' c. Minor radiological benefit 
since risk.s dominated by I 
long lived isotopes 

:)1>. IrHTc;L'ied (:ollt~linment a. Eliminates large rele,L"es a. Extreme COSL'\ 

Pressure Capability h. High lempnature failures 
(Sullicient pressure to not prevented 
wilhstand severe 
accicielllS) 

:k. Improved Vacuum a. Re(' uces probability of a. Increased rnainten;lllce 

Breakers (Rcduncbllt slITJpressioll p()ol hYP;LSS and equipment l()sL~ 

\~t1Vt's ill C;ll h line) 
r--
:~d. Improved Bottom Head ~l. Increascd l i rn t' tor i ll- a. Cost for c<1uipmcnt and 

Penetratioll Iksig-n vt'sse I ,lrresl analysis 

-Lt. I ';lrgcr Volume a. Illcre;L~es he;lt abs()rpti()ll a. High cost 

Suppressi()ll Pool (Douhle capahility within 
dleClive li(Juid v()lume) containment 
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Table 3 (Continued) 

Potential Improvement Advantar.es D isad\'antages 

4a. « ;ontinucd) h. Increases time for b. Minor radiolclhrlcal 
recovery of systems henefit sincc risks 

(. ncreases timc before dominated by long lived 
containment failure isotop_cs 

f--
!la. Low Flow Filtered 'vent a. Provides some scrubbing a. Probability of drywell 

of fission products if head failure is low 
head fails relative to the other 

h. Reduces containment containment failure . leakage if movable modes 
penetrations are 
degraded 

c. low cost 
7a. Drywcll Head Flooding Improved prevention of Additional cost of 

(Fi rewale r lTosslie to core melt sequences equipment 
drywell head area) 

Ha. Additional Service Water Improved prevention of Additional COSl of 
Pu III P core melt seguences efjuipment 

~la. Stearn Driven Turhine Improved prcvcntion of Additional cost of 
( ;Cllerator core melt se~uences equipment 

!lb. Alternate Pump Power I III proved prev(:n tion of Additional cost of 
Source cort.' melt sequences efjuipmem 

lOa. Dedicated DC Power Additional time heforc Marginal benefit 
Supply conwinment 

overpressure 

I Lt. A lY\'S Sil.eci Vent a. Prm;cles scrubbing of a. Uncertain location 
fission produCL'i, except b. Potential for inadvertent 
IH lble gases, which pass actuation 
through reactor building c. Floods reactor building 

which greatly hinders sile 
recovery after accident 

d. Potential failure of 
electrical equipment in 

~. 
rcactor huilding 

I ~a. Rt'aClor Building Sprays Reduced relc('se of Uncertain location and 
(Fi n'W-ill'!" (Tosstic" for fission products from unknown potcntial 
rC;Htor huilding sprays) Reactor Buildinlo{ conscqllcnccs from 

inadvertcnt actuation 

Rev I 
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Table 3 (Continued) 

Potential Improvement Advantay,es Disad\'alltages 

'tao ( :on ti n lied) h. Increases time for h. Minor radiol(lj.,rical 
recovery of systems henefit since risks 

(. ncreases time before dominated by long lived 

cont~linment failure isotopes 
t--

:la. Low Flow Filtered "lent a. Provides some scrubbing a. Probability of drywell 
of fission products if head failure is low 
head fails relative to the other 

b. Reduces containment concainment failure 

leakage if movable modes 

penetrations are 
degraded 

c. low cost 

7a. Df)'Well Head Flooding Improved prevention of Additional cost of 
(Fi rewate r lTosstie to core melt seCluences e<1 ui pment 
df\'Well head area) 

Ha. Additional Servin: \\'ater Improved prevention of Additional cost of 
Pu rn r con: melt se<1uences e<1 ui pment 

lJa. Stearn Driven Turbine Improved prevention of Additional cost or 
( ~cllerator core melt se~uences equipment 

llh. Alternate Pump Power Improved prevention of A(!ditional cost of 
Source core melt se<1uel1ces e<1 ui pmem 

lOa. Dedicated DC Power Additional time before Marginal henefit 

Supply cO!ltainment 
ove rpressu re 

II a. AT\\'S Si/.ec\ Vent a. I'rmir!es scrubbing of a. Uncertain location 
fission pr()dllCL~, except b. Potential for inadvertent 
Il(lble gases, which pass actuation 
through reanor building c. Floods reactor building 

which greatly hinders site 
recovery after accident 

d. Potential failure of 
e lcctrical cf] uiprncn t in 

!-. 
reactor building 

1:);(. Rt';lctor Building Sprays Reduced rclc,'se of Uncertain location and 
(Firewatn (f()ssti<.' for fission products from unknown potential 
re.Hlo[' huilding sprays) Reactor Building consef]llences from 

inadvertent actuation 
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Table 3 (Continued) 

Potential Improvement Advantages Disadvantages 

14<1. Flooded Ruhhk Bcd Prevention of core- Small benefit over passive 
concrete interaction flooding system. 
affects 

Rn) 
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Table 3 (Continued) 

Potential Improvement Advantages Disadvantages 

14a. Flooded Rubble Bed Prevention of core- Small benefit over passive 
concrete interaction f100ding system. 
affects 

Rn) 
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1 a. 

lb. 

II c. 

2a. 

2b. 

2(. 

2d. 

:h. 

I :~h. 
I 
I 

:k. 

Table 4 
Cost Estimates of SAMDAs Evaluated for the 

ABWR UnderNEPA 

Potcntial 
Improvcment Cost Basis 

Severe Accident Plant specific procedure preparation 
EPGs/ AMes beyond generic work by Owners' Group. 

Corn pu In Aided Software modifications and interface 
I Ilslru m en ~ltion hard" re. Credit for averted onsitc cost 

incluned. 

Improved Maintenance Procedure preparation. Credit for averted 
l'r()((~d u res/ M an uals onsitc cost included. 

Passive High Pressure Svstem hardware and installation 
J 

System (Sl,200,OOO). Building modification 
($5SC ,(00). Credit for averted onsite cost 
included. 

Improved Depressurization Logic, pneumatic supplies, piping and 
qualification. Credit for averted onsite cost 
included. 

Suppression Pool.Jockey Sy'Stem hardware and electrical 
Pump connections. Credit for averted onsite cost 

included. 

Safety Related Condensate Structural analj'Sis and material. Credit for 
Storage Tank averted onsile cost included. 

Larger Volume Double current volume at $1200/ft'. 
Containment (Double Free Analysis not included. 
Volume) 

Increa.~cd C()ntainment Similar to Larger Volume Containment, 
Pressure (:apahility hut denser rchar and labor refluired. 
(Sufficicnt pressure to Assumed 5WYrJ higher cost 
wilhs~lIld severt· accident:;) 

Improved V;Hllum Bre;lkcrs Eight lines at S 1 0,000 ref line 
(Redundant ,,",lives in each 

I line) 

25AE)680 

Estimated 
Minimum Cost 

$ 600,000 

$ 599,600 

$ 299,000 

$ J, 744,000 

S 598,600 

S 120,000 

$ 1,000,000 

$ H,O()(),()OO l 
I 

$ I 2,000, ()()() 

$ 100,000 

I I 
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~h. 
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Table 4 
Cost Estimates of SAMD~ Evaluated for the 

ABWR Under NEPA 

Potential 
Improvement Cost Basis 

Severe Accident Plant specific procedure preparation 
EPGs/ AMes heyond generic work by Owners' Croup. 

(:orn pu ler Aided Software modifications and interface 
I nstru m en La ti( >I) hard ... reo Credit for averted onsite cost 

inclu(led. 

Improved Maintenance Procedure preparation. Credit for averted 
Proced u res/ M an uals onsi tc cost incJ ueled. 

Passive High Pressure System hardware and installation 
System ($1,200,000), Building modification 

($55(; ,0(0). Credit for averted onsite cost 
included. 

Improved Depressuri/.ation Logic, pneumatic supplies, piping and 
qualification. Credit for averted onsite cost 
included. 

Suppression Pool.Jockey System hardw<\re and electrical 
Pump connections. Credit for averted onsite cost 

included. 

Sakty Related Condensate Structural analysis and material. Credit for 
Storage Tank averted onsite cost included. 

Larger Volume Double current volume at $1200/ft'. 
(:ontainment (Doubk Free Analysis not included. 
Volume) 

Illcre'L~cd Cont'linment Similar to Larger Volume Containment, 
Pressure (:apahility hut denser rebar and labor reCJuired. 
(Sufficicllt pressure to Assumed 5WYrJ higher cost 
withstand severt· accident:;) 

Improved V;Hllum Bre'lkcrs Eight lines at S I 0,000 rer line 
(Redundant ,,",lives in each 

I line) 

25A.S680 

Estimated 
Minimum Cost 

$ 600,000 

$ 599,600 

S 299,000 

$ 1,744,000 

$ 598,600 

$ 120,000 

$ 1,000,000 

S 8,000,000 -I 
S 1:2, O()O, noo 

$ 100,000 

I I 
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Table 4 (Continued) 

Potential Estimated ~ lmprovemcu. Cost Basis Minimum Cost 

:)d. Irnprowd BottolTl Head ~O:i drives at $1 ,OOO/drive and $500,000 of S 750,000 
I'nH'lration Dcsign ,In a I Y'i i s 

,h. I .. <lf!' • Volume Suppression AsslImed to be the same as Larger Volume S 8,000,000 
PClI)i (Double effective ( ;0 n t~l i n men t 

I i qui d vo I U ITl e) 

:1,1. L()w Flow Filtered Vent Hardware and Testing program S 3,000,000 

7a. Ilrywell H('ad Flooding Minor vdlve and piping modification with $ 100,000 
(Firewater ( rosstie to ins trU!T\ en ~lli()n 
dr)'wt'll ht',H! <IfC,I) 

Ha. Additional Service Watn System hardware, power supplies and $ 1),999, ()O() 

1'11111 P support systems. Credit for averted ollSite 
(ost incillded. 

(b. Stealll Driven TlIrbinc System hardware, cahlin).; and struClllrai S 5,994,300 
( ~l'ner,llor changes. (:redit for averted ol1site cost 

inclllded. 

<lb. Alterllate PUlTlP Power 4()() kW generator at S300/kW. Credit for $ I, j 94,000 
Source .werted ()f1site cost included. 

I (la. 1 led iLl Inl DC: p()Wl'l I)()()() ft' building structure addition at $ 3,OOO,O()() 

Sllpply $!)()()/ft' ancl cabling 

I I ,I. ATWS Sited Velll Instrumen~lli()n and cahling $ :)O(),OOO 

in addition to training 

1 :b. ReaCle)r Building Sprays Minor valve and piping modification with S J 00,000 

(Firewater (fosslie for inslrUllleI1Wti()I1. 

('('actor hll i lei i I1g spra >'S) 

14a. Flooded R\I hhk Bed I ~:)() ft' of material at S 1 OOO/ih S IH,7~O,()()O 
~. 

Rev 1 
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Table 4 (Continued) k Potential Estimated 
Inlprovemcnt Cost Basis Minimum Cost 

~)d. Improwci HouolT1 Head :!()!) drives at $1 ,OOO/drive and $500,000 of S 750,000 
PC[)l'lratio[) Design ~lll<llysis 

'Li. Ltr!' I Volume Suppressioll A~slllTled to be the same as Larger Volume S H,OOO,OOO 
PIll)i (Douhle dTective (:on tain ment 
I i q 1I i d vo IUITl e) 

:);t. Low Flow Filtered Vent Hardware and Testing program S 3,000,000 

7 (1, l>rywell Head Flooding Minor v.llve and piping modification with $ 100,000 
(Firewater uosstic to ins tru rn en tation 
df).well h(,~ld ar(,~I) 

)-\;1. Additional Servi( (' Water System hardware, power supplies and $ 5,Y99,OOO 
Pump support systems. Credit for averted onsite 

cost incluckd. 

(b. Steam Drivt'n Turbine System hardware, cablin).;' and structural S !),994,:WO 
( ~enl'r .. tor changes. Credit for averted onsite cost 

included. 

Qh. Alternate PUlIlP Power 4()() kW generator at S300/kW. Credit for S l,i94,OOO 
Source ;werted (JOsite cnst included. 

1 (la. I kdic;ltt'd 1)(: l'ow('J r)()()o ft' building structure addition at S 3, non, 000 
Sllppl)' S!)()O/ft' and cabling 

1 I .1. ATWS Sil.cd Velll Instrumentation and cabling $ >WO.OOO 

in addition to training 

I :b. RCarlllr Building Sprays Minor valve and piping modification with S 100,000 

(Firl'w;ltcr crosstie for ins tru III e n La ti()n. 

re;lc\or huilding sprars) 

I 'b. Floodt'd R\lhble Bed I ~S() ft' of material at $1 OOO/lb $ 1 H, 7!)O,O()() 
'--
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Ie. 

~a. 

~h. 

~c. 

2d. 

:~a. 

:~h. 

:k. 

?)(i. 

,Lt. 

1ahle 5 
Benefit Estimates of SAMDAs· 

Ey.uuatcd for the ABWR Under NEPA 

Potential 
Improvement Benefit Basis 

Severe Accident lorYr) improvement in mitigative actions 
EP( ;s/ AM(;s 

Computer Aided 100Yr) improvement in preventative actions 
InSlrUm(~n t~\li(Jl1 

Improved Mail1lenance 10% improvement in reliability of Rele, 
Pron~d llres/ M anllals HPCF, RHR and LPFL 

Passive High Prnsure 90% reliable diverse additional high 
S~tem pressure system 

Improved Ikprcssllril.atiuT1 :)ocJ{) reduction in manual depressurization 
reliability 

Suppressiol1 Pool Jockey 10% im provement in low pressure makeup 
I'll rn p rel iabil i ty. 

Safety Related (;ol1densate Arbitrary selection due to high suppression 
Storage Tank pool availability. 

Larger VolllITH.~ Elimination of drywell head failure 
Containment (Double Frcc scquences 
Volume) 

-
Incrc;lsed (;ont~linment Elimination of all cases cxcept normal 
Prcssure Capability containment leakage (NCL) 

(Sullicient pressure to 
withst~lf)d severe accidenL~) 

Improved Vacuum Breakcrs Elimination of Case 2 sequences 
(Redundant valves in each 

lind 

Improved Holtom Head 50% improvement in in-vessel arrest due to 
Penetration Design additional available time 

l.arger Volume Suppression Elimination of Case 9 sequences involving 
Pool (Douhle dkctive loss of supprcssio!) ponl cooling systems 
I if] u id vol u m c) 

• SAMI>As include hoth prcventive ;lnd mitigative design alternatives 
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Averted Risk 
Person-REM 

0.015 

0.01 

0.016 

0.069 

0'<>42 

0.002 

n.o 1 

() .15 

0.16 

O.O()OO4 

0.057 

0.0002 
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:~h. 

:k. 
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1ahle 5 
Benefit Estimates of SAMDAs· 

Ey.uuatcd for the ABWR Under NEPA 

Potential 
Improvement Benefit Basis 

Severe Accident lorYr) improvement in mitigative actions 
EP( ;s/ AM(;s 

Computer Aided 100Yr) improvement in preventative actions 
InSlrUm(~n t~\li(Jl1 

Improved Mail1lenance 10% improvement in reliability of ReIe, 
Pron~d llres/ M anllals HPCF, RHR and LPFL 

Passive High Prnsure 90% reliable diverse additional high 
S~tem pressure system 

Improved Ikprcssllril.atiuT1 :)ocJ{) reduction in manual depressurization 
reliability 

Suppressiol1 Pool Jockey 10% im provement in low pressure makeup 
I'll rn p rel iabil i ty. 

Safety Related (;ol1densate Arbitrary selection due to high suppression 
Storage Tank pool availability. 

Larger VolllITH.~ Elimination of drywell head failure 
Containment (Double Frcc scquences 
Volume) 

-
Incrc;lsed (;ont~linment Elimination of all cases cxcept normal 
Prcssure Capability containment leakage (NCL) 

(Sullicient pressure to 
withst~lf)d severc accidenL~) 

Improved Vacuum Breakcrs Elimination of Case 2 sequences 
(Redundant valvcs in each 

lind 

Improved Holtom Head 50% improvement in in-vessel arrest due to 
Penetration Design additional available time 

I ~\rger Volume Suppression E.limination of Case 9 sequences involving 
P()ol (Douhle dTcclive loss of suppression ponl cooling systems 
lifjuid vol u me) 

• SAMDAs include hoth prcventive and rnitig-ative design alternatives 
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Averted Risk 
Person-REM 

0.015 

0.01 

0.016 

0.069 

0'<>42 

0.002 

n.o 1 

() .15 

0.16 

O.O()OO4 

0.057 

(LOOO2 
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Table 5 (Continued) 

Potential Averted Risk 
Improvement Benefit Basis Person-REM 

f'la. l.ow Flow Filtl'red Vent Elimination of sequences involving 0.014 
initiation of containment rupture disc 

7a. Drywell Head Flooding Reduction in high temperature 0.06 
(Fi rcwater rrosstie to containment failure sequences and drywell 
drywdl head area) head f~lilure sequences 

Ha. Additional Service Water 10% improvement in reliability of ReIe, 0.()16 
Pump HI'CF, RHR and LPFL due to improved i 

support systems 

9a. Steam Drivell Turhine Improved dfect;ve availability of EDG 0.052 
( ;ellerator 

Qh. Alternatc.~ Pump Power Similar to additional high pressure 0.069 
Source for high pressure system. See 2a. 
systems 

lOa. Dedicated DC Power Simibr to d.dditional high pressure 0.069 
Supply system. See 2a. 

Ila. AT\NS Sized Vent Reduction in Case 9 sequences 0.03 

13a. Reactor Building Sprays 10% reduction in consequence of 0.017 
(Firewater crosstie for sequences inv<)lving containment leakage 
reactor building sprays) 

114". Flooded Rubhle IIcd Elimination of sequences involving core- ().O(ll 

concrete interaction. 

I 
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Table 5 (Continued) 

Potential Averted Risk 
Improvement Benefit Basis Person-REM 

:Sa. l.ow Flow Filtered Vent Elimination of sef]uences involving 0.014 
initiation of containment rupture disc 

7a. Df)well Head Flooding Reduction in high temperature 0.06 
(Fircwatn crosstie to con~linment failure sef]uences and df)well 
df)well heM! art"~i) head failun: sef]uences 

Ha. Additional Service Watn lorX) improvement in reliability of RCIC, 0.016 
Pump Hl'CF, RHR and LPFL due to improvcd 

I 

I support systems 

~Ia. Stearn Driven Turhine Improved effect;ve availability of EDG 0.052 
I ( ;enerator 

~lb. Alternate Pump Power Similar to additional high pressure (L069 
Source for high pressure system. See 2a. 
systems 

lOa. Dedicated DC Power Sirnibr to <ldditional high pressure 0.069 
Supply system. See 2a. 

lb. ATIVS Sized Vent Reduction in Case 9 sef]uences 0.03 I 
I :h. Reactor Building Sprays 10% reduction in consequence of 0.017 

(Firewater crosstie for sef]licnces inv'1lving containment leakage 
reactor buildinf.(" sprays) 

I 
14a. Flooded Ruhhle Bcd Elimination of sef]uenccs involving core- 0.001 

I 
:.:oncrcte interaction. 

I , 
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Table 6 
Comparison of Estimated Costs and Benefits on SAMDAs· 

Evaluated for the ABWR Under NEPA 

Estimated 
Minimum Cost Averted Risk 

Potential Improvement ($) Person-rem 

Severe Accident EPGs/AMGs $ 600,000 0.015 

Computer Aided Instrumentation $ 599,600 0.01 

Improved Maintenance $ 299,000 0.016 
Procedures/Manuals 

Passive High Pressure System $ 1,744,000 0.069 

Improved Depressurization S 598,600 0.042 

Suppression Pool Jockey Pump S 119,800 0.002 

Safety Related Condensate Storage S 1,000,000 0.01 
Tank 

Larger Volume Containmt:nt S H,OOO,OOO 0.15 
(Double Frt:e Volume) 

Increased Containment Pressure S 12,000,000 0.16 
Capability (SufTicient pressure to 
withstand severe acridenL<;) 

Irnprov(~d Vacuum Breakers S 100,000 0.00004 
(Redundant valves in each line) 

Improved Holtom Head $ 750,000 0.057 
Penetration Design 

Larger Volume Suppression Pool $ 8,000,000 0.0002 
(Douhle dfective liCjuid volume) 

:la. Low Flow Fillcrc:'d Vent $ 3,000,000 0.014 
f--' 
7a. Drywcll Head Flooding (Firewater S 100,000 0.06 

nosstic to drywcll head ~rea) 

• SAMDA'\ include both preventive and mitigative design alternatives 

25A5680 

Cost-Benefit 
Ratio 

($K per Person-
rem) 

$ 40,000 

$ 59,600 

$ 18,700 

S 25,270 

$ 14,250 

$ 59,900 

S 100,000 

S 53,300 

S 75,000 

$ 2,500,000 

$ 13,160 

S 40,000,000 

S 214,300 

S 1,700 

· . 
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2a. 

2h. 

2c. 

'2d. 

.:h. 

:)b. 

.'k. 

1d. 

4a. 

Table 6 
Comparison of Estimated Costs and Benefits on SAMDAs· 

Evaluated for the ABWR Under NEPA 

Estimated 
Minimum Cost Averted Risk 

Potential Improvement ($) Person-rem 

Severe Accident [PGs/AMes S 600,000 0.015 

Computer Aided Instrumentation $ 599,600 0.01 

Improved Maintenance $ 299,000 0.016 
ProCt~d u res/ Man uals 

Pa~sive High Pressure System S 1,744,000 0.069 

Improved Depressurization S 598,600 0.042 

Suppression Pool Jockey Pump $ 119,800 0.002 

Safety Related Condensate Storage S 1.000,000 OJ)} 
Tank 

Largn Volume Containment S H,OOO,OOO 0.15 
(Double Frn: Volume) 

Incre;L'ied C()n~linlTlent Pressure S 12,000,000 0.16 
Capability (Sullicient pressure to 

withstand severe accidenL<;) 

Improved Vacuum Breakers S 100,000 0.00004 
(Redundant \r,tlves in each line) 

Improved Bottom Head $ 750,000 0.057 
Penetration Design 

Larger Volume Suppression Pool S 8,000,000 0.0002 
(Douhle effective lifluid volume) 

'Jot. Low Flow Filtered Vent $ 3,000,000 0.014 

7a. Drywell Head Flooding (Firewater $ 100,000 0.06 
crosstie to drywell head area) 

* SAMDA. .. include both preventive and mitigative design alternatives 
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Cost-Benefit 
Ratio 

($K per Person-
rem) 

$ 40,000 

$ 59,600 

$ 18,700 

S 25,270 

$ 14,250 

$ 59,900 

S 100,000 

$ 53,300 

$ 75,000 

$ 2,500,000 

$ 13,1 GO 

S 40,000,000 

$ 214,100 

S 1,700 
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Table 6 (Continued) 

~ost-Benefit 

Estimated Ratio 
Minimum Cost Averted Risk ($K per Person-

I 

Potential Improvement ($) Person-rem rem) 

Ha. Additional Service Water Pump S 5,999,000 0.016 S 375,000 

9a. Steam Driven Turhine Generator $ 5,994,300 0.052 S 115,300 

9b. Alternate Pump Power Source $ 1,194,000 0.069 $ 17,300 

lOa. Dedicated DC Power Supply $ 3,000,000 0.069 S 43,500 

lla. ATIVS Sized Vent S 300,000 0.03 $ 10,000 
-
1 :1<1. Reactor Building Sprays S 100,000 0.017 $ 5,900 

(FirewtltlT crosstie for reactor 
building sprays) 

14a. Flooded Rubbk Bcd :$ 18,750,000 0.001 $ 18,750,000 
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Table 6 (Continued) 

~ost-Benefit 

Estimated Ratio 
Minimum Cost Averted Risk ($K per Person-

I 

Potential Improvement ($) Person-rem rem) 

Ha. Additional Service Water Pump S 5,999,000 0.016 S 375,000 

9a. Steam Driven Turhine Generator $ 5,994,300 0.052 S 115,300 

9b. Alternate Pump Power Source $ 1,194,000 0.069 $ 17,300 

lOa. Dedicated DC Power Supply $ 3,000,000 0.069 S 43,500 

lla. ATIVS Sized Vent S 300,000 0.03 $ 10,000 
-
1 :1<1. Reactor Building Sprays S 100,000 0.017 $ 5,900 

(FirewtltlT crosstie for reactor 
building sprays) 

14a. Flooded Rubbk Bcd :$ 18,750,000 0.001 $ 18,750,000 

:W Rev I 



f 

·11. 
>', 

'.;" 

, , 

25A5680 

ATTACHMENT A* 
Evaluation of Potential Modifications to the ABWR Design 

A 1 INTRODUCTION AND SUMMARY 

This attachment provides a description of an eVdluation of potential changes to the ABWR design 
in order to determine whether further modifications can be justified. 

A 1.1 Background 

ThcU.S .. ~udcarRcgulaLOry Commission's policy related to severe accidents requires, in part, 
that an application for a design approval comply with the requirements of lOCFR.1)0.34(f). Item 
(f) (I) (i) requires performance of a plant site-specific [PRA] the aim of which is to seek 
improvements in the reliability of core and containment heat removal systems as are significant 
alld practical and do not impact excessively on the plant. Chapter 19 of the ABWR SSAR provides 
the base PRA of the ABWR plant. 

To address this requirement. a review of potential modifications to the ABWR design, beyond 
thQseinduded .ill.,thc Probabilistic Risk,Assessment (PRA), v@s conducted to eVclhJate whJ.!the,r. 
potential severe an.:idcnt design features could be justified on the basis of cost per person-rem 
averted. 

This'.iju;\chmentsummarizes the results of GE's review and evaluation of the ABWR design. 
I rnpf:o,vetnehtshave he en reviewed againstc~nserV.itlve esti'mates of risk reduction based on the 
PRA andrninimumorder of magnitude costs, to determine what modifications are potentially 
allractivc. 

A 1.2 . Evaluation Criteria 
" 

The .hc~ditof a particular modification WclS defined to be its reduction in the risk to the general 
puhl,ie'" 

On:~.jtetaqors evaluated were limited to health efTects to the general public based on total 
CXPOSllne (irl person~rem) to the population within 50 miles of the site. Five representative US 
regions wcr:e evaluated for selected individual ABWR sequences by the CRAC2 code. The 
regionalrcsullS were then averaged to determine tht" exposures. Consistent with the standard 
lIsed by the NRC to evaluate radiological impacts, health effect cost" were evaluated based on a 
value pf.SI.OOOpcr-ofTsite person-rem averted due to the design modification. 

'nl,j,.<.r. ,,11>\. \: " ; >". .". 

• Attachment A is updated version of AUWR SSAR Appendix 19P of the same title. 
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ATTACHMENT A· 
Evaluation of Potential Modifications to the ABWR Design 

A 1 INTRODUCTION AND SUMMARY 

This attachment provides a description of an evaluation of potential changes to the ABWR design 
in order to determine whether further modifications can be justified. 

A 1.1 Background 

The U.S.1\!uclear Regulatory Commission's policy related to severe accidents requires, in part, 
that an application for a design approval comply with the requirements of lOCFRE>0.34(f). Item 
(I) (1) (i) refJuires performance of a plant site-specific [PRA] the aim of which is to seek 
improvements in the reliability of core and containment heat removal systems as are significant 
alld practical and do not impact excessively on the plant. Chapter 19 of the ABWR SSAR provides 
the hase PRA of the ABWR plant. 

To address this refJuirement, a review of potential modifications to the ABWR design, beyond 
lhoseincluded.in the Probabilistic Risk.Assessment (PRA) , was conducted to ew-aluate whether 
potential severe accident design features could be justified on the basis of cost per person-rem 
averted. 

This auaChnH.~nlSUmmarizes the results of GE's review and evaluation of the ABWR design. 
Irnprovcnlcllts have lx:en reviewed against conservative estimates of risk reduction based on the 
PRA and minimum order of magnitude costs. to determine what modifications are potentially 
allraclive. 

A 1.2 Evaluation Criteria 

The benefit of a parlicular modification was defined to be its reduction in the risk to the general 
puhlic. 

Olrsitef~lClors evaluated were limited to health cfTects to the general public based on total 
exposllrc (in person-rem) to the population within 50 miles of the site. Five representative US 
regions werc eVdluated for selected individual ABWR sefJuences by the CRAC2 code. The 
regiol1,tl results were then averaged to determine tht' exposures. Consistent with the standard 
used by the NRC to cvaluate radiological impacL'i, health efTecl cost'i were evaluated based on a 
value of $1 ,000 pt:r-oITsitc person-rem averted due to the design modification. 

-~<,.h·'r; ,;:- . '- > 

* Att.achment A is updated version of ABWR SSAR Appcndix 19P of the same title. 
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111e offsilc coSl'i fur other items such ,L'i relocation of IOldl residents, elimination of land use and 
decontaminatjon of contaminatcd land were nut considered. Reductions in the risk of incurring 
onsite COSL'i including economic losscs, replacement power costs and direct accident cosl~ are 
consickreci in this cvaluation ali crediL<; against in the cost of the modification. 

B,m:d on the PRA resulL'i (Section A.2), 82% of the ofTsite risk resulL'i from very low probability 
events which have high consequcnce. The maximum justifiable cost of a modification wa..; 
del.c.:rmined to be $269. Therefore, ha'icd on this methodology, no modifications are justifiable. 
However, a V'drlCty of modifications were reviewed to establish the relative attractiveness of 
potclltial changes. 

A.l.3 Methodology 

The overall approach was to estimate the benefit of modifications in terms of dollar cost per total 
person-rem averted. Underestimated COSLIi and overestimated benefits were assessed in order to 
favor modifications. Because of the lIncerl<linties in the methodoloh'Y and the desire to address 
scvereacciclenL'i with sensible modifications, this basis isjudged to be accepwble for purposes of 
this study. 

A.l'.3.lSdectionofModificatiotls 

p( )lcntial rrociifications were identified from a variety of previous industry and NRC sponsored 
studicsofpn;wlltaLive and mitigative features which address severe accidenL'l. Based on this 
cotnp<)sit:J"Jislof modifications considered on previous designs, potential modifications were 
sckctedl~Jr{lIrthcr review based on being 

( I) applicable to the ABWR design, and 

(~) not incluckd in the referen(c PRA. 

Additional dewil on the selection of modifications i~ provided in Section A.3. 

A.l.3.2 Costs Basis 

RO\lgh ordn of magnitude costs were assibTned for each modification based on the costs of 
systcllls and system improvernenL'i determined by CEo These COSL'i represent the estimated 
ilHrt:mclltal COSL'i that would be incurred in a new plant rather than cosL'i thaI would app!y on a 
hackfit hasis. Section A5 dclines the cost estimates for each of the modifications. 

Even for a new plant such 'L'i the AB\\,R. relatively large COSL'i (sevcl .• 1 million dollars) can he 
expected lor some lllodifications if they invol\,.,. modifications of the building structures or 
;lrrallgemc·ut. This is hecause the cost of labor and material is often a function of the building 
;UT;\ fCfJuircd. For other Illodifications which involve minor hardware addition. the cost is often 
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11le offsilc COSL'I for other items such ,L'i relocation of IOt.!1 residents, elimination of land use and 
deconl4lmination of conl4lminated land were not considered. Reductions in the risk of incurring 
ol1site COSL'i including economic losses, replacement power costs and direct accident COSL'I are 
considaed in this evaluation as crediL<; against in the cost of the modification. 

Bast~d on the I'RA resulL'\ (Section A.2), 82% of the ofTsite risk resulL'i from very low probability 
events which have high conseC]uence. The maxim urn justifiable cost of a modification wa.~ 
detamined lO be $269. Therefore, based on this methodology, no modifications are justifiable. 
However, a V<1ricty of modifications were reviewed to eSl4lblish the relative attractiveness of 
potelltial changes. 

"i A.l.3 Methodology 

The over,lll approach was to estimate the benefit of modifications in terms of dollar cost per tOl4l1 
pason-rern avt~rtcd. Underestimated COSl'i and overestimated benefits were assessed in order to 
i"avor modifications. [kcausc of tbe 1Il1cerl4linties in the methodoloh'Y and the desire to address 
severe .accidenl'i with sensi ble modifications, this basis is judged to he accepl4lble for purposes of 
this study. 

A.I !.3.{SelectionofModifications !! 

Potentialmodiiications were identified from a variety of previous industry and NRC sponsored 
stlldieso/,prevelltative and mitigative features which address severe accidenL'i. Based on this 
compdsir:cJistof modifications considered on previous designs, potential modifications were 
selc:cl(:dfor!further review hased on being 

l ( I) applicable to the ABWR design, and 

f 
(~) not included in the referend' PRA. 

Additional del4lil on the selection of modifications i~ provided in Section A.3. 

A. Ut 2 Costs Basis 

Rough orcIn of magnitude costs were assihTT1ed for each modification hased on the costs of 
systcllls and syst("1ll improvernenL'I determined by (;E. These costs represent the estimated 
incremental COSl'i that would he incurred in a new plant rather than cosl~ that would app!y OJ) a 
hackfit hasis. Section A5 defines the cost estimates for each of the modifications. 

Even for a llew plant sllch as the ABWR, relatively large COSl'i (sevc!..l million dollars) can he 
expectcd lor some modifications if they invol\·,· modifications of the building structures or 
;lrrallgernenl. This is because the cost of labor and material is often a function of the building 
.UTa rC<luircd. For other modificatiolls which involve minor hardware addition, the cost is often 

Rev I 



· . 
~5A5f>H() 

dominated by the need for procedure and training additions which can amount to hundreds of 
thousands of dollars. 

Tht~ COSl', estimates were irllentionally biased on the low side, but all known or reasonahly 
expectt'd (osL'\ were accounted for in order that a reasonable assessment of the minim urn cost 
would he obtained. Actual plant coSL'i arc expected to be higher than indicated in this evaluation. 
All coSLo; ;lre referellced to 1991 U.S. dollars. For modifications which reduce the core damage 
Ir(''1lleIH,),. the cosL'i of lTlodifications (Section A.5) were further reduced hy an amount 
proportional to the reduction present worth of the risk of averted onsile costs. Onsite costs 
include rt~placement power COSL'i. direct accident costs (including onsite cleanup) and the 
economic loss of the facility. EVdluation of this credit included the following considerations: 

(I) AcciCknL'i were assumed to occur at any time during the 60 year life of the plant. All onsite 
cosLo;associated with the accident were evaluated as to their v<llue at the time of the accident. 
The economic risk of sllch onsite costs W;L'i eV<lluated ;L'i a function of time based on the 
onsile costs and the core damage freqllt~ncy determined by the PRA. The plant core 
dam~ge fre'1uent.,), was considered to be const~mt over the life of the planl. The economic 
risks were then evaluated hased on the present worth of the time dependent economic risks. 

'''''f 

(~) R('placernt~nlpower was b;L'it',d on a r;lt(~ of $.0 13/kW-h differential a') bar cost. The 
differ(~nlialrate W;L'i assumed' to he constant over the remaining life of the plant. 

C~) Thceconomic y,t1ue of the facility at the time of the accident was b;L"ied on a straight line 
depreciated y,t1ue. The initial invested (ost was t~lken at $1.4 Billion b;L'i('d on nOE cost 
guidelincs. 

(<4) Accident (oSl"i for onsite t kanup and facility Wt'f(~ ..:y,tluated based on escalated (oSL"i to the 
lillie of the accidcnt. RckrenCt: accidcnt C()SL"i to the facility were iL'iSllIned to lx~ S~ Billion. 

U')) Th l'('HlOrnic evaluations were b;L'ied on a discount rale of WYC) and escalation factor of 3%. 

A.l.3.3 Benefit Basis 

The fumulative risk uf accidenL'i occurring during the life of the plant W;L'i us('d ;L'i a basis for 
estimating the maximum benefit that (ould he derived from modifications. A particular 
Illodification's benefit W;L'! ba'ied on iL"i dfcCl on the fre'1uency of events or a'isociated oll'site dose 
slIl1lmaril.cd in Tahlt's A-I and Table A-2. Dominant contrihuting failure probabilities wne 
identified h;L'it:d on the PRA. Changes in these probahilities were estimated to eV<lluate the 
lwnclit of modifications. This b;L'iis is consistent .... ;th the approach taken in previous NRC 
evaluations. Tht' cumulative ofTsite risk was ('y,t1l1ated ova a 60 year plant life with no escalation 
i 11 tht' cvaillil tion cri Icria of $I,()()O / person-rem . 

. \Inion AA sUl1lrnaril.(·s ('aeh cOlln'pl ;lIld eSlimated h(.'ndit for t'aeh individual potential 
l1lodificati()ll. For l'~lCh l1l()diliLlli()1l Ihe lO'il ptT person-relll ~lVt'rled W~lS nr.t1uated to obtain Ihe 
r('sults of the individual evaluations. These lIllHlu'ii()llS ;Ire provided in Section :\.7. 
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dominated by the need for procedure and training additions which can amount to hundreds of 
thousands of dollars. 

Tht~ cosLIi estimates wc.~re intentionally biased on the low side, but all known or reasonably 
cxpe(lt'd COSLIi were accounted for in order that a reasonable assessment of the minimum cost 
would he obt'lined. AClual plant cosLo; arc expected to be higher than indicated in this evaluation. 
All coSLIi are refcrellcc.~d to 1991 U.S. dollars. For modifications which reduce the core damage 
rrcfJ\lc.~n("y, the (osL'i of modifications (Section A.5) were further reduced by an amount 
prnportionalto the reduction present worth of the risk of averted unsitc costs. Onsite costs 
include rt~placement power COSLIi. direct accident costs (including onsitc cleanup) and th<.: 
economic loss of the facility. EVdluati()n of this credit included the following considerations: 

(I) ACrlcknL'i were ,L'istJmed to occur at any time during the 60 year life of the plant. All onsite 
costs a'isociated with the accident were eVdluated as to their v.llue at the time of the accident. 
The t'conomic risk of such onsite costs was eVdluated ali a function of time based on the 
onsile costs and the core damage frequency determined by the PRA. The plant core 
damage frefJuency was cOllsidered to be const.mt over the life of the plant. The economic 
risks were then evaluated basni on the present worth of the time dependent economic risks. 

(~)Repla(t'mc.:nt:powcr W"L'i h"L'ied on a rate of $.OI3/kW-h differential ali bar cost. The 
differential rate wa'i ao;sumed to be constant over the remaining life of the plant. 

C~) The.economic value of lhe latility at the lime of the accident was b,L'ied on a straight line 
depreciated v,tllIe. The initial invested cost was taken at $1.4 Billioll b;L'icd on DOE cost 
guidelines. 

(4) Accidellt (osLO; I()r ollsite t It-anup and facility wt'fe ..:valuated based on escalated (oSLO; to the 
lillie of the accident. Referenet: accident C()sts to the facility were ,L'isumed to be $~ Billion. 

(,S) Th cC')tlomir evaluations were b;L,ed on a discollnt rate ofWX> and escalation factor of3%. 

A.1.3.3 Benefit Basis 

The rtllnulative risk IIf acridenL'i occurring during the life of the plant was US{·c\ <L'i a basis for 
estimatillg the maximum b<.>nditth.ll could he derived from modifications. A particular 
modification's benefit W<L'i b,L'icd on iLo; dfect on the fref)uency of l'venLo; or associated olTsite dose 
slIlllmari/.l'd in Tahks A-I and Table A-2. Dominant contrihuting failure probabilities wne 
icientilic.:d b,Llied on the PRA. Changes in these probabilities wert' estimated to eV.lluate the 
twndit of lTIodifications. This h,Lliis is consistent .... ;th the approach taken in previous NRC 
(v.duations. The cllmulative offsite risk wa.'i ev,lluatl'd OvCf a 60 year plal1tlife with no escalation 
in tht' evaluation criteria ()f S I,OOO/person-rem . 

. \trti()n :\.4 summariJTs ('arh conccpt ,mel l"StiJllated bcnefit for e;\ch individual potential 
llIoC\ilil·atitHl. For earh IIlwiiliLllioll the co~t per pcrson-rclll ;\vcrtcd was ev.duatcd to obtain the 
(('suIts of the individual t.'\".lIu<ltiolls. These lU(HillSiullS ;Ire provided in SeClion A.7. 
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A.I." Summary of Results 

Potentially attractive modifications were selected based on previous evaluations of potential 
prevention and mitig-atioll concept' applicable during severe accidents. Of the modifications 
applicable to the ABWR design and whi. h were not already implemented, twenty one were 
selected for additional review. 

None of the mudifications considered met the $1 ,OOO/person-rem averted criteria. The low 
evaluated frequency of core damage and subsequent release of radioactive material does not 
support modification to the AB\VR based on costs in relationship to the benefit of averted 
l~xpo~ure.s._." 

Since the nl()st beneficial modification was evaluated to be several orders of magnitude higher 
than the criteria, it was concluded that no additional modifications are warranted in the ABWR 
design to address severe accidents. Furthermore. due to its magnitude it can be calculated that 
this conclusion ~ill no~ be sensitive to variations in the assumptions used in the PRA results. 

A.% SEVERE ACCIDENT RISK OF ABWR 

.•...• ". •• " . . I. . 

The refaence design for this study was the ABWR PRA as presented in the internal event" PRA 
(Section 19.3 of the ABWR SSAR). This evaluation accounts for features which were included in 
the currentABWR design-specifically to address severe accidents. These features and the 
reference description include: : ':'~~~~>~." " '. . 

DesigllF eature 

(1) Firewater pump cross tie 
(2) Passive containment flooder 
(3) Gas turbine generator 
(4) Ov~rpressure Protection 

SSAR References 

5.4.7.1.1.10 
9.5.12 
9.5.11 
6.2.5.2.G 

A summary of the core damage frequency and ofTsite exposure frequency with these features 
includ~d ~s~hown in Table A-I. Event frequencies used in this evaluation were the same as 
assumed in ~he base PRA. The ofTsite exposures shown in Table A-I were calculated by the 
CRAC2 .codefor release cases with similar consequences. The ca.~es can be characterized as 
follows: 

Case J Core Melt arrested in vessel or in Con12;nment with actuation of containment 
, ,~ rupture disk. 

<:ase2 Low Pressure Core Melt with suppression pool bypass and aLluation of containment 
rupture disk. 
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A.l.4 Summary of Result.t 

Potentially attractive modifications were selected based on previous evalu(ltions of potential 
prevention and mitigation cOnCepL., applicable during severe accidents. Of the modifications 
applicable to the ABWR design and whj, h were not already implemented, twenty one were 
selected for additional review. 

None of the mudifications considered met the $1 ,OOO/person-rem averted criteria. The low 
evaluated frequency of core damage and subsequent release of radioactive material does not 
support modification to the AB\\'R based on costs in relationship to the benefit of averted 
exposures. 

Since the nl()st beneficial modification was evaluated to be several orders of magnitude higher 
than the criteria, it was concluded that no additional modifications are warranted in the ABYVR 
design to address severe accidents. Furthermore, due to its magnitude it can be calculated that 
this conclusion will no~ be sensitive to variations in the assumptions used in the PRA results. 

A.2 SEVERE ACCIDENT RISK OF ABWR 

The reference desibTtl for this study was the ABYVR PRA as presented in the internal evenL<; PRA 
(Section 19.3 of the ABWR SSAR). This evaluation accounts for features which were included in 
the current ABWR design-specifically to address severe accidents. These features and the 
refcrence description include: 

Design·.Feature 

(I) Firewater pump crosstie 
(2) Passive containment flooder 
(3) Gas turbine generator 
(4) C>verpressure Protection 

SSAR References 

5.4.7.1.1.10 
9.5.12 
9.5.11 
6.2.5.2.C 

A summary of the core damage frequency and ofTsite exposure frequency with these features 
included is shown in Table A·I. Event frequencies used in this evaluation were the same as 
assumed in the base PRA. The ofTsite exposures shown in Table A-I were calculated by the 
CRAC2 code for release cases with similar consequences. TI1C ca.<;es can be characterized as 
follows: 

Case J Core Melt arrested in vessel or in Conl.<~;nment with actuation of containment 
rupture disk. 

(:ase 2 Low Pressure Core Melt with suppression pool bypass and aLtuation of containment 
rupture disk. 
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CaseS 

Case 4 

Case 5 

Case 6 

Case 7 

Case 8 

Ca.s~· 9 

NCL 

2[)A5680 

High Pressure Core Melt with drywelJ Head failure and fire water spray initiation. 

Suppression Pool Decontamination reduction (Not used). 

Large Break LOCA without recovery and with actuation of containment rupture 
disk. 

High Pressure Con.: Melt with Drywell Head failure and no firewater spray 
initiation. 

Low Pressure Core Melt with Dr, ~ell Head failure and no mitigation 

High Pressure Core Melt with Early Contaillll,ent failure. 

ATIVS event with Drywell Head failure·. 

Normal Containment Leakage to Reactor Building. 

ThejpfTsit~ t~xp()sures for each case sh~!wn in Table A-I w~r<:.calculated by the CRAC2 code for 
five representative US regions for the selected individual ABWR sequences as discussed in Section 
19E.3 of the ABWR SSAR. 

. TabJeA-2providcs additional detail on the individual contributors to the total core damage 
frequency •. Alii indicated on Tab:' A-2, the core damage frequency is dominated by low pressure 
transientevents (LCLP) (6L4%), followed by high pressure transient events (LCHP) (28.1 %) 
and station blackout sequences (SBRe) (10.3%). 

Review of Table A-I also indicates that the dominant contributors to the ABWR ofTsite exposure 
risk are the relatively low probability (less than 4£-1O/yr). high consequence events (Cases 6 
through 9) which contribute about 82% of the ofTsite exposure risk. 

'p{)TENTIALABWR MODIFICATIONS 

Potential modifications to the ABWR design were derived from a survey of vclriOUS studies 
indicated in.References A-I through A-7 and the ABWR desib'11 process discussed in Section 19.7 
of the ABWR SSAR. From these, a composite list of modifications was established. This list of 
potential modifications was reviewed to identify concepts which were already included in the 
AB~d~sign or which are not applicable. 

,'~', '_\'''1.,;, '"i', :', ,. 

TanleA"3 summarizes the complete list of modi tic at ions and tht:ir classification :'.ccording to the 
following categories: 
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Case 3 

Case 4 

Case 5 

Case 6 

Case 7 

Case 8 

NeL 

25A5680 

High Pressure Core Melt with drywell Head failure and fire water spray initiation. 

Suppression Pool Decontamination reduction (Not used). 

Large Break LOeA without recovery and with actuation of containment rupture 
disk. 

High Pressure Con.: Melt with Drywell Head failure and no firewater spray 
initiation. 

Low Pressure Core Melt with Dr) ~ell Head failure and no mitigation 

High Pressure Core Melt with Early ContailJilent failure. 

ATWS event with Drywell Head failure. 

Normal Containment Leakage to Reactor Building. 

ThSpfTsil~ (~xposures for each case shown in Table A-I w~recalculated by the CRAC2 code for 
five representative US regions for the selected individual ABWR sequences as discussed in Section 
I9E.3 of the ABWR SSAR. 

TableJ\-2,prpvides 'ldditional detail on ,the individual contributors to the total core damage 
frequency. As indicated on Tab!- A-2. the core damage frequency is dominated by low pressure 
Iransit~nt,~vents (LCLP) (61.4%). followed by high pressure transient events (LCHP) (28.1 %) 
and station blackout sequences (SERC) (10.3%). 

Rcview of Table A-I also indicates that the dominant contributors to the ABWR ofTsite exposure 
risk are the relatively low probability (less than 'iE-lO/yr), high consequence events (Cases 6 
through9) which contribute about 82% of the ofTsite exposure risk. 

A.3PQn:NTIALABWR MOnmCATIONS 

Potential, modifications.to the ABWR design were derived from a survey of various studies 
indicaled in References A-I through A-7 and the ABWR design proccss discussed in Section 19.7 
of the ABWR SSAR. From these. a composite list of modifications was established. This list of 
potential modifications was reviewed to identify concepts which were already included in the 
AEWRdesign or which are not applicable. 

<' - .:~' ')""-hC,!·.;,M·,·: ., .. :~:y: i' 

TahleA-3 summarizes the complete list of modifications and tht:lr classification ::ccording to the 
following categories: 
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(1) Modification is applicable to ABWR and already incorporated in the ABWR design. No 
furthc.~r evaluation is needed. 

(~) Modification is applicable to ABWR and not incorporated in ABWR design. (Table A-4 lists 
the Catc.~g()1)' 2 modifications which are evaluated further in this attachment.) 

(3) Modification is not applicable to the ABWR design due to the basis provided. 

(4) Modification is applicable to AB\VR and is incorporated with the referenced modification. 

A.4 RISK REDUCTION OF POTENTIAL MODIFICATIONS 

Tllis_s~~.~ll~)I!provid~s evaluations of the benefits of potential modifications to the AB\NR design 
idc/llilicci"in Table A-4. For each modification the basis for the evalu'~don and the concept is 
dcscribed. Table A-5 summarizes the benefit in terms o( person-rem averted risk for each of the 
cvaluatc.:d modifications. 

A.4.1 Accident Management 

Accidcntmanagc.:rnent is a curre/'lt lopic under generic development within thc Industry through 
the de:velopment of Accident Management Guidelines (AMGs) and revisions to Emerg~ncy 
Procedure (;uidclines (EPGs). The following modifications are bascd on implementation of such 
gc nc;ric ,activi ty. 

The,~y:Jnpl()mbased EPGs, wcre developed by the BWR Owners Group following the accident at 
Thn~eMil(' Island, Unit2. Currently the [PGs are under revision and accident management 
gui(klines (AM(;s) arc heing devc.·loped for severe accidents. These shoulci provide a significant 
improvement which rcduces the likelihood of a severe accident. Elc:mcnL<; of these guidelines 
(s\lch.~s containmc.~nt pressure and temperature contral guidelines) also deal with mitibrating the 
dTectSof accidcnL'i. 

Int.~~,AI~WR PRA, Emergency Operating Procedures (EOPs) are based on these guidelines. 
Additi~mal extensions of the EPGs and EOPs could he made to address arrest of a core melt, 
emergency planning. raciiolohrlca1 release assessment and other areas related to severc accidcnL'i. 

:Hl' Rev 1 
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(1) Modification is applicable to ABWR and alrcady incorporated in the ABWR design. No 
furthc.~r evaluation is needed. 

(2) Modification is applicable to ABWR and not incorporated in ABWR design. (Table A-4 lists 
the Catc.~gory 2 modifications which are cvaluated further in this attachment.) 

(3) Modification is not applicable to the ABWR design due to the basis provided. 

(4) Modification is applicable to AB\\'R and is incorporated with the referenced modification. 

A.4 RISK REDUCTION OF POTENTIAL MODIFICATIONS 

Tllis_s~:Eti~)(!_provid~s evaluations of the benefits of potential modifications to the ABWR design 
identified"in Table A-4, For each modification the basis for the evalu'~don and the concept is 
descrihed. Table A-5 summarizes the benefit in terms o( person-rem averted risk for each of the 
evaluated modifications. 

A.4.1 Accident Management 

Accident managemc.:nt is a currer'll lopic under generic development within the Industry through 
the devc.:lopmcnt of An:idcnt Management Guidelines (AMGs) and revisions to Emergency 
Procedure (~uiddines (F.PGs). The following modifications are based on irnplcmentatinnof such 
genericactjvity. 

The,S}'Jll~lOmhased EPGs, were developed by the BWR Owners Group following the accident at 
Thn~eMilc.~ Island, Unit 2. Currently the EPGs are under revision and accident management 
guiddines (AMes) are heing developed for severe accidents. These should provide a significant 
improvement which redllce~ the likdihood of a severe accident. ElemenL'I of these guidelines 
(such as containmc.'nt pressure and temperature control guidelines) also deal with mitigating the 
ctTectS ofaccidcnL'I. 

In t~~.AllWR PRA, Emergency Operating Procedures (EOPs) are based on these guidelines. 
Additi~)()al extensions of the EPGs and EOPs could he made to address arrest of a core melt, 
t'lTlergc;~ncy planning, ril(iio\ogical release assessment and other areas related to severe accidcnLc;. 
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Since the existing EPGs cover prewntive actions and SOllie mitigative actions, the incremental 
benefit of this item would be primarily mitigative. It was judged thatlhe reliability of manual 
anions a..'ISociatccl with mitigation could be improved by 10%, especially in use of core melt arrest 
processes. Failure rates for manually initiated mitigative ~ystems were decreased by 10%, to 
eSlimate the henefit. The resulting otfsitc risk reduction is about 0.015 person-rem over 60 years. 

AA.1.2 Computer Aided Instrumentation 

Computer aided artificial intelligence can be added which provicit:s attention to risk issues in 
man-machine interfaces. Sihrnilicant computer assisted display and plant status monitoring is 
already part of the ABWR control room design. Additional artificial intelligence could be 
designed which would display procedural options for the operator to evaluate during severe 
accident'l. TIle system would be an extension of ERIS to provide human engineered displays of 
the imp()r~lIlt variables in the EPes and AMes. 

(>perator anions are made sibTtlificanlly more reliable by new features such as Emcrgen<..), 
Procedure Cuiclelines. Safety Plant Parameter Displays (SPDS). and training on simulators. If the 
improvement'! descrihed in Suhsection A.4.1.1 arc assumed to be implemented, the incremental 
ben£nlofadditional improvement" is expected to be low. The reliahility of manually initiated 
preve'nlive systems was increased hy 10% to estimate the benefit. TIle estimated incremental 
bcnCf'ilover severe accident EPGs (Suhsection AA.l.l) is about 3% in (Ore damage frequency 
(CPf).Jkcause the improvement affects all releasecases,the incremental benefit is about 
o .{ll,iPf;E~~m-re m. • . 

A.4 ... J,.43.lmproved Maintenance Procedures/Manuals 
,:' ,';' ~ '1 ~ 

For the (;1-: scope of supply this ite~n would provide additional information on the comp()n~nt'i 
irnp~)rtant to the risk oflhe plant. A'I a result of improved maintenance manuals and information 
il W9l~ld he expected that increased reliahility of the important equipment would occur. This 
ileffi".w()uld he a preventative improvement which would address several system or component'! to 
different debrrecs. 

Ba'ltcldn .a 10% improvement in the reliability of the High Pressure Core Flooder (HPCF), 
Rc.actor Core Isolation C..oo!ing (RCIC). Residual Heat Removal (RHR) and Low Pressure Core 
F1oo'ctcr (LPFL) systems, the CDF is reduced by about 9% which has a corresponding estimated 
person.rem reduction of about 0.016. 

SigniIi(ant improvements in the reliability of ABWR high pressure systems have been made. 
Among these are RCIC restart (NUREC; 0737, II.K.3.13) and isolation reliability improvt'ments 
(NUREG 0737. 11.K.:~.15). Additionally, the redundant HPCF is an improvement over early 
product lines whirh used the single HPCF system. 
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Since the existing EPGs cover preVt'ntive actions and sOllie mitigative actions, the incremental 
henefit of this item would he primarily mitigative. It was judged thatlhe reliability of manual 
anions a.~sociated with mitigation could be improved by 10%, especially in use of core melt arrest 
processes. Failure rates for manually initiated mitigative ~J'Stems were decreased by 10%, to 
estimate the henefit. The resulting olfsite risk reduction is about 0.015 person-rem over 60 years. 

A.4.1.2 Computer Aided Instrumentation 

Computer aided artificial intelligence can be added which provicit.:s attention to risk issues in 
man-machine interfaces. Sih'11ilicant computer assisted display and plant status monitoring is 
already part of the ABWR control room design. Additional artificial intelligence could be 
designed which would display procedural options for the operator to evaluate during severe 
accidenL'i. The system would be an extension of ERIS to provide human engineered displays of 
the impor~lIlt variables in the EPes and AM(;s. 

(>perator aClions arc made sibTnificantly more reliable by new features such as Emergency 
I'rocedure Cuic1c1ines, Safety I'lant Parameter Displays (SPDS), and training on simulators. If the 
imprOVC;"lCnL'I dcscribed in Subscction A.4.1.1 arc assumed to be implemented. the incremental 
hen~.~l ofaddilional improvemenL'l is expectcd lo be low. The reliability of manually initialed 
prevc'ntive systems was increased by 10% to estimate the bencfit. TIle estimated incremental 
benc::f~l over severe accident EPGs (Subsection AA.l.1) is about 3% in (Ore damage freCJuency 
(CIW).lkcause the improvement afTects all release cases, ,the incremental benefit is about 
o ;,O,l,[p~;[i~~lln-re m . . 

", ---!''i'~ ,'",", -, 

AA.~J~-,lmproved Maintenance Procedures/Manuals 

For the (;1-: scope of supply this ite'm would provide additional information on the component'i 
irnp()rt4l'nt to the risk of the plant. As a result of improved maintenance manuals and information 
it wql~ld ht~ expected that increased reliability of the important cCJuipment would occur. This 
itenvvould be a preventative improvement whirh would address several system or componenL'! to 
different degrees. 

Bas(!.<f()na 10% improvement in t.he reliability of the High Pressure Core Flooder (HPCF), 
Rea~lorC()re Isolation C .. oo!ing (RCIC), Residual Heat Removal (RHR) and Low Pressure Core 
FloQder (LPFl.) systems, the CDF is reduced by about 9% which has a corresponding estimated 
person.rem reduction of about 0.016. 

SigniIi(ant improvements in the reliability of ABWR high pressure systems have been made. 
Among these are RCIC restart (NUREC; 0737, II.K.3.13) and isolation reliability improvt'ments 
(NUREG 0737, 11.K.:~.15). Additionally, the redundant HPCF is an improvement over early 
producllines whirh used the single HPCF system. 

:n Rcv I 



, . 

" ' - I 

~5A56~O 

A.4.2.1 Passive High Pressure System 

This conn'pt would provide additional high pressure capahility to remove decay heat through a 
divcnle isolillion condenser type system. Such a system would have the advantage of removing not 
only dc:cay heat, hut (ontainrnent heat if a similar system to that under consideration for the 
Simplified BWR (SBWR) is employed. 

The hcnefit of this system would be eCJuivtllent to an additional diverse RCIC system in addition LO 

an additional containment heat n~m()vdl system. The added system W'd.S assumed to be 90% 
rcliahlt·, designed to operate independent of ofTsite power and to be capable of in-vessel core 
melt arrest. Based on a reduction in the RCIC failure rate, the benefit is estimated at about 0.069 
PC[lIoJl~rcm averted. 

A.4.2.2 Improved Depressurization 

This item would provide an ilT\pr()vt~d depressuril.ation system which would allow more reliable 
ilCCl~SS to low prt~ssure systems. Additional depressurilAtion capability may be achieved through 
manually controlled, seismically protected. air powered operators which permit depressurizatinn 
to Pfmanually accolTlplished in the event or loss of DC control power or control air events. 

The; ABWR high pressure core damage eVl~nts represent about 28% of the total core damage 
rrl~quency, hut about 46 11.) of the oll'site exposure risk. The success of manual initiation W'd.S 
as~(umcd to be improved by 50% and therefore the depressuriz.ation failure rate was reduced by a 
rac1.~rpf2. Based on this estimate of henefit ofTsilt" person-rem is reduced by about 23% and the 
estirtiated benefit is about O.()42 person-rem. 

; " 

A.4.%.3 Suppression Pool Jockey Pump 

Thismoclifiration would provide a small makeup pump to provide low pressure decay heat 
removal from the Reactor Pressure Vessel (RPV) using suppression pool water as a source. The 
return path to the suppression pool would be through existing piping such as shutdown cooling 
rctufnlines. 

~;_~J;t:!~':' ,'i:ic:,; 

Td~.'I)(~nefit of this modification would be similar to that provided by the fireW'ater injection and 
~;pr:~Y capability. but it would have the acl\rantage that long term containment inventory concerns 
would not occur. 
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A.4.2.1 Passive High Pressure System 

This conn'-pt would provide additional high pressure capability to remove decay heat through a 
divcne isolation uHldenser typl~ system. Such a system would have the advantage of removing not 
only ckcay heat. hutl'ont.ainment heat if a similar system to that under consideration for the 
Simplified BWR (SBWR) is employed. 

The hcnefit of this ~}'Stem would he equivalent to an additional diverse RCIC system in addition to 
an additional containment heat rt~m()val system. The added system was assumed to be 90% 
rcliahlt·, designed to operate independent of ofTsite power and to be capable of in-vessel core 
melt arrest. Based on a reduction in the RCIC failure rate, the benefit is estimated at about 0.069 
per:son~rcm averted. 

A.4.2.2 Improved Depressurization 

This item would provide an improved dcpressuril.atiun system which would allow more reliable 
clCCCSS to low prt~ssure systems. Additional depressurilAtion capability may be achieved through 
manually controlled, seismically protected, air powered operators which permit depressurizatinn 
to he manually an:omplished in the event or loss of DC control power or control air events. 

'c; 

ThcABWR high pressure core damage eWnL'i represent ahout 28% of the total core damage 
frc.'quenCy, hut about 46 11.) of the ol1site: exposure risk. TIle success of manual initiation was 
as~.urned lobe improved by !)O% and therefore the depressuril.ation failure rate was reduced by a 
facl.~p:)f2. Based on this estimate of henefit ofTsitr person-rem is reduced by about 23% and the 
estiflj.ated benefit is about O.()42 person-rem. 

A.4.%.3 Suppression Pool Joc.key Pump 

This modifjration would provide a small makeup pump to provide low pressure decay heat 
removal from the Reactor Pressure Vessel (RPV) using suppression pool water as a source. The 
return path to the suppression pool would be through existing piping such as shutdown cooling 
relufnlines. 

i":"~~;': , , 
Th(!'lx~ncfit of this modification would be similar to that provided by the firewater injection and 
<;p~~y(:apahililY. hut it would have the: advantage that long term containment inventory concerns 
would nOl occur. , . 
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If the system could make low pressure coolant makeup systems 10% more reliable, significant 
reciuclioO!l in CDF would not be achieved because other low pressure systems are already highly 
reliable. The t~stimated benefit is that CDF is reduced 2% and the averted risk would be 
O.O()2 penon-rem. 

A.4.!.4 Safety-Related Condensate Storage Tank 

The current ABWR design consisLC! of a standard non-seismically qualified Condensate Storage 
Tank (CST). This modification would uPbTfade the structure of the CST such that it would be 
aVdilahle to provide makeup to the reactor following a seismic event. 

nli8~modififatjon . .(mly benefiLs.the risks of CQre damage following seismic eyenLs. liowever. 
hecausc the suppression pool provides an alternate suction sou~ce and the HCLPF for the 
suppres1!,iqn pool is relatively high (Appendix 191 of the ABWR SSAR) I the dominant failure 
mocic'S arc not limited by water availability. Therefore the benefit of this modification is 
c()f,l,~i~lere,(~ smail. A benefit of 0.01 person-rem averted was arbitrarily chosen for an upgraded 
CST. ' , " 

A.4~~,Contalnment Capability 

Tllc',i\li\VR'(()ntainm~n~t i~'designed for'ahout 45 psig i~tern~i pr~ssurei a~dir~dud~s a ," " 
lOr1~irlwcnt,rupture disk which would relieve excessive pressure if it develops during a severe 
aC(:i~~;~rlt: By providing the rcleast~ point from the wetwell airspace, mitigation of releases are 
alih"'~,~,thl"ough ,scrubbing of the fission producL'I in the suppression pool. 

\,,' ,/;!(j;;',:"':"'" " , ,'---" " , 
~~~~1,l;i';:~er V~lume Containment 

This'rn~~diliCati()n would provide a larger volume containment as a means to mitigate the clTects 
of se~er~ accidenLs. By increasing the size the containment could he ahle to absorb additional 
nop¢oncltnsihle gas generation and delay activation of the containment mpture disk or early 
containment failure. 

':,J(::;,., . 
Tbi~~'t.~~wpuld Jnitigale the consequeJlC~ of,an accident by delaying the time before the severe 
~\CqI~r-rits(iurce term is released and allowing more time for radioactive decay and recovery of 
s~t~;rps.> How{~ver, if recovery does not occur, eventual release is not prevented and if operation 
of th;~.o~)ntainmerit overpressure rupture disk docs not occur, ultimately the containment will fail 
clue:to the long term pressurization caused by core concrete interaction and steam generation. 

If ~~~tp1Ces involving drywell head failure were eliminated (Cases 3, 6, 7,8 and 9), the olTsite 
risk'~ould ht~ reduced hy about 82% and about 0.15 person-rem would be averted. 
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If the ~tem could make low pressure coolant makeup systems 10% more reliable, significant 
recluctiol1!l in CDF would not he achieved because other low pressure systems are already highly 
reliable. The ('stimated benefit is that CDF is reduced 2% and the averted risk would be 
(L002 person-rem. 

A.4.Z.4 Safety-Related Condensate Storage Tank 

The current ABWR design consisLIi of a standard non-seismically qualified Condensate Storage 
Tank (CST). This modification would upgrade the structure of the CST such that it would be 
aVdilablc to provide makeup to the reactor following a seismic event. 

This-modification-only benefits the risks of core damage following seismic events. However, 
hcrause the suppression pool provides an alternate suction source and the HCLPF for the 
suppression pool is relatively high (Appendix 191 of the ABWR SSAR) , the dominant failure 
modes are not limited by water availability. Therefore the benefit of this modification is 
considered smail. A benefit of 0.0 I person-rem averted was arbitrarily chosen for an upgraded 
(;ST. . 

A.4.3 Containment Capability 

TheABWR containment i~ designed for ahout 45 psig internal pressure and illCludes a 
(ontainlnent~upturc disk which would relieve excessive pressure if it develops during a severe 
;Icci(i~nl. By providing the rele~Lse point from the wetwell airspace, mitigation of releases are 
alitJ'~i~ye.9.,throughscrubbing of the fission producL'\ in the suppression poo\. 

~;~t'.f.:'~':+!-_;"ir~:"" <,' ,': < ,,-~--~ ~ •• -' , 

A.4i.t3.:1.' .. 1. '.aJ"" . ger Volwne Contairunent 
~ 'l'. :' : '- ,: . 'i " ,'-

Thisrnociiiication would provide a larger volume containment as a means to mitibT(lte the dTecLIi 
of sc~erc accidents. By increasing the size the containment could be able to absorb additional 
IH)(ll'ondcnsible gas generation and delay activation of the containment rupture disk or early 
containment failure. 

"-ii 

ThifsMte~ wouldr,nitigate the conseque.nce of an accident by delaying the time before the severe 
acci~J~ntsource term is released and allowing more time for radioactive decay and recovery of 
systems., Howe.~ver, if recovery does not occur, eventual release is not prevented and if operation 
of Lh,econtainment overpressure rupture disk does not occur, ultimately the containment will fail 
due to the.' long term pressurilAlion caused by (ore concrete interaction and steam generation. 

If Si~:s~~c,n(es involving drywcll head failure were e1iminatcd (Cases 3, 6, 7,8 and 9), thc ollsile 
risks would ht~ redlln.~d by about 82% and about 0.15 person-rem would be averted. 
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A.4.S.! Increased Containment Pressure Capacity 

The design pressure of the ABWR containment is 45 psig. The containment rupture disk 
pressure and ultimate capability are si~TJ1ificantly higher. By increasing the ultimate pressure 
capability of the {:ornainment (including seals), the effecL~ ofa severe accident could be reduced 
or eliminated by delaying the time of release. If the strength exceeded the maximum pressure 
obtainable in a severe accident, only normal containment leakage would result. 

This modification would mitigate the event, not change the core damage frequency and the 
increased pressure capability may not be sufTicient to contain the long term pressurization caused 
by core concrete interaction and steam generation. However, if it were able to prevent all severe 
soun:etcnnrcleaseexcept for normal containment leakage, the person~rem risk would be about 
0.02 person-rem/50 years. Therefore, the benefit would I:x: about 0.16 person-rem. 

A.4.3.3 Improved Vacuum Breakers 

The ABWR design contains single vacuum breaker valves in each of eight drywell to wetwell 
vacuum breaker lines. The PRA included failure of vacuum breakers in Case 2 assuming 
operation of wetwell spray. This modification would reduce tbe probability of a stuck open 
V<icuuril hreaker by making the valves redundant in each line and eliminate the need for operator 
action. 

lfease 2seCJueOl~es were eliminated, the benefit of this modification would be about 0.00004 
P<:fso'10pem averted. 

:-\::;-~'!:;' -, -',,!} 

AA.3.1ImprovedBottom Head Penetration Design 

The AB\VR desi~T1) includes a 2-inch stainless steel drainline from the bottom of the RPV which is 
lIsed to prevent thermal stratification in the RPV during operation and to provide cleanup of the 
hOllom.head by the CUW system. A (arbon steel transition piece connects the drain line to the 
RPV.During a severe accident this transition piece may be susceptible to melting and may 
provid~lhecarlicst path for release of molten core material from the RPV to the containment. 

,'''' 

:" - -,-,:,;'.;~::':: 
The penetrations for the fine motion control rod drives in the ABWR also may provide a pathway 
for re1t;,!-sc from the RPV following a severe accident. Failure of the internal blowout supports on 
the lo~er core plate, provided to eliminate the support structure in current generation BWRs, 
and wtlds of the drives at the bottom of the vessel may allow the CRDs to be partially ejected into 
the drywell during the severe accident which would provide a small pathway for release to the 
(olltainment. 

,,<- .. ' 

Tht' modification is to change tht~ transition piec{' material to Inconcl or Stainless Steel which ha.~ 
a higher "l<.'fting point. By so doing, additional time would be available for recovery of core 
cooling systems. This modilication also would est~lblish external welds or restraints on the CRDs 
external to the vl'sscl Sll that the drives would not he ejerled following failure of the internal 
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A.4.S.! Increased Containment Pressure Capacity 

The design pressure of the ABWR containment is 45 psig. The containment rupture disk 
pressure and ultimate capability are si~TJ1ificantly higher. By increasing the ultimate pressure 
capability of the <.:ornainment (including seals), the effecL~ ofa severe accident could be reduced 
or eliminated by delaying the time of release. If the strength exceeded the maximum pressure 
obtainable in a severe accident, only normal containment leakage would result. 

This modification would mitigate the event, not change the core damage frequency and the 
increased pressure capability may not be sufTicient to contain the long term pressurization caused 
by core concrete interaction and steam generation. However, if it were able to prevent all severe 
soun:etcnnrcleaseexcept for normal containment leakage, the person~rem risk would be about 
0.02 person-rem/50 years. Therefore, the benefit would I:x: about 0.16 person-rem. 

A.4.3.3 Improved Vacuum Breakers 

The ABWR design contains single vacuum breaker valves in each of eight drywell to wetwell 
vacuum breaker lines. The PRA included failure of vacuum breakers in Case 2 assuming 
operation of wetwell spray. This modification would reduce tbe probability of a stuck open 
V<icuuril hreaker by making the valves redundant in each line and eliminate the need for operator 
action. 

lfease 2seCJueOl~es were eliminated, the benefit of this modification would be about 0.00004 
P<:fso'10pem averted. 
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AA.3.1ImprovedBottom Head Penetration Design 

The AB\VR desi~T1) includes a 2-inch stainless steel drainline from the bottom of the RPV which is 
lIsed to prevent thermal stratification in the RPV during operation and to provide cleanup of the 
hOllom.head by the CUW system. A (arbon steel transition piece connects the drain line to the 
RPV.During a severe accident this transition piece may be susceptible to melting and may 
provid~thecarlicst path for release of molten core material from the RPV to the containment. 

,'''' 

:" - -,-,:,;'.;~::':: 
The penetrations for the fine motion control rod drives in the ABWR also may provide a pathway 
for re1t;,!-sc from the RPV following a severe accident. Failure of the internal blowout supports on 
the lo~er core plate, provided to eliminate the support structure in current generation BWRs, 
and wdds of the drives at the bottom of the vessel may allow the CRDs to be partially ejected into 
the drywell during the severe accident which would provide a small pathway for release to the 
cOIllainment. 

,i,,;- '" 

Tht' modification is to change tht~ transition pil~(c material to Inconc1 or Stainless Steel which has 
a higher !'ldling point. By so doing, additional time would be available for recovery of core 
fooling syst(~ms. This modification also would est~lblish (~xternal welds or restraints on the CRDs 
external to the vessel Sll that the drives would nol he ejc(ted following failure of the internal 
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welds. The concept would be to makt: such external welds and supports small enough that the 
hcnefit is not lost from eliminating the support beams in current generation BWRs. The benefit 
of these modifi(~ations would be to reduce the probability of in-vessel arrest failure (NO IV). 
Ba.'ied on consideration of the ht:atup rate of the bonom head, it has been estimated that making 
these changes could provide up to two hours additional time for recovery of systems. It is 
estimated. hased on engineering judgment. that this time could result in the in-vessel arrest 
failure prohahilities being reduced hya factor of two. The resulting benefit is about 0.057 person­
rem av(~rted. 

A potential negative aspect of the modifications is that RPV failure could occur at another 
unknown location such as the bottom head itself. Although the time of vessel failure would be 
extendett.~thcfaiture mode from these other locations could be potentially more energetic and 
lead lei lInevaluated consequences. 

A.4.4 Containment Heat Removal 

The ABWR design cuntains 3 divisions of suppression pool cooling and provisions for a 
c()ntainmt~nt rupture disk for decay ht:at removal. In addition, modifications have been made t(J 
usc thc.~:UW heat exchangers LU the maximum extent possible. Consequently, loss of 
containment heat removal evenL'icontrihule only n.I % of the total core damage frequenry and 
offsile e:xposures. Additional modifications are not likely to show substantial sakty benefits. 

A.4.4.1LargerVolume Suppression Pool 

This ilC*, would increase the size of the suppression pool so that the heatup rate in the pool is 
reducef(;:'Theincreased size would allow more time for recovery of a heat removal system. 

Sincc dlis modification primarily affects LHRC events (Table A-2) , the maximum benefit would 
be elimination of the LHRC contribution to the Case 9 sequences. These events are mitigated by 
the containment rupture disk and only contribute about 0.0002 person-rem to the base case risk. 
The assessed maximum benefit is therefore about 0.000e2,person-rem. 

A.4.Sq9ntainmentAtmosphere Mass Removal 

The ABWR design contains a containment rupture disk which provides containment overpressure 
prott~Cllon from the wetwell airspace and utilizes the suppression pool scrubbing feature of the 
suppression pool to rcduce the amount of radioactive material released. One additional 
Illodification was considered. 
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welds. The concept would be to make such external welds and supports small enough that the 
benefit is not lost from eliminating the support beams in current generation BWRs. The benefit 
of these modifications would be to reduce the probability of in-vessel arrest failure (NO IV). 
Based on consideration of the heatup rate of the bollom head, it has been estimated that making 
these changes could provide up to two hours additional time for recovery of systems. It is 
estimated. hased on engineeringjuclgment, that this time could result in the in-vessel arrest 
failure prohahilities heing reduced hya factor of two. The resulting benefit is ahout 0.057 person­
rem av(~rted. 

A potential negative aspect of the modifications is that RPV failure could occur at another 
unknown location such as the bottom head itself. Although the time of vessel failure would be 
extendert,~lhc-faiture mode from these other locations could be potentially more energeticand 
lead to ullevaluilted consequences. 

A.404 Contairunent Heat Removal 

The ABWR design contains .3 divisions of suppression pool cooling and provisions for a 
c()nlainmt~nt rupture disk for decay heal removal. In addition, modifications have been made to 
usc lhc.~=UW heat exchangers tu the maximum extent possible. Consequently, loss of 
conl.41inment heat removal event'icontrihute only O.l % of the total core damage frequenry and 
offsile exposures. Additional m()difications are notlikcly to show substantial safety benefits. 

A.4A.l·.LargerVolume Suppression Pool 

This il~g'lwouldinlTease the size of the suppression pool so that the heatup rate in the pool is 
reduccdjtThcincreased size would allow more time for recovery of a heat removal system. 

Since t",is modification primarily affects LHRC events (Table A-2), the maximum benefit would 
he c1iminationof the LHRC contribution to the Case 9 sequences. These events are mitigated by 
the containment rupture disk and only contribute about 0.0002 person-rem to the base case risk. 
The assessed maximum henefit is therefore about 0.0002.person-rem. 

Ao4.5 .CorttainmentAtmosphere Mass Remov.u 

The AB:WR design «>ntains a containment rupture disk which provides containment overpressure 
prott:cllon from the wetwell airspace and utilizes the suppression pool scrubbing feature of the 
suppression pool to reduce the amount of radioactive material released. One additional 
modification was considered. 
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A.4.S.1 Low Flow Flltered Vent 

Some BWR facilities, especially in Europe, recently have added a filter system external to the 
containment to funher reduce the magnitude of radioactive release. The systems typically use a 
multi-venturi scrubhing ~')'Stem to circulate the exhaust gas and remove paniculate material. In 
the ABWR because of the suppression pool scrubbing capability, a significant safety improvement 
is not expected due to this modification. 

TIle release of radioactive isotopes from the ABWR following severe accidents occurs through the 
containment rupture disk for Cases I, 2 and 5. These sequences lOtal about 8% of the exposure 
risk. The remaining sequences involve drywell head failure or early containment failure which 
would Iw.L~e~a1IcC1ed bylhis modification. The maximum benefit of the eXlcrnal vent ~')'Stem is 
therefore about OJ)} 4 person-rem assuming perfect initiation of the filtered containment vent 
system. 

A.4.6 Combustible Gas Control 

No additional modifications to the ABWR were identified in this group. 

A.4.7 Contairunent Spray Systems 

A.4.7.1DryweUHead Flooding 

This(orl,~t~p~,w()uldprovidc intentional flooding of the'tTpper drywell head such that if high 
drywclllf:mperatlires occurred, the drywell head seal would not fail. Additionally, if the seal were 
10 fail cllj'ctooverpressuriz<ltion of the drywell. some scrubbing of the released fission products 
would occu~. This system would be designed to operale passively or use an AC-independent water 
source. 

If an cxlension of the fire pump to drywell spray crosstie were considered for manual initiation of 
uppa head 'f1ooding. additional reduction in the high temperature containment failure 
sequen<;:t.;s (Case 8) would result. Additionally, a reduction in the high consequence drywelJ head 
failure s'equences (Cases 6 and 7) could be achieved. If Case 8 sequences were eliminated and 
Case () and 7 source terms were reduced to a level similar to Case 3, the conservative benefit 
would be 0.12 person-rem. The estimated benetit of this is about 0.06 person-rem assuming a 
50% reliability of initiation. 

A.4.8 Prevention Concepts 

Thc ABWR design (ontains an additional division of high pressure makeup capability to improve 
i(~ capability to prevent severe a((idenL~ other k,\ltlreS such ali the fire pump injection capahility 
and the (oml.Jstiol1 gas turbine have been included in the design to enhance the plant capabilit~1 
10 prevem COl (.' rlalllage. TI1e following additional cOl1cepl<; were considered: 
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A.4.5.1 Low Flow Flltered Vent 

Some BWR facilities. especially in Europe, reccmly have added a filter system external to the 
containment to further reduce the magnitude of radioactive release. The systems typically use a 
multi-venturi scrubbing ~)'Stem to circulate the exhaust gas and remove particulate material. In 
the ABWR because of the suppression pool scrubbing capability, a significant safety improvement 
is not expected due to this modification. 

The release of radioactive isotopes from the ABWR following severe accidents occurs through the 
containment rupture disk for Cases I. 2 and 5. These sequences lOtal about 8% of the exposure 
risk. The remaining sequences involve drywell head failure or early containmem failure which 
would tmL8c_ . .urcned by this modification. The maximum benefit of the extcrnal vent system is 
therefore ahout OJJl4 person-rem assuming perfect initiation of the filtered containment vent 
system. 

A.4.6 Combustible Gas Control 

No additional modifications to the ABWR were identified in this group. 

A.4.7 Contairunent Spray Systems 

A.4.7 .1!>rywell Head Flooding 

n)iSC()M,Jt~Pt.w<?uldprovide intentional Hooding of thclipper drywell head such that if high 
drywell Lt:mpenltllres occurred. the drywell head seal would not fail. Additionally. if the seal were 
t() Jaildy'e to ovcrprcssuriz<ltion of the drywell. some scrubbing of the released fission products 
would O(Cll~. This system would be designed to operate passively or use an AC-independent water 
source .. 

If an cXlension of the fire pump to drywell spray crosstie were considered for manual initiation of 
upper head 'flooding. additional reduction in lhe high temperature containment failure 
seqllcn<;~s (Case 8) would resull. Additionally, a reduction in the high consequence drywcll head 
failure¥c'qiienccs (Cases 6 and 7) could be achieved. If Case 8 sequences were eliminated and 
Case {j and 7 source terms were reduced to a level similar to Case 3, the conservative benefit 
would be 0.12 person-rem. The estimated benefit of this is about 0.06 person-rem assuming a 
50% reliahility of initiation. 

A.4.8 Pre~'ention Concepts 

Thl" ABWR design cOlltains an additional divisioll of high pressure makeup capability to improve 
il~ capability to prevent severe accidellL,> other k,i"ilJreS such as the fire pump injeClion capability 
and the com l '.lslion gas turbine have been included in the design to enhance the plant capabilit~1 
to prevent (01 t' damage. The following additional concepts were considered: 
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A.4.S.1 Additional Service Water Pumps 

This it('rn addrt~sses a reduction in the common cause dependencies through such items a.~ 
improveclmanufaClurer diversity, separation of equipment and support ~)'Stems such iL'I service 
watl~r, .tir supplies, or healing and vcntilation (HVAC). The HPCF, RCle, and LPFL pumps arc 
diVl'rsc in the ABWR design since they arc either supplied by different manufacturers or have 
diffeft.·nl flow (:harat:leristics. f.quipllll'nt is separated in the AB\VR design in accordance with 
Regulatory (;uide 1.7:>. Thus, no further improvement is expected with regard to separation. 

A recitU:liol1 in (ornnwn cause cit-penckncies from support ~)'Stems such a.'I service water ~)'Slems, 
could conceivahly rt~du("e the plant risk through an improvement in ~)'Stem reliability. The 
(oll.(eptt~r~hili ilcl1l;would be to provide an additional cooling water system capahle of 
Supp()rtin~'c7.7:·h~~-;tlhc Tour divisional syst('nls identified ahove. . 

Th(' rurrt~1ll design provides support to lhcse systl:ms from one of lhree divisions. Thus, the 
dfcu ofthist:hangc would he to include a diverse and additional support system. In addilion, 
diVl'rsity in inslrumnl1411ion which controls tht'se syslems("ould be included so that redundant 
inclicllion and trip channels would rcly on diverse inslrumentation. 

"". . , 

A I Wit) IlJc.feasc in the rt:liahility of th.,;, f~Hlr systems w~ a.'ISU",lHjd wryichis the same improvement 
that 1ll.1yhc deriwd from improved maintenance (Subsection A.4.1.3). This reSUIL'i in an . 
csti malt'n hl~,ndi t of about 0.0 16 pl~rS()n-rcm. 

'A.4.9' , A~;'p:,~~r ,~yppijes 
";jl",;,,;,:":'!";" , .,. 

',t . '~" <,~'>'-;. .} 

. Thl' (l1rr£i,ilt.~;B\\':~ c.lll~l'triral design is improved through appliGltion of it gas-lurbinc generator 
to augmellt lh't, offsil(' eit-elrical grid. The following concepts were considered for additional 
IInsile.· pow(:r supplit·s. 

A.4.9.1 Steam Driven Turbine Gener.llor 

A sll'amddvenlUibinegtnerator could hl~ inS141lled which uses reactor sttam and exhausts lo the 
sllpprt:s'si~)ti'l'P()dlprhes'ystem would bl' conceptually similar to the RCIC system with lht 
gellt'ralHr «(HlJH.'ded to the ofTsitt: pOWl'f g-rid. . 

The.' Ix:ndit of this itt'm would he similar to the addition of anolhtr gas turbine gt:nerator, but 
would hc'~ somc.'whalil'ss due to thl~ relalive unreliability of the steam turbine compart·,1 with a 
dicsl'l gl~li<:rat()r and its l1na\~dilahility afte.:r the RPV is dt:pressurizt:d. If it were sized I gc 
Fllough, i'(dmld have thl: advantage of providing powc,'r to additional equipment. 
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AA.8.1 Additional Service Water Pumps 

This item addresses a reduction in the common cause dependencies through such items a.~ 
improvl~d rnanuLtullrer diversity, separation of eCluipment and support ~)'Stems such a.'i service 
watl'r, air supplies, or heating and ventilation (HVAC). The HPCF, RCIC, and LPFL pumps are 
divl'rse in the ABWR desigll since they are either supplied by difTerent manufacturers or have 
differcnt flow charactnistics. F.quiplllt'nt is separated in the AB\VR design in accordance with 
Regulatory (;llidc 1.7S. Thus, flO further improvement is expected with reg~rd to separation. 

A redUl"lion in common cause dependellcies from support ~)'Stems such as service water ~J'Stems, 
could conceivably reduce the plant risk through an improvement in ~)'Stem reliability. The 
lOnC<.~ptt:,!r I!.~isi.~t~nl,wollid he to provide an additional cooling water system capablc of 
supportillg'(:ach of the four divisional systellls identified ahove. 

The.' (llrrt~lll design provides support to these systems from one of thret~ divisions. Thus, the 
clfect of this change would be to include a diverse and additional support systt·m. In addition, 
divnsity in instrumentation which lontrols these systems could he included so thaI redundant 
indiellion and trip channels would rely on diverse instrumentation. 

A I WJ{, Increase in the rdiability of tht: four systems was a.-;su':ned which is the same improvement 
that maybe derived from improVt'd maintenance (Subse.'nion A.4.1.3). This resulLo; in an 
estimated lwndit of about n.o 16 pers()n-rem. 

A.4.9. AG.P.Qw(!rSl1Pplies 
i· "; 

. The rUrrll.lltAl\WR ekrtriral dcsig-n is improved throug-h application of a gas-turbine generator 
to aug-mellt the (Jlhite electrical grid. The following- concepts were considered for additional 
llnsite power slIpplil's. 

AA.9,l Steam Driven Turbine Generator 

A steam driVt'n turhint' gt'ncr .!tor could he ins14dkd which uses reactor steam and exhausts to the 
slIppn'ssipn pooL The system would h{' c()nceptually similar to the RCIC sysll'm with the 
g-t'nt'rator connt'clcd to the offsilC pown grid. 

The hcnt'fit of this item would he similar to the addition of another gas turbine generator, but 
would IX' somewhat kss due to the reLllive unreliability of the stearn turbine (ompan·,1 wilh a 
diesel generator and iL'I una\~dilability aftn the RPV is dt~prcssurilt'd. If it were sized 1 ge 
l'll()lIgh,i~ (CHIld have the adVan141ge of providing- power to additinnaleCluipmenl. 
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If thc!I)'Stcm has a RQ% availability for all events, the benefit is similar to an 80% reduction in the 
diesel generator ,common mode failure rate. EValuation of the PRA indicates that the resulting 
henefit is about 0.052 person-rem. 

A.4.9.2 Alternate Pump Power Source 

The ABWR provides separate diesel driven power supplies to the HPCF and LPFL pumps. OfTsite 
power supplies the feedwater pumps. This modification would provide a small dedicated power 
source lHlch a., a dedicated diesel or gas turbine for the feedwater, or condensate pumps so that 
they e10 not rely on o'fsitt power. 

The hene1~"t,~oukl,bc.Jcssdependence on low pressure !I)'Stems during loss of otrsite power events 
and stalion blackout ('VellL'i. If the feed water system ,vere made to be 90% available during loss of 
offsitc power evenL'i ,and station bl.lrkollL'i, the benefit would he similar to .1Clding an additional 
Rele system (Subsection A.4.2.1). The resulting benefit would be about 0.069 person-rem. 

AA,10 DC Power Supplies 

Tht: AHWR cOlll~lins " DC divisions wilh sutliclcnt rapacity to sustain 8 hours of station blackout 
,(with somt~,!oad sh9ci.~I~ng). This n:preSenL'i an improvement over current operating plant 
(ksigns. "". '., .,"-,-, "."". " .,"- ."' 

.;::: :'. 

A.4.10.1 Dedicated DC Power Supply 

.. '};.,.\~ ~< .",. . ·,4r':·~ ~ .: 
This ilt'm ~!1:4r~sse,r;f.beuse of a diverse DC power !I)'Stem such as an:additional battery or fuel cell 
lor tht' purpose of:erovi<iing motive power to certain componenL'L Conceptually a fud cell or 
sl'p~lrateh~Ltery n)l~ld he used to power a DC mOli)i'lpump combination and provide high 
prt'SSllre RPVinjectlon <And containment cooling. With proper starting controls such a !I)'Slem 
could he sized to provide several days capahility. 

I'rovidill~ a separat(.' DC powered hi~h pressure injectioll capahility has a henefit of further 
r("(IIKing tl~e st.aliOllhlackollland loss of offs\te power event risks which represent ahout 75(YcJ of 
lhe 11J1~11 Cl>F~bul onlya small fraction of the oflsilt' risk. If the effective unavailability of the 
RCIC is rctl'ufcd hy;~ factor of 10 due to lhe aVo.lilability of a ciivers(' ~)'Stcm, one benefit would he 
similar Ii, addin~ a power supply for feedwater (Suhsenion A.4.9.2) and the benefit would he 
.lhoUI O.Oq9 person-rem. 

A.4,ll ATWSCapabiuty 

Thc~~urrt'nlABWR ciesign provides improvements in containment heat removal and detection of 
ATWS eventsto .. limiuhe impart of this class of events. The PRA indicates that ATWS eVenL'i 
lOlllrihulc 'lhout n.1 (X of the corc damage frequency (Table A-2) and about 17% of the ofTsitc 
risk (ClSt' 9). 
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If the lI)'Stem ha." a 80% availability for all events, the benefit is similar to an SO% reduction in the 
diesel generator common mode failure rate. EVAluation of the PRA indicates that the resulting 
benefit is about 0.052 person-rem. 

A.4.9.2 Alternate Pump Power Source 

The ABWR provides separate diesel driven power supplies to the HPCF and LPFL pumps. Offsite 
power supplies the fcedwatcr pumps. This modification would provide a small dedicated power 
source mch a.'I a dedicated diesel or gas turbine for the feedwater, or condensate pumps so that 
they do not rely on of1'site power. 

The hencfit~ould,bc-lessdependen«: on low pressure ~)'Stems during loss of ofi'site power events 
and stalion hl;u:koul evenL'i. If the kedwilter system .vere made to be 90% available during loss of 
olfsite pllwc.:r evc,'IlL'i and station bl.lrkoUL'i. thc" benclit would he similar to .Hiding an additional 
Rete system (Subsection A.4.2.1). The resulting benefit would be about 0.069 person-rem. 

A.4.10 DC Power Supplies 

The ABWR cont~lins 4 DC divisions with sutlic.-il'nt capacity to sustain H hours of station hlackout 
(with sllrne.~ load she.dding). This n:preSenL'i an improvement over current operating plant 
designs. . . ...... . . . '. 

A.4.10.1 Dedicated DC Power Supply 
'c-. ,,'.',' 

This itl'1ll ad,dressCS:lheuse of a diverse DC power system such as an additional hattery or fuel cell 
for thl' purposcofproviciing motive power to certain (ornpOnenL'i. Conceptually a fuel cell or 
'iqMratc ha,ttcry ('ould he used to power a DC mOllirlpump combination and provide high 
prC,'Ssurc RPV injection <Ind con~linmcnt cooling. With proper starting controls such a !I)'Slcm 
could be si/ed lo provide several days capahility. 

I'rovidin~ it separate.' DC powered high pressure injectioll capahility has a hcnelit of further 
rl'dIKin~ tht, station blackout and luss of olTsite power event risks which represent ahout 75% of 
Ihe 1()I~lll;DF, but onlya small fraction of the offsitt' risk. If the clfenivc unav.lilability of the 
R(:J(; is reduccd hya factor (If 10 dul' to the aV.lilabili ty of a diverse system. one benefit would he 
similar 10 addinl-{ a power supply for feedwater (Subsenion AA.9.2) and the benclit would he 
.tbout 0.069 person-rem. 

A.4.11 ATWS Capability 

Thl' ~·urrc.·ntABWR desihTfl provides improvl'ments in containment heat rellloval and detection of 
ATWS evt'ntsloiimiuhe impact of this class of cVc'·nts. The PRA indicates that A Th'S evenL'i 
COil tribute ahout 0.) ex of the corc damage freqUl~nry (Table A-2) and about) 7% of the olfsile 
risk (CL'il' 9). 
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A.4.11.1 A1WS Sized Vent 

Thi!l modification would h~ available to remove reaClor heat from ATWS events in addition to 
severe accidenL'l and Class II evenL'i. It would be similar to the containment rupture disk (which is 
currently sized to pass reactor power consistent with that generated during RCIC injection), but it 
would t)(~ of the larger size required to pass the additional steam a.'isociated with LPFL injection. 
The system would need to be manually initiated. 

The hClldit of this venting concept is to prevent core damage and to reduce the source tenn 
available for relea.'ie following ATWS events. The evaluation shows that an A TWS sized vent 
manually iniliatedwith a 100% reliability would have a maximum benefit of reducing the ofTsite 
dme by aonur"O.03 person-rem by reassigning the consequences from Case 9 to Ca.'ie 1. 

AA.12 Seismic Capability 

The current ABWR is designed for a Safe Shutdown Earthquake of O.3g acceleration. The seismic 
margins analysis (Appendix 191 of the ABWR SSAR) addresses the margins a.'lsociated with the 
seismic dl~sign and uHldudes that there is a 95(ft) confidence that existing equipment has less 
than it 5% probability of failure at twice the SSE leVeL TIlis capability is considered adeCjuate for 
the AIHVR design and IlO additional changes arc considered. 

A.4.13 System Simplification 

This ilemis,i,!,ltendc;:d to addrc:'ss ~)'Stem simplification by the elimination of unnecessary 
inlcrlorks,'lutoma~c initiation of manual actions or redundancy as a mcans to reduce overall 
plant risk.'" Elimination of seismic and pipt' whip restrainL'i is included in the concept. 

\\,11ile there are sl~vcralexamples of redundant ~)'Stems. valves and features on the ABWR design 
which (ouldconceivably he simplified, thcre are several areas in which the AllWR design already 
has heen improved and simplified, espcrially in the area of controls and logic. Systcm 
intcractiorlsdllring accidents were included in this category. One area wa.'i identified in which 
simple modification of an existing lI-ystem could provide some benefit. 

A.4.13.1R~~tor BUildulg Sprays 

This (onn'pt would usc the firew,lter sprays in the reactor building to mitigate rcleases of fission 
prodlHL'\ .into the n'actor building r()lIowin~ an acricicnt. The concept would require additional 
v,llvl's and nOlxles. sl'paratc from the fire protection fusible links. to spray in areas vulnerahle to 
release. stlch.L'i ncar the containment overpressure relief line routing. 
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A.4.11.1 AlWS Sized Vent 

Thi~ modification would h~ available to remove reactor heat from ATWS evenLS in addition to 
severe accidenL'i and Class II evenL~. It would be similar to the containment rupture disk (which is 
currently sized to P,L'iS reactor power consistent with that generated during RCIC injection), but it 
would lx' of the larger size required to pass the additional steam associated with LPFL injection. 
The system would need to be manually initiated. 

The benefit of this venting concept is to prevent core damage and to reduce the source term 
available for rcleL'ic following A TI\'S evenLS. The eV".iluation shows that an A TWS sized vent 
manually initiated with a 100% reliability would have a maximum benefit of reducing the offsite 
dose by ahnurO.03 person-rem by reOL'Isigning the consequences from Case 9 to COL'Ie 1. 

AA~ 12 Seismic Capability 

The current ABWR is designed for a Safe Shutdown Earthquake of 0.3g acceleration. The seismic 
margins analysis (Appendix 191 of rhe ABWR SSAR) addresses the margins OL'isociated with the 
seismic design and (ondudes thal there is a 95% (onfidence that existing equipment hOLI! less 
lhan i\ 5% probability of failure al twice the SSE leveL TIlis capability is considered adequate for 
theAB\VRdesign and no addilional changes are considered. 

A.4.13 System Simplification 

This ilemis i!ltend~d to address ~-ystemsimplifi(alion by the elimination of unnecessary 
intcrlorks,automa(,jeinitiation of manual actions or redundancy as a means to reduce overall 
plant risk.'Elimination of seismic and pipe whip restrainL'i is included in the concept. 

\\,11ilc there are sl~veralexamples of redundant lIJ'Stems. valv(~s and features on the ABWR design 
which could conceivably he simplified, there are several areas in which the ABWR design already 
h~L,\ l)Ccn improved and simplified, esperially in the area of controls and logic. System 
interacti(ms durin~accidenLS were included in this category. One area W;L'i identified in which 
simple modification of an existing system could provide some benefit. 

A.4.13,l~eactor Buildulg SprAYS 

This concept would use the firew~ller sprays in the reactor huilding to mitigate relea'ies of fission 
prodlHL'\ .inlO the rt'aClor building following an accident. The concept would require additional 
v.llvt's and nOlx\es. sl'parate from the fire prolenioll fusible links. to spray in areas vulnerahle to 
rdeas(·. such i'l ncar the containment overpressure relief line routing. 
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TIle benefit of this modification could be to reduce the impact of events which do not involve the 
operation of the containment rupture disk. Such events reiease fission products from the 
containment into the reactor building. Releases from normal containment leakage and cases 3. 
6, 7. H and case Y sequences could potentially be reduced. If 1Ocx, of these releases from these 
Gl~t:S were arbitrarily mitigated by this method. the benefit would be about 1.7E-04 person-rem. 

AA.14 Core Retention Devices 

Core retention features are incorporated into the ABWR Design. As discussed in Subsection 
19E.2.2(paragraph FS) of the AB\VR SSAR. if a severe accident has resulted in a loss of RPV 
integritr.~._~cElg~.,91.,~~~~ctgement guidance specifies that drywell sprays be initiated which will 
callse the s'i.1ppressioll pool to overflow into the lower drywell after a few hours and quench the 
debris bt:d. After the molten core has been quenched. no further ablation of concrete is 
expected anrlthe decay heat can be removed by normal containment cooling methods such as 
suppression pool cooling. If sprays can not be initiated, the Lower Drywell Flooder System 
described in Subsection 9.5.12 of the ABWR SSAR cools a debris bed by flooding over the molten 
fore in the lower drywell with water from the suppression pool. This system is similar.to the Post 
ArcirlentFlooding concept included in Reference A-4. One additional (~oncept from Reference 
A-4 is includtld. 

AA.14.1 Flooded Rubble Bed 

This (or~cepL'<<.:ons.istsof a bed of refraetory pebbles which lil·1 the lower drywell cavity and are 
f1()oded,:~ji:nwatef,. The bed impedes the flow of molten corium and increases the aV&lilableheat 
lransfe.r ~r,~a~hic,her~hann!s dehrisc()olability. The USc of thoria (Th02) pellets in a multiple 
layer gcornclry hi., been shown to stop melt penctrati(>rl; thus, preventing core-concretc 
interaCtion. Drawhacks to using thorium dioxide include cost, toxicity, and the radiological 
impact of radon gas release into the low('[ drywell via the radioactive decay of thorium. Other 
rcfrarlories such as alumin;,. ,;low corium penetration but may fail to stop core-concrete contact. 
<h .... er refractqrie~may be susceptible to chemical attack by the corium and may melt at lower 
tempcratures';Pe.hbles composed of refractories other than thoria also may be susceplible to 
noating,~ca\lSe they have lower density than the corium. A major drawback common to all 
no()dcd:rlihbi~~~dc()re retention systems is the need for' further experimental testing in order to 
y.llidate theconC(;pt inBWR applications. ' 

The tx~n'efit of' this modi!" "ation lies in the potenlial elimination of core-concrete interaction and 
a corresponding pecrea '1 non-condensable g"clS generation. Attachment 19EC to Appendix 
19E of lht: ABWR SSAR indicates a 90% certainty that debris on a concrete floor covered with 
watd wilfbecoolahle in the current ABWR design. 

Only st'quenccs in which no liquid injection to the drywell occurs will result in core-concrete 
interaction. A conse[v,llivc t~stimate of the benefit of this conc!'pt over the existing desib'll would 
hc.' l'limination of sl'ql1enU's with rorc-(oncrete interaction except th()s(~ with containment 
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TIle benefit of this modification could be to reduce the impact of events which do not involve the.: 
operation of the containment rupture disk. Such events reiease fission products from the 
(onl;linrncnt into the reactor building. Releases from normal containment leakage and cases 3, 
I), 7, H ilnd case Y sequences could potentially be reduced. If 100/-, of these releases from these 
LlSt·S w~re arbitrarily mitigated by this method, the benefit WOUld be about 1.7E-04 person-rem. 

A.4.14 Core Retention Devices 

Core retention features are incorporated into the ABWR Design. As discussed in Subsection 
19E.2.2(paragraph FS) of the AB\VR SSAR, if a severe accident has resulted in a loss of RPV 
intq;rity,. __ ~c~~~~~_r::t,~,~r:'!a.nagement bruidance specifies that drywelJ sprays be initiated which will 
cause the sllppressiol1 pool to overflow into the lower drywell after a few hours and quench the 
debris bed. After the molten core has been quenched, no further ablation of concrete is 
l:xpeCled anothe decay heat can he removed by normal containment cooling methods such as 
suppression pool cooling. If sprays can not be initiated, the Lower Drywell Flooder System 
described in Subsection 9.5.12 of the ABWR SSAR cools a debris bed by flooding over the molten 
(ore in the lower drywell with water from the suppression pool. TIlis system is similar to the Post 
Accident Flooding concept included in Reference A-4. One additional concept from Reference 
A-4 is included. 

AA.14.1 Flooded Rubble Bed 

This conceprconsisLSof a bed of refractory pebbles which fill the lower drywell cavity and are 
floodedwi..lh watet_ The bed impedes the.: now of molten corium and increases the available heat 
Irallsferarcawhicher~hances debris ()otability. Thc usc of tho ria (Th02) pellets in a multiple 
layer geometry has bl:cn shown to SlOp melt pcnetratifHl; thus. preventing (ore-<:oncrete 
interaction. Drawbacks to using thorium dioxide include COSI, toxicily. and the radiolosical 
impact of radon gas release into the 10\'.'('[ drywell via the radioactive decay of thorium. Other 
refractories such as alumin;. "Iow corium penetration but may fail to stopcore-concrete contact. 
()t.1cr rcfractor·ies may be susceptible to chemical att?ck by the corium and may melt at lower 
lemperatures.Pebbles composed of refractories other than thoria also may be susceptible to 
floating hecause they have lower density than the corium. A m<l:jor drawback common to all 
flo~)ded nihbk b~d core retention systems is the need for further experimental testing in order to 
validate the concc:ptinBWR applications. 

The tx:ncfit of this modif 'ation lies in the potential elimination of corc-<:oncrete interaction and 
a corresponding decrea '1 non-<:ondensable Was generation. Attachment 19EC to Appendix 
19E of the ABWR SSAR indicates a 90% certainty that debris on a concrete floor covered with 
water will be cool able in lhe current ABWR desibrn. 

Only sl'quences in which no liquid injection to the drywell occurs will result in core-<:oncrete 
interaction. A conselY,llivc ("stimate of the benclit of this conccpl over the existing desibrn would 
Iw elimination ()f sl'quences with core-n>llCfete interaction excepl those with containmcnt 
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cooli'lg failure. A review of Suhsection 19E.2 of the ABWR SSAR indicates that this would effect 
ahout I % of Cases 1.6 and 7. This corresponds to about 0.001 person-rem averted. 

A.5 COST IMPACTS OF POTENTw.. MODIFICATIONS 

As discussed in Subsection A.I.3.1, rough order of magnitude costs were assigned to each 
modification hased on the costs of s~tems determined by CE. These coSL'I represent the 
incremental coSLo; that would he incurred in a new plant rather than costs that would apply on a 
baddit basis. Credit for the onsile COSLo; averted by the modification are discussed in Subsection 
A.I.:t~. For each modification which reduces the core damage frequency an estimate of the 
imparl was made ,md then applied to the potential averted oflsite coslo This section summarizes 
the cost b~Lo;is forc1lch·of the modification eV.lluated in Sect.dn A.4. This hasis is generally the 
cost estimate less the credit for ol1site averted coSLs. Table A-6 summarizes the reSUIL'i. 

The ('oSLs wt:re biased on the low side, but all known or reasonahly expected cosLs were accounted 
for in order that a reasonable assessment of the minimum cost would be obtained. Actual plant 
cosLs are'expt.~cted to be higher than indicate I in this evaluation. All COSI.'I are referenced to 1991 
U.S. dollars h;Lsed on changes in the Consumn Price Index. 

A.5.1 A~ddellt M.iliagement 

., ~5.1.1 SevcceAcddent EPGs/AMGs 

The c(Jst(~fl'x[tn(fingthe EPGs would be:: largely a one-time cost which should be prorated over 
st'vrral pla;)LSifa~,c()mplished by the H\VROC, Current industry anivity is addressing this as part 
()f Accident Mall,~gt'nH'nt (;uidelint's (AMC). If plant sphific, symptom hased, severe accident 
t'lllngt'lll'y prmTdures wc.:re to he prepared based on AMCs, the cost would he at \calit S600,O()() 
for plant spccific modifications to EOl's. 

A.5,1.2Compulcr-Aidcd Instrumentation 

Addili()n~lsoftwan; <ll1.d development rmLo; <L'is()ciated with modif)ing existing Safety Plant Display 
SystemsarC:~eslimatcd to cost at least $60(),OOO for ,1 new plant. This estimate is based on assumed 
additiollsofisolatiolldevices to transmit data to the computer and in-plant wiring. Because this 
lllodifir;ttioll reduC"s thl' frequl'lll"Y of (orc damage t'vcnL'i, a present worth of $400 onsitt' CosL'i 
<lrt.' avt.'rted and the cost b<L'iis is S:)~lq,(iO(). 
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cooli'lg failure. A review of SuhseClion 19E.2 of the ABWR SSAR indicates that this would effect 
ahout l'fr) of' Cases 1,6 and 7. TIlis corresponds to about 0.001 person-rem averted. 

A.5 COST IMPACTS OF POTENTIAL MODIFICA110NS 

As discussed in SuhseClion A.I.3.I, rough order of magnitude costs were assigned to each 
modification hased Oil the costs of systems determined by GE. These coSL" represent the 
incremental COSL'I that would he incurred in a new plant rather than costs that would apply on a 
hacklit basis. Credit for the onsite COSL'S averted by the modification are discussed in Subsection 
A.I.:t~. For ea<.:h modification which reduces the core damage freCjuency an estimate of the 
impact W;L'I made and then applied to the potential averted olTsite cost. This section summarizes 
the cost h~L'Iis for each 01 the modification evaluated in Sect;l>n A.4. This hasis is generally the 
cost estimate less the credit for onsite avcrted <.:OSl. ... Table A-6 summaril.es the resuIL.,. 

The (oSLo.; were biased on the low side, but all known or reasonahly expected costs were accounted 
for in order that a re;L'iOnablc ~'Sscssmcnt of the minimum cost would he obtained. Actual plant 
cosL .. are expcnl~d to bt~ higher than indicate' in this evaluation. All costs are referenced to 1991 
U.S. dollars b;L'Ied on changes in the Consumer Price Index. 

A.5.1 A~ddent Management 

., A.5.1.1 Severe Acddent EPGs/AMGs 

The c(Jst(~rCXl~rHfillgthe EPGs would ht~ largely a one-time cost which should be prorated over 
sevrral plarw;if ac"omplished by the BWROC. Current industry activity is addressing this as part 
III An:idl:IHMan,~gt'ment (;uidelines (AMe). If plant specific, symptom b~L'ied, severe accident 
emergcncy procedures Wl.Te to be prepared based on AMes, the cost would bt: at least $600,000 
for plant specific modifications to E< >Ps. 

A.5.1.2 Computer-Aided Instrumentation 

Addjlj()ll~Lsoflwart:.a\ld development em\..'; il.'is(Kiated with modif)ing existing Safety Plant Display 
Systems arc.: cSlirnatedto cost at kast ShOO,OOO for a new plant. This estimate is b'l.'Ied on ~'isurned 
acldiliolls·of isolatioll devices to transmit data to the computer and in-plant wiring. Because this 
modification rec\tlC"s the frequency of core damage evenL'i, a present worth of S400 onsile CoSL'i 
<lrt' averted and the cost b~'iis is S:)9Q,tiOO. 
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A..5.1.3 Improved Maintenance Procedures/Manuals 

Tht· cost of at least $300,000 would b~ rCCJuired to identify compOnenL'i which should receive 
cnhanced maintenance allention and to prepare the additional detailed procedures or 
r(~(OlTlInCllded information beyond that currently planned. Crt:dit for reduction in onsite costs 
rcduces the cost basis lO $299,000. 

A.5.2 Decay Heat Removal 

A.5.2.1 Passive High Pressure System 

The (Ostof <lll addilional high pressure system f. r core cooling would be extensive since it would 
not only rt'CJuire additional system hardwdrc which would cost at least $1,200,000, but it would 
also re'luire additional buildin!{ (OSL'i for space available for the system. Assuming the system 
could tx~ localeciin the reactor buildin!{ without increasing iL'i height, building costs arc estimated 
to bt· another $:>:>0,000. The crt.:dit for avcrted onsite costs is about $n,OOO which brings the cost 
basis to $1,744.000. 

A.5.2.2 Improved Depressurization 

The cost of lh~ additional logic changes. pneumatic supplies. piping and qualification was 
estirnatedfor the GESSAR II design (Reference A-I). A similar cost would be expected for the 
AHWR desibTJ1. The Lost is cstil1lat~d to b~ at Icast $600,000 for an improv~d system for 
deprcssurization. Thiscslirnate assumes no building space incr~ase fur the added eCJuipmenl. 
The credit for avertedonsite (OSLO; was evaluated to be $1,400 which makes the cost basis 
$!19R,600 ... 

A.5.2.3 Suppression Pool Jockey Pump 

The cost of an additional 'imall pump and associated piping is estimated at more than $60,000 
including installation of the equipmt!nt. It is assumed that increases in power supply capacity and 
huilding,spacearenotrequired. Control~ and associaled wiring could cost an additional $60,000 
for a totalcost ofalleast $120,000. A credit of $200 for averted onsite costs makes the cost basis 
S 119.HOO. 

A.5.2.4 Safety Related Condensate Stor.lge Tank· 

Estimating the (ost of upgrading the CST strunure to withstand seismic events requires a de~liled 
structural analysis and resultant material. It is judgcd that the tinal cost increase would be in 
excess of $1.000.000. No credit f(Jr onsitl: cost averted was assumed for this modification. 
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A.5.1.3 Improved Maintenance Procedures/Manuals 

Thl' cost of at least $300,000 would be required to identify comp()nenL~ which should receive 
enhanced maintenance allention and to prepare the additional de~lilcd procedures or 
rc(;ommcnded information beyond that currently planned. Credit for reduction in onsite costs 
reduces the cost hasis to $299,000. 

A.S.2 Decay Heat Removal 

A.5.2.1 Passive High Pressure System 

The cost of a' ; additional high pressure !))'Stem f r core cooling would be extensive since it would 
not only rt'quire additional system hardwar~ which would cost at least $1,200,000, but it would 
also require additional building (OsLo; for space available for the system. Assuming the !))'Stem 
could hc:' locateciin the reactor building without increasing iL'i height, building costs are estimated 
to he another $:i:iO,OOO. The credit for averted onsite COSl$ is about $6,000 which brings the cost 
basis to $1,744,000. 

1\.5.2.2 Improved Depressurization 

The cost of the additional logic changes, pneumatic supplies, piping and qualification was 
estimated Jor the GESSAR II desihTl1 (Reference A-I). A similar cost would be expected for the 
AHWR d(~sib'1). The Lost is estimated to he at least $600,000 for an improved system for 
depressurization. This estimate assumes 110 huilding space increase for the added equipment. 
The credilJor averted onsite costs was evaluated to he $1,400 which makes the cost basis 
$:i9R,600 .... 

A.5.2.3 Suppre.~ion Pool Jockey Pump 

The cost of an additional ~mall pump and associated piping is estimated at more than $60,000 
including ins~lIali()n of the equipm-:nl. It is assumen that increases in power supply capacity and 
buildingspacearenotrequired. Control!' and associaled wiring could cost an additional $60,000 
for a tOlalcost ofallea5t $120,000. A credit of $200 for averted onsi le costs makes the cost basis 
SI14,HOO. 

1\.5.2.4 Safety Related Condensate Stor.tge Tank 

Estimatinglhc cost of uPbTfading the CST structure to withs~nd seismic evenl$ requires a (ict..lilcd 
structural analysis and resul~nt material. It is judged that the tinal cost increase would be in 
excess of $1,000,000. Nu credit {'{JI' onsitl: ('ost averted was assumt:Ci for this modification. 

Rev I 



, . , . 
~5A56HO 

A.5.3 Containment Capability 

A.S.3.1 Larger Volume Containment 

Doubling the containment volumt" rCfJuircs .in increase in 'he concrete and rebar. If structural 
(oSLO; of the cOllt.linlllent can be made for S 1 ,200/ft7, doublinK the containment volume without 
increasing iL'! height, the cost would be iltleast $8,000,000. nlis estimate docs not include 
n:analysis and other documentation C()sL~. Since this modification is mitigative, no credit 1"0. 
onsite averted COSl.'i was assumed. 

&: A.S.3.2 Incre~e~ .. ~.?~_~ent Pressure Capacity 

The cost of a stronger containment design would be similar in magnitude to increasing iLS size 
(Subs('Clion A.5.~.l). If the C()sL~ are primarily due to denser rebar required during installation 
and additional analysis, an ('stilllatc of at least S 1 ~,OOO,OOO could be required. Since this 
modification is mitigative., no credit for onsite averted COSLS was assumed. 

A.5.3.3 Improved Vacuum Breakers 

The (OSLoI' n:dundant vacuum hn'akers including installation and hardware is estimated at more 
than S to,OOO per line. Instrumentation a"sociated with this modification is not included. For the 
eight lines the cost of this modificllion is more than $100,000. Since this modification is 
rnitigat;v(:, no cn:dit for onsite averted COSL'I was assumed. 

A.5.3.4 Improved Bottom Pt:netration Design 

The cost increase of using a stainless or inconcltransition piece as opposed to carbon steel would 
I)e expected to be small in comparison to the engir.~ecrinK and documentation change costs 

'ciated with the change. Costs, ,l'lsocialed with external welds and support for the CRDs is 
,,' 1 to he at least ~lOOO per drive. In addition, a~)lJt S500,OOC of analysis would be required 
icvc\op thechanges~ This would dominate the cost of this modification when applied to all 

~05 drives. Such changes are estimated to be at least $750,000. 

Since this modiflcation is mitigative, no credit for averted onsite COSLS applies. 

A.5.4 Containment Heat Remoy.u 

A.5.4.1 Larger Volume Suppression Pool 

This concept would rc.'sult in Similar C()SL~ as item Subsection A5.:\.1 for providing a larger 
1.()nl~lilllT1enL All estimate of SH,OOO,OOO i., assigned to this item. 

A.S.5 ContaUwlent Atmosphere Mass Remoy.J 
A.S.5.1 Low flow Filtered Vent 
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A.5.3 Containment Capability 

A.5.3.1 Larger Volume Containment 

I )ouhling the cont.ainment volume rCfJuires ,m increao;c in 'he concretc and rebar. If structural 
cost'i of the n)()t~linment can be made for $1 ,200/ft', doubling the containment volume without 
increa ... ing it" height, the cost would be iltleast $8,000,000. This estimate docs not include 
n.:analysis and other documentation cost". Since this modification is mitigative, no credit 1'0. 
ollsite averted costs was assumed. 

A.5.3.2lncre~e~_~.~_~_~ellt Pressure Capacity 

The cost of a stronger containment design would be similar in magnitude to increasing its size 
(Suhsl'nion A.!l.~.l). If the CoSL'i art" primarily due to denser rehar required during installation 
.lnc! additional analysis, an {'stimate of at least S 12,000,000 could be refJuired. Since this 
modification is mitigative., no ([edit for onsite averted costs was assumed. 

A.5.3.3 Inlproved Vacuum Breakers 

The (osl.of n.~dundallt V'.lcuum breakers including installation and hardware is estimated at more 
than $ to,OOO per line. Instrumentation a"s(lCiated with this modification is not included. For the 
eight lines thccoslof this modilicllion is more than $100,000. Since this modification is 
rnitigat;vc. no cn.:dit for onsite averted CoSL'i was assumed. 

A.5.3.4 ~proved Bollom Pt:netratioll Design 

The cost increase of using a stainless or incollcltransition piece ali opposed to carbon steel would 
I)C cxpectt~d to he small in comparison lO the engirJeering and documentation change costs 

'cialed with the change. Costs, associated with external welds and support for the CRDs is 
C'I' 1 to be at Icast $1000 per drive. In addition, arx)lJt $500,000 of analysis would he required 
icvelop the changes. This would dominate the cost of this modification when applied to all 

~05 drives. Such changes are estimated to be at least $750,000. 

Since this modification is mitigative, no credit for averted onsitc costs applies. 

A.5,4 Contairunent Heat RemoV'.u 

A.5,4.1 Larger Volume Suppression Pool 

This concept would rc.'sult in Similar C()SL~ as item Subsection A5.:\.1 for providing a larger 
1.()nl~linlT1enL All estimate of SH.OOO,OOO i., assigrwd to this item. 

A.S.5 Contairwlent Atmosphere Mass RemoV'.J 
A.S.5.1 Low flow Filtered Vent 
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The cost of added equipment associated with the FILTRA system (excluding a test program) was 
estimated to bc.~ about $5,000,000 in Reference A-4. Although a detailed estimate was not 
prepared for the ABWR, an estimate of $3,000,000 has been assumed for the purpose of this 
CV.lIUalioll. 

Sinn' . his modification is mitigative. no credit for averted onsite costs applies. 

A.5.6 Combustible Gas Control 

No Mlditional modifiGltions to the ABWR were ident.ified in this group. 

A.5.7 Containment Spray Systems 

A.5.7.1 DryweU Head Flooding 

An .tdrlitional line to flood the drywell head using existing firewater piping would be a relatively 
incxpcnsive addition to the current system. Instrumentation and contruls to permit manual 
control frolll the control room would be neerkd. It is estimated that the total modification cost 
would bt:at least $100,OOUJor the engineering. piping. valves andcabling: 

B~:cause this modifiqtion is mitigative. no credit for averted onsite costs has bern applied. 

A.5.8 PreventionCQncepts 

A.5.8.1 AdJitionaJ Service Water Pump 

TIl{: liSt' or diverse instrument~ilion would not presumably have a significant eqUIpment cost. but 
there would bt: an increased cost of maintenance and spare parl'l due to less interchangeability 
and less sl~\Odardil.ation of procedures. 

These cos"ts. however.are probably low in comparison with the extra support systems for air 
supply andserviceW::.l~er. EquipmtH ll. power supplies and structural changes toinclude these new 
systen:s arc estimated .to COS! at least $6,000,000. A small credit for averted onsite costs makes the 
(Osl hasis for this item $5.999.000. b'L'\cd on the bc.:nclits discussed in Subsections A.4.1.3 and 
A5.1.:\. 
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The cost of added equipment associated with the FILTRA system (excluding a test program) was 
estimated to bt~ about $5,000,000 in Rderence A-4. Although a detailed estimate was not 
prepared for the ABWR, an estimate of 53,000,000 has Ocen assumed for the purpose of this 
eVclluiltioll. 

Sinn' . ~is modification is mitigative, no credit for averted onsitc costs applies. 

A.S.6 Combustible Gas Control 

No additional modifications to the ABWR were ident.ificd in this group. 

A.5.7 Containment Spray Systems 

A.S.7.1 DryweU Head Flooding 

An additional line to flood the drywell head using existing firewater piping would be a relatively 
inexpensive addition to the current system. Instrumentation and contrdls to permit manual 
control from the (onlrol room would he needed. It is estimated that the total modification cost 
would beat least SlOO,OOUJor the en..,ri.neering, piping, valves andcabling~ 

Because this rTlodificc.\lion is mitigative, no credit for averted onsite costs has been applied. 

A.5.B Prevention Concepts 

A.S.B.I AdJitionalService Water Pump 

TII(: llSt' of diverse instrumentation would not presumably have a significant eqUIpment cmt, but 
there would bt~ an increased cost of maintenance and spare parL'i due to less interchangeability 
and less slandarciil,atioll of pron:dures. 

These costs, however,. are probably low in comparison with the extra support systems for air 
supply and serviceY(clter. Equipme .. 1t. power supplies and structural changes to include these new 
SystclllS are estimated to cost at least $6,000,000. A small credit for avcrtedonsite costs makes the 
(Ost ha ... is for this item $5,999,000, ba.sed on the benefits discussed in Subsections A.4.1.3 and 
A.!l.l.:\. 
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A.5.9 AC Power Supplies 

A.S.9.1 Steam-Driven Turbine Generator 

The cost of the system should be similar to that for the RCIC system, but additional cost would be 
needed for structural change;) to the reactor building plus the generator and its controls. This 
item is expected to cost atlca.st $6,000,000. 

With credit for averted omite COSL'I, the cost basis for this item becomes $5,994,300. 

~ A.S.9.2 Alternate Pum~Power Source 

A typical fcedwater pump for an ABWR sized plant could require a 4000 kWe sized generatol, at 
$300 per kWe, a separate diesel generator and the supporting auxiliaries could cost at least 
$1,200,000. This (ost would include wiring and installation of the alternate generator, but does 
not aSSUIlH' additi,malstructural CosL'i. 

With credit for averted ollsite costs, the cost basis for this item becomes $1,194,000. 

A.S.I0 DC Power Supplies 

A.S.I0.1 Dedicated DC Power Supply 

Fuel cells are largely a developmental technology, at least in the large size range required for this 
application. In addition the process involves some risk of fire. To address these concerns a cost 
of at ka.'it $6,000,000 would tx- expected. A separate battery would be less expensive than fuel 
cells, hut would involve additional space requirements which could make this modification more 
expensive than adding a diesel generator as discussed in Subsection A.5.9.2. 

A naltery hank capable of supplying 400 kWe would Le about 50 times larger in capacity than the 
emergency hatteri.es. This number of hatteries would require at least 5,000 ft2 of space, assuming 
extensive Slacking and without concern for seismic response. At $500/[t' construction cost, the 
additional space required would amount to $2,500,000 for this modification. Additional coSL'I 
w(HlId he rCfluirl'd for DC pumps, cahling and instrumentation and controllers. A total cost 
would b<· at least $3,000.000. 
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A.5.9 AC Power Supplies 

A.S.9.l Steam-Driven Turbine Gener.ltor 

The cost ol'the system should be similar to that for the RCIC system, but additional cost would be 
needed for structural change:'I to the reactor building plus the generator and its controls. This 
item is {~xpected to cost at least $6,000,000. 

With credit for averted on~ite costs, the cost basis for this item becomes $5,994,300. 

A.S.9.2 Alternate Pum'J Power Source 
4 

A typical feedwater pump for an ABWR sized plant c(>uld require a 4000 kWe sized generat01, at 
$300 per kWe, a separate diesel generator and the supporting auxiliaries could cost at least 
$1,200,000. This ((lst would indude wiring and installation of the alternate generator, but does 
not assullle addili,Hlal structural COSL'i. 

Wi th cred i 1 for averted onsi te COSL'i, the cost basis for lh is item bccom es $1 , J 94,000. 

A.S.IO DC Power Supplies 

A.S.I0.l Dedicated DCPower Supply 

Fuel cells are largely a developmental technology, at least in the large size range required for this 
application. In addition the process involves some risk of fire. To address these concerns a cost 
of at least $tl,OOO,OOO would br expected. A separate battery would be less expensive than fuel 
n:lls, hut would involve additional space requirements which could make this modification more 
l'xpcnsive than adding a diesel generator as discussed in Subsection A.5.9.2. 

Ahaltery hank capable of supplying 400 kWe would Le about 50 times larger in capacity than the 
emergency hallcries. This number of hatteries would require at least 5,000 ft f of space, assuming 

.. extensive stacking andwithoutconcem for seismic response. At $500/ft' construction cost, the 
addiLionalspacc required would amount to $2,500,000 for this modifi.cation. Additional COSL'I 

w(Hild lx' required for DC pumps, cahling and instrumentation and controllers. A total cost 
would t)(' at kast S3,OO(U)()O. 
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A.S.ll A lWS Capability 

A.S.Il.I ATWSSizedVent 

Larger pipillg and Mlditional trailling would be required to extend the existing rupture disk 
feature to he available during all ATI\,S ~venl. Additional instrumentation and cabling would be 
rC(juin:d tn make tht· vnH opt:rahk from the control room. It is estimated that the incremental 
(list would be at !e;LSt S:~()O,OO(). 

A.5.12 Sci.·,mit. Capability 

. Nnmodifications were considered for this hTfouP. 

A.S.13 System Simplification 

A.5.13.1 Reactor Building Spr ... ys 

The rost 01 this modification is judged to be similar to the concept of drywell head flooding 
(Suhset'lion A.5 .. S.I) if it ;nlyinvolvcs pipingand valves which are tied into the firewater system . 

. An ('Stimat~: ofS100,OOO .1,t'el1 assigilcd to this item.' , 

()llsilt· rkanup (OSL'i also could be affected by this modificllion. If the cleanup costs were 
climinatcdall ,\vcrted (ost would lOIlSt:rv,\tively be about $5,000. 

,. A.5.14 Core Retention Device-.5 

A.5.14.1 Flooded Rubble Bed 

Reference A-4 estimated that the refractory material needed for this modification would cost 
approximatdy S l,nOO/lh. If the lower drywcll were filled with ahout 1.5 ft of this material, which 
would n~rnain well bdow.the service platform, at least 1250 ft' of material would be required. If it 
~t:ighs I!) lh/ft\thenpterial cost alone would amount to $18,750,000. 

A.6 t..--VALUATION OF POTENTIAL MOnIDCATlONS 

A ranking of the modifications by $/pcrson-rt'm avertt:d is shown in Table A·7 h<L'icd on the 
fl'suIL'i and .estimates provided in Sections A.4 and A.5. 

The lowest (ost/person-rem averted modification is mort: than 1600 times tht: target criteria of 
Sl,()()() per person-rem averted. (:kMly none of the modifications is justifiable on the h'L-;is of 
losL-; for person·rem averted. This can ht' allrihuted to the low prohability of core damage in the 
AHWR with the IlwclitiGltions to reduce risk already illstalled. 

Rev I 

t' , • 

25A5680 

A.S.ll A lWS Capability 

A.S.ll.l A TWS Sized Vent 

l.ar~n pipillg and additi()nal traillil1~ would be n:quired to extend the existing rupture disk 
feature to he av.lilahle durin~ an ATI\,S t:venl. Additional instrumentation and cabling would be 
rC(juircd to nuke tht' vent opnahk from the control room. It is estimated that the incremental 
(list would he at !e;L'i( $~~()(),OOO. 

A.5.12 ScLo;mil. Capability 

. Nomodificatinnswereconsidered for this bTfouP. 

A.5.13 System Simplification 

A.5.13.1 Reactor Building Spr.lys 

Tht" cost 01 this modification is jud~ed to be similar to the concept of drywell head flooding 
(Suhsl'ctiOl) A55.1) if it ;nly involves pipingand valves which are tied into the firewater system. 
AI1l'Slimat(:of$100,OOO I l,t:en assigllcd to this item.' 

()l1sil(' ckanup COSL"i also could be affected hy this modification. If the cleanup costs were 
diminatcc\an averted (ost would lonserv,ltiveiy be about $5,000 . 

. A.5.14 Core Retention Device-.5 

A.5.14.1 Flooded Rubhle Bed 

Rcfcrt'l)(T A-4 estimated that the refractory material needed for this modification would cost 
approximately S I ,OOO/lh. If the lower drywell were filled with about 1.5 ft of this material, which 
would rt:main well bdowthe service platform, at lea.st 1250 ft' of materia.l would be required. If it 
~{;ighs 1~lh/ft\lhen1aterial cost alone would amount lO $18,750.000. 

A.6 t..--VALUATION OF POTENTIAL MOnmCATlONS 

A ranking of the modifications by S/person-rem averted is shown in Table A-7 ha.<;ed on thc 
fcsulL'i and .cstilll<1tes provided in Sections A.4 and A.5. 

The lowest (Osl/pnson'rem averted modification is more than 1600 times the target criteria of 
$1 ,OO() pc:r persoI\·rem averted. (:kMly none of the modifications is justifiahle on the h'L-;is of 
losL-; for pers()ll-rem averted. This can ht' allrihu(ed to the low prohability of core damage in the 
AHWR with the IlwciiliGltions to reduce risk already illstalled. 
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A. 7 SUMMARY OF CONCLUSIONS 

Potentially attractive modifications were identified from previous evaluations of potential 
prevention and mitigation cOnCepL'i applicable during severe accidents and discussion with the 
NRC staff. Potential modifications were reviewed to select those which are applicable to the 
ABWR design and which have not already been implemented in the design. Of these 
modifications. twenty one were selected for additional review. 

The low level of risk in the ABWR is demonstrated by the total 60 year offsite exposure risk of 
0.269 person-rem. At this level only modifications which cost less than $269 can be justified. 

B~L'icd on thislowlevcl no modifications are justified for the ABWR. Based on the PRA results, 
none of the modifications provided a substantial improvement in plant safety. 

A.S REFERENCES 

A-I Evaluation of Proposed Modifications to the GESSAR II Design. NEDE 30640 
(Proprietary},.June 1984 . 

. A.,.2 Supplement to the fir.al Envinmmental Statemer1t.~ ~.\merick Geflerating S,tation, Units 1 
and 2. NUREG-0974 Supplement. August 16, 19.~~ ... 

A-3 Issuance of Supplement to the Final Environmental Statement- Comanche Peak Steam 
Electric Station, Units 1 and 2, NUREG 077.5 Supplement. December 15, 1989 

A-4 Survey of the State of the Art in Mitigation Systems, NUREG/CR-3908, R&D Associates, 
lket:mher 19H!) 

A-!i 

A-6 

A·7 

A-H 

A~sessment of Severe Accident Prevention and Mitigation Features, NUREG/CR-4920, 
Brookhaven National Lahoratory,July 1 ~:}~. 

Desil-,TJ1 and Feasibility of Accidem Mitigation Systems for Light Water Reactors, 
NUREG/CR-4025, R&D Associates, August 1985 

Severe Accident Risk.c;: An A'isessment for Fivc US Nuclear Powcr Plants, NUREG 1150, 
January 1991. 

Technical Guidance for Siting Criteria Development, NUREG/CR-2239. Sandia National 
Laboratories, December 19H2. 
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A. 7 SUMMARY OF CONCLUSIONS 

Putemially attraClive modifications were identified from previous evaluations of potential 
prevention and mitigation cOnCepL'i applicable during severe accidents and discussion with the 
NRC stafT. Potential modifications were reviewed to select those which are applicable to the 
AHWR desit{rl and which have not already been implemented in the design. Of these 
modifications, twenty one were selected for additional review. 

The low kvel of risk in the ABWR is demonstrated by the total 60 year ofTsite exposure risk of 
0.269 person-rem. At this level only modifications which cost less than $269 can be justified. 

ItL'icd on this low level no modifications are justified for the ABWR. Based on the PRA results, 
none of the modifications provided a suhslantial improvement in plant safety. 

A.8 REFERENCES 

A-I Evaluation of Proposed Modifications to the GESSAR II Design, NEDE 30640 
(I'roprie~lry) ,.June 1984. 

A-2 Supplement to the fir.a! Enviq>nmental Statement~ Lim~rick Generating ~tation, Units I 
and 2, NUREC;"'{)974 Supplement, August 16, 19~~? . " 

A-3 Issuance of Supplement to the Final Environmental Statement- Comanche Peak Stearn 
ElectricStation, Units I and 2, NUREG 077.5 Supplement, December IS, 1989 

A-4 Survey of the Slate of the Art in Mitigation Systems, NUREG/CR-3908, R&D Associates, 
lkcemher 1985 

A·!) 

A-6 

A-7 

A-8 

A'isessment of Severe Accident Prevention and ~1itigation Features, NUREG/CR-4920, 
Brookhaven National Lahoratory, July 1 ~:)H. 

IksibTt1 and Feasibility of Accident Mitigation Systems for Light Water Reactors, 
NUREG/CR-4025, R&D Associates, August 1985 

Severe Accident Risks: An A'isessmcnt for Five US Nuclear Power Plants, NUREG I 150, 
January 1991. 

Tc.~chnical Guidance for Siting Criteria De\lc!opmcnt, NUREG/CR-2239, Sandia National 
Lahoratories, December 1982. 
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Table A-l 
Radiological Consequences of ABWR Accident Sequences 

Whole Body Cumulative Exposure 
Probability Exposure, 50 mile Risk 

Case (Event/year)· (person-rem) (per-rem/60 yr) 

NeL 1.3E .. 07 9.60E3 0.075 

1 2.1 E-08 1.38£4 0.017 

2 7.8E-}} 8.33£3 0.00004 

3 0 3.71E.5 0.000 
.... 

4 () 2.06£5 0.000 

f) 75E-12 9:34E4 0.00004 

6 :1.IE-12 2.42E6 0.0004 
-

7 :~.9E-II) 2.73E6 0.064 
-

H 4.1 E-1O 3.20E6 0.079 

9 1.7E-IO 3.31 E6 0.034 

Total: 0.269 

* SCCJllCf1('CS wilh probabilitics of occurrence less than I E-9 per year are consigercd remole 
and spet;ulativc. 
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Table A-l 
Radiological Consequences of ABWR Accident Sequences 

Whole Body Cumulative Exposure 
Probability Exposure, 50 mile Risk 

Case (Event/year)- (person-rem) (per-rem/60 yr) 

NeL 1.3E .. 07 9.60E3 0.075 

1 2.1 E"()8 1.38E4 0.017 

2 7.8E .. l1 8.33E3 0.00004 

3 .... 0 3.71£5 0.000 

4 0 2.06E5 0.000 

:1 75E-12 9.34E4 0.00004 

6 :I.IE-12 2.42£6 0.0004 
-

7 :1.9F-11) 2.73E6 0.064 
-

R 4.1 Fool 0 3.20E6 0.079 

9. 1.7E-IO 3.31 £6 0.034 

Total: 0.269 

* SCCJllences wilh prohabilities of occurrence less lhan 1 E-9 per year are considered remole 
and spcculalive. 
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Table A·2 
Core Damage Frequency Contributors· 

Event Sequence 

Init. % 
Ev~nt lA lBI IB2 IB3 10 II IIID IV Total Cont. 

~Ttilll I.IE·OH 4.~E·IO 9.5E·1 ~ 1.1E-08 7.~ 

Turhill/" (i.HE·m 2.7E·IO :-S.7E·ll 7.1 E.()lJ 4.5 
Trip 

Is( ,Iali( 11\ I.HE..()H 7.1 E·I u 1.1 E·II 1.9E"{)8 11.9 

LOOP'2 4.IE·m 1.5E·II 4.2E·I~ 4.1 E-09 2.6 

I .. OOPF! . 2:4E..()9 9.oE 12 1.4E·12 2.4E-09 1.5 

UH)PH+ 5.HE-I () 1.1 E"{~I (i.OE·II 1.7E-09 1.1 

SHU2 (i./iE·12 ti.7fAlS 5.7E-08 42.9 

SIH)8 2.I;E-08 2.6E-08 16.7 

:,IH )/01+ 1.5E"{)H )01.~IE·I 0 1. 6 E"{) 8 IO.~ 

r InKV 1.1 E"{l~l VlE·IO ~1.5E·I~ UE~) 0.8 

SB 2.5E·lO :.I.5E·IO 0.2 
L()CA , ." , ". " 

ATWS 1.51-:·10 1.5E·IO 0.1 
--

TOTAl. 44E-O/ol :!.IiE·OS 1.::.[·01{ H.!l E· HI 7 ()E·OH 1.1 E·I 0 :!.5E·1O I.:'E·IO J.57E..{)7 100 t 
I.'·.' .. ·· .. ·•·. 

f 
f 

Offsite Releas~ Group 

LCHP SBRC LCLP UIRC LBLC ATWS Totalc-e 

C;lM'1 ~.4E-09 7.~IE·1O I. (iE-OB 5.1 E·II '. 2.0E..{)8 
~ 

(:a·w:.! 7.8E·II 7.8E·11 

(:;l. ... (. ~ I.~E·12 I.~E·12 
----

(:;L"" 4 0 

C:;L,\(' :) 6.~E·12 5.~E·12 

(~'\(' Ii 1.2E·HI 1.2E-1O 

(~ ... (" 7 1.1 E·I () 2.6[·10 ~.70E·1O 

(:a."'~ K 2.1 E·IO 2.IE·10 

( :';t,.<;(" () I 1 E·12 I.5E-IO 1.5E·1O -
r-.;Cl. (r-.;) 4.0E-08 I . !"d':'(JI{ 8.lIE-08 :.I.OE·iO 1.4[·07 

TOlal 4.4E·fI8 1.(iE-OK ~){iE·{)H 1.1 [-12 :.I.5E·1O 1.5E·IO 1.571-:-07 

C:olllrih '.{, 28 I 1 O. ~ Ii 1.4 O.I:.!:.! 02 O. I 100 

• SAMDA." include both preventivc and mitigative design ;dterrLllives 
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Table A·2 
Core Damage Frequency Contributors· 

Event Sequence 

Init. % 
Ev~nt lA lBI IB2 IB3 10 II IIID IV Total Cont. 

~Ttilll I.IE·OH 4.~E·IO 9.5E·1 ~ 1.1E-08 7.~ 

Turbill/" (i.HE·m 2.7E·IO :-S.7E·ll 7.1 E.()lJ 4.5 
Trip 

Is( ,Iati( 11\ I.HE..()H 7.1 E·I u 1.1 E·II 1.9E"{)8 11.9 

LOOP'2 4.IE·m 1.5E·II 4.2E·I~ 4.1 E-09 2.6 

I .. OOPF! . 2:4E..()9 9.oE 12 1.4E·12 2.4E-09 1.5 

UH)PH+ 5.HE-I () 1.1 E"{~I (i.OE·II 1.7E-09 1.1 

SHU2 (i./iE·12 ti.7fAlS 5.7E-08 42.9 

SIH)8 2.I;E-08 2.6E-08 16.7 

:,IH )K+ 1.5E"{)H )01.~IE·I 0 1. 6 E"{) 8 IO.~ 

r InKV 1.1 E"{l~l VlE·IO ~1.5E·I~ UE~) 0.8 

SB 2.5E·lO :.1.5E·IO 0.2 
L()CA , ." , ". " 

ATWS 1.51-:·10 1.5E·IO 0.1 
--

TOTAl. 44E-OK :!.IiE·OS 1.::.[·01{ H.!l E· HI 7 ()E·OH 1.1 E·I 0 :!.5E·1O I.:'E·IO J.57E..{)7 100 t 
I.'·.' .. ·· .. ·•·. 

f 
f 

Offsite Releas~ Group 

LCHP SBRC LCLP UIRC LBLC ATWS Totalc-e 

C;lM'1 ~.4E-09 7.~IE·1O I. (iE-OB 5.1 E·II '. 2.0E..{)8 
~ 

(:a·w 2 7.8E·II 7.8E·11 

(:;l. ... (. ~ I.~E·12 I.~E·12 
----

(:;L"" 4 0 

C:;L,\(' :, 6.~E·12 5.~E·12 

(~'\(' Ii 1.2E·HI 1.2E-1O 

(~ ... (" 7 1.1 E·I () 2.6[·10 ~.70E·1O 

(:a."'~ K 2.1 E·IO 2.IE·10 

( :';t,.<;(" (I 1 1 E·12 I.5E-IO 1.5E·1O 
-

S(:L (S) 40E·08 I.:,E..()/{ B.lIE-08 20E·1O I.4E..{)7 

Total 4.4E"{)8 lliE..{)K ~)(iE"{IH 1.1 [·12 2.5E·IO 1.5E-IO 1.57E'{)7 

CUlllri)' '{, 28.1 1 O. ~ Ii 1.4 () 122 O.:.! 0.1 100 

• SAMDA. ... include both preventive and mitigativl' (It-sign alternatives 
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TableA-3 
Modifications Considered 

Modification 
ACCI[)ENT MANAGEMENT 

a. Severe Accident EPGs/ AMGs 

h. Computer Aided Instrumentation 

r. llflprovcd Maintenance Procedures/Manuals 

d. Preventive Maintenance Features 

e. Improved Accident Management Instrumentation 

f. Remote Shutdown Station 
.'-_ ............. , .. ". <."".c.--,,._, 

g. Security System 

h. Simulator Training for Severe Accident 

REACTOR DECAY HEAT REMOVAL 
' ..... ,. 

a. Passive High Pressure System 

h. Improved Depressuriz.ation 

c Suppression Pool Jockey Pump 

d. Improved High Pressure Systems 

c. Additional Active High Pressure System 

r. Improved Low Pressure System (Firepump) 

g. Tkclicated Suppression Pool Cooling 

h. Safety R~lated Condensate: Storage: Tank 

I. 16 hour S~ltion H1ackou( Injection 

.J lrnprovt~d Recirculation Model 

c()NTAINMENT CAPABILITY 

a. Larger Volume Containment 

h. Increased Containment Pressure Capacity 

c Improved Vacuum Breakers 

d. 111l;r<.~a.~ed Temperature Maq.,rin for St'als 

{". Improvt:d Leak Detection 

f. Suppression Pool Scrubbing 

g. Improved Bottom Penetration Desif.,TT1 ."' 

25A5680 

Category 

2 
2 
2 
4 

4 

1 
1 
4 

2 
2 
2 
1 
I 
I 

I 

2 

4 

4 

2 
2 

2 
1 

I 

1 
2 
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TableA-3 
Modifications Considered 

Modification 
ACCIDENT MANAGEMENT 

a. Severe Accident EPGs/ AMGs 

h. Corn puter Aided Instrumentation 

r. I III proved Maintenance Procedures/Manuals 

d. Preventive Maintenance Features 

c. Improved Accident Management Instrumentation 

f. Remote Shutdown Station 
.' v~_.""""' .. '."'",_"·_ ... , 

g. Security System 

h. Simulator Training for Severe Accident 

REACTOR DECAY HEAT REMOVAL -' 

a. Passive High Pressure System 

h. Improved Depressuril.ation 

c Suppression Pool Jockey Pump 

d. Improved High Pressure Systems 

Co Additional Active High Pressure System 

r. Improved Low Pressure System (Firepump) 

g. Dedicated Suppression Pool Cooling 

h. Safety Rdated Condensate Storage Tank 

I. III hour Sl<ltion Blackout Injection 

J Improved Recirculation Model 

C()NTAINMENT CAPABILITY 
a. Larger Volume Containment 

h. Increased Containment Pressure Capacity 

L Improved Vacuum Brt~akers 

d. Im:f(~a.~ed Temperature Marhrin for Seals 

c. Improved Leak Detection 

L Suppression Pool Scruhbing 

g. Improved BOllom Penetration Dcsif..,TT1 ." 

25A5680 

Category 

2 
2 
2 
4 

4 

1 
1 
4 

, 

2 
2 
2 
1 
1 
1 
1 
2 

4 

4 

2 
2 
2 
1 

1 
1 
2 
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, 25A5680 

li Table A-3 (Continued) 
I 
.1 

Modification Category 
4. C()NTAINMENT HEAT REMOVAL 

a. Larger Volume Suppression Pool 2 
h. CUW Decay Heat Removal 1 
c. High Flow Suppression 1'001 Cooling 1 
d. Passive Overpressure Relief 1 

5. CONTAINMENT ATMOSPHERE MASS REMOVAL 

.~. a. liig!1~.F19y.' UnfilLered VCnl 3 
h. High Flow FiILered Vent 3 
c. Low Flow VC!H (Filtered) 2 
d. Low Flow Vent (Unfiltered) 1 

6. COMBUSTIBLE GAS CONTROL 

a. Post Accident Inerling System 3 

b. Hydrogen Control hy Venting 3 

c. Prc-incning 1 
d. IgnitionS~tems 3 

> ••• 

e. Fin:Suppression System Inerting 3 
'. 

7. (:( )NTAINMF.NT SPRAY SYSTEMS 

a. Drywell Head Flooding 2 

h. Containment Spray Augmentation 1 

8. PREVENTION CONCEPTS 

a. Additional Service Water Pump 2 
b. Improved Operating Respom.: 1 

c. Diverse Injection S~tem 4 

d. Operating Experience Feedhack I 

e. Improved MSIV /SRV Design 1 

9. AC PO\VER SUPPLIES 

a. Stearn Driven Turbine Cenerator ..... .. - .. 2 

h. Alternate Pump Power Source '2 

L lklt:ted 

d. Additi()nal Diesel (;encrator I 

Rev 1 
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Table A-3 (Continued) 

Modification Category 
4. UJNTAINMENT HEAT REMOVAL 

a. Larger Volume Suppression Pool 2 
h. CUW Decay Heat Removal I 
c. High Flow Suppression 1'001 Cooling I 

d. Passive Overpressure Relief I 

5. CONTAINMENT ATMOSPHERE MASS REMOVAL 

a. HigtLf19~ Unfiltered Vent 3 
h. High Flow Filtered Vent 3 
c. Low Flow Vent (Filtered) 2 
d. Low Flow Vent (Unfiltered) I 

6. COMBUSTIBLE GAS CONTROL 
a. Post AccidcntInerting System 3 
h. Hydrogen Control by Venting 3 
c. Prc-inening 1 
d. Ignition·,Systems 3 

, -". 
c. FircSuppression System Inerting 3 

. . 
,-.' 

7. C< )NTAINMF.NT SPRAY SYSTEMS 

a. Drywell Head Flooding 2 

h. COnlainment Spray Augmentation 1 

H. PREVENTION CONCEIYfS 

a. Additional Service Watcr Pump 2 

h. Improved Operating Respom..: 1 

c. Diverse Injection System 4 

d. Operating Experience Feedhack 1 

e. Improved MSIV /SRV Design 1 

9. A(: POWEK SUPPLIES 

a. Stearn Driven Turbine Cenerator .... .•. ; .. 2 
h. Alternate Pump I'owt:r SOllrn' '2 

l. Deleted 

d. Adclitiollal Diesel (;ellcrator 1 
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Table A-3 (Continued) 

Modification Category 
9. (Continued) 

c. I ncreased Electrical Divisions 1 
f. Improved UninterruptaL . .: Power Supplies I 
g. AC Bus Cross-ties 1 
h. Gas Turbine 1 
I. Dedicated RHR (bunkered) Power Supply 4 

10. ue EOWERSUPPLlES 

a. Dedicated DC Power Supply 2 
h. Add i l:onalBalte ri cs/ Divisions 4 

c. Fuel Cells 4 

d. l)C Cross-ties I 
c. EXlend(~d Station Blackout Provisions 1 

IJ. ATWS CAPABILny 

a. A TWS Sized Venl 2 
b. Improved ATWSCapability 1 

12. SEISMIGGAPABILITY 

a. InCTea..<;cd Seismic ~..lrgins I 

h. In:q~ral Ba..<;emat 3 

I :~. SYSTEM SIMPLIFICATION I 
a. Reactor Building Sprays 2 
h. System Simplification I 

c. Redunion in Reactor Bldg Flooding , ...... ',H~ I 

14. CORE RETENTION DEV1CES 

a. Flooded Rubble Bed 2 
h. Reactor (:avi ly Flooder I 

c. Basaltic Cements I 

Rev 1 
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Table A-3 (Continued) 

Modification Category 

9. (Continued) 

c. I ncreascd F..leclrical Divisions 1 
f. Improved UninterruptaL . ..: Power Supplies I 

g. AC Bus Cross-ties 1 
h. Gas Turbine 1 
I. Dedicatcd RHR (bunkcred) Power Supply 4 

10. . DCEDWERSUPPLlES 

a. Dedicated DC Power Supply 2 
h. Addit:onal Ballcrics/Divisions 4 

c. Fuel Cells 4 

d. l)C Cross-ties 1 
c. Extended St<1tion Blackout Provisions 1 

Il. A TIVS CAPABILrIY 

a. ATWS Sized Vent 2 

h. Improved ATWSCapability 1 

12. SEISMIC· CAPAB I UlY 
a. Increased Seismic ~..irgins 1 

b. In:,q~ral Ba..'iemat 3 

1 :~. SYSTEM SIMPLIFICATION I 
a. Reactor Building Sprays 2 
h. Syslem Simplification 1 

c. Reduction in Reactor Bldg Flooding , ..... ,,-<>.- 1 

14. (;( )RE RETENTION DEVlCES 

a. Flooded Rubble Bed 2 
h. Reactor (:avi ly Flooder 1 

c. Ba..'\altic Cements 1 
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1. Accident Management 

2. Decay Heat Removal 

"''''''~'''~'-..'''''' .- .. " ---. , 

3. Containment Capability 

4. (:()Jll~lillmt~nl Heal 
Removal 

r;' 
.l- Contairnncnt Atmosphere 

(~as Removal 

7. Containment Spray 
r---

H,. Prevention COnCepL'l 

9. ACPower Supplies 

I (). DC Power Supplies 

11. A TWS Capability 

1 :\. System Simpliticuion 

14. (:nrc Retention Devices 

l...-.- I 
" 

Table A-4 
Modifications Evaluated 

1 a. Severe Accident EPGs/ AMGs 

lb. Computer Aided Instrumentation 

Ie. Improved Maintenance Procedures/Manuals 

2a. Passive High Pressure System 

2h. 1m proved Depressurization 

2e. Suppression Pool Jockey Pump 

2d. Safety Related Condensate Storage Tank 

3a. Larger Volume Contain.nent 

3h. Increaseri Containment Pressure Capability 

~c Improved Vacuum Breakers 

3d. Improved Bottom Head Penetration Design 

4<1. Larger Volume Suppression Pool 

5a. Low Flow Filtered Vent 

7a. Drywell Head Flooding 

841. Ariditional Service Waler Pump 
,,~- ·000, 

9<1. Steam Driven Turbine Generator 

9b. Alternate Pump Power Source 

lOa. Dedicated DC Power Supply 

l1a. ATWS Sized Vent 

1 :h. Reactor Builriing Sprays 

14a. Flooded Rubble Bed 

~5A56R() 
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1. Accident Management 

2. Decay Heat Removal 

~- .. .. , ...... -- ...... "-.,.-"-.~ .. -. .. 

3. COlll<linment Capability 

4. C(}nt~linmcnl Heal 
Removal 

r,-
. l. Containinent Atmosphere 

(~as Removal 

7. Containment Spray -. 
H. PrevcnJion COliCepL'i 

9. ACPower Supplies 

I (). DC Power Supplies 

11. ATWS Capability 

I :1. System Simplification 

14. (:nre Retc.~lItion Devices 

~ I 

Table A-4 
Modifications Evaluated 

1 a. Severe Accident EPGs/ AMGs 

lb. Computer Aided Instrumentation 

Ie. Improved Maintenance Procedures/Manuals 

2a. Passive High Pressure System 

2h. Improved Depressurization 

2c. Suppression Pool Jockey Pump 

2d. Safety Related Condensate Storage Tank 

3a. Larger Volume Contain.nent 

3h. Increaseci Containment Pressure Capability 

?'c Improved Vacuum Breakers 

3d. Improved Bottom Head Penetration Design 

4a. Larger Volume Suppression Pool 

5a . Low Flow Filtered Vent 

7a. Drywell Head Flooding 

841. Additional Service Water Pump 
"~- .... , 

9a. Steam Driven Turbine Generator 

9b. Alternate Pump Power Source 

lOa. Dedicated DC Power Supply 

lla. AlvVS Sized Vent 

1 :h. Reactor Building Sprays 

14a. Flooded Rubble Bed 

25A56RO 
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I 
I 
f 
! 

'" 

.. 

.... ." .. 

la. 

lb. 

Ie. 

2a. 

2b. 

2c. 

2d. 

't!. 

:~h. 

:k. 

:1,d. 

4a. 

Sa. 

7a. 

Sa. 

9a. 

9b. 

lOa. 

I 1 a. 

13<1. 

14a. 

Table A-5 
Summary of Benefits 

Potential Improvement 

St~vere Accident EPGs/ AM(;s 

CompUlt-r Aided Instrumentation 

Improved Maintenance Procedures/Manuals 

Pa.'Isive High Pressure System 
,,' ~" .... -,.~'<."""'" - ,-- " ..... ., -, .~'" . 

Improved Depressunzali()(l 
.. .. ,"" ... .... 

Suppression PoolJockeyPump 

Safety Related Condensate SlOrage Tank 

Largc:rVoluflle Containment 

In('rc.~'L''ed Corll~linmc:nt Pressure Capahility 

Improved Vacuum Breakers 

Improved Bottom Head Penetration Design 

Larger Volume Suppression Pool 

Low Flow Fiftcrc:d Vent 

I )rywdl Head Flooding 

AdditionaJScrvlce Water Pump 

Slcam Drivc.!) Turbine Generator 

Alternate PlW' p Power Source for high pressure systems 

Dedicatc"d DC Power Supply 

A nvs Siz('d Vent 

Reactor Building Sprays 

Floodt:d RuhbleBed 

ti() 

25A5680 

Averted Risk 
Person-rem 

1.5E-2 

1.0E-2 

1.6£-2 

6.9£-2 

4.2£~2 
" ~ ........ 

0.2E-2 

1.0E-2 

15E-2 

16E-2 

0.004£-2 

5.7E-2 

O.02E-2 

I.4E-2 

6.0E-2 

l.bE-2 

5.2E-2 

6.9E-2 

6.9E-2 

3.0E-2 

1.7£-2 

0.1 £-2 

Rcv I 
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1 
1: 

la. 

lb. 

Ie. 

2a. 

'2b. 

2c. 

2d. 

'~a. 

:~h. 

:k. 

:-\d. 

4a. 

5a. 

7a. 

Ha. 

9a. 

9h. 

lOa. 

11 'l. 
13<1. 

14a. 

Table A-5 
Summary of Benefits 

Potential Improvement 

Severe Accident EPGs/ AMGs 

Computer Aided Instrumentation 

Improved Maintenance Procedures/Manuals 

P'l.'\sive High Pressure System 

I 111 pr(:~~~(f tj'C"ilf'cssunzali()(l 
. 

Suppression PoolJockeyPump 

Safety Related Condensate Storage Tank 

Laq~crVolurne Containment 
, .~ _ .... 

Incre;L'\cd Containment Pressure Capahility 

1m proved Vacuum Breakers 

Improwd Bottom Head Penetration L>esig-n 

Larger Volume Suppression Pool 

Low Flow Filtered Vel1l 

I )rywdlHeadFlooding 

AddilionalScrvlce Water Pump 

Steam Driven Turbine Generator 

Alternate PUP"'P Powcr Source for high pressure systems 

Ikdicatc:d DC Powcr Supply 

A nvs Sized Vent 

Reactor Building Sprays 

Flooded Rubble Bed 

ti() 

25A.5680 

Averted Risk 
Person-rem 

1.5E-2 

1.0E-2 

1.6E-2 

6.9E-2 

4.2E~2 
., ~ .. 

0.2E-2 

1.0E-2 

15E-2 

16E-2 

0.004£-2 

, 5.7E-2 I' 

0.02E-2 

1.4E-2 

6.0E-2 

l.bE-2 

5.2E-2 

6.9E-2 

6.9E-2 

3.0£-2 

1.7E-2 

0.1 E~2 

Rcv 1 
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I a. 

lh. 
f-. 

Il. 
e--
I ~b. 

Lh. 

~c. 

2d. 

'tt. 

~~h _. 
1k. 

?ld: . 

4;1. 
h-. 
I" :) ~i ~ 

7<1. 
,'., Ha 

~la . 
-'--.. 

IIh. 

1 0;1. 

I 
I l;i. 

l:b. 

14a. 

Table A-6 
Summa.ty of Costs 

.-

Potential Improvement 

Scvl'fe Accident EPGs/ AM( ~s 

(:ornplilcr Aicinj I nstru rn t' n la 1 i( Hl 
--

1111 proved Mailllcnalll.\. 1'("( ltcd \I res/ Man lIals 

I';\''isivc High Pressure Syslem 
0> ..... , ••••••• _ ••• ,.. '_ 

Illlpr<>vcd Ikpressurizatioll 

Suppression Pool.J()ch~y l'um p 

S;tfetyRdatcd Condensate Storage Tank 

Larger Volume (:on t11llmCll t 
.-

i:1crcasnj (:oJ)tainIT1Clll Pressure (:apahility 

1111 P r( lvul Van Hlln Brcakers 

I"ll1prnvni'Botfhril 'Head I 'C n(~ t r~,ti () n Design 

1.;II'gn Volume Suppression Ilc)()1 

I.ow Flow Filtcn:d Vent 

I )rywellHcadFlooding 

Additi()nalServiccWaler Pump 

Stearn I hiv('ll Turhine (~l'nt:rat()r 

AltCfTMtl' Purnp Power Source 

I kd ic alui 1)(: Pown S\lpply 

AT\YS Silcel \'('11\ 
.... jog 

Re;tctorlhrilding Sprays 

Cj{){ )(kd rluhhlc Bcd 
L--._. __ 

t.l J. 

--
E.stimated Minimum 

Cost 

$ 600,000 

S 599,6()O 

S 299,()OO 

$ 1,744,000 

S 598,000 
----

S 119,ROO 

S 1 ,()()() , 000 

$ H,O(jO,OOO 

$ 1 ~,()()(), 000 

$ 1 flO,OOO 

,$7fiO;OOO " I 

$ H,OOO,OOO 

$ 3,OOO,OO() 

$ lyn,ooo 
S 5,999,000 

$ 5,994,:\00 
-

$ I ,I 94,()()() 

S ~,O()U, ()O() j 
$ ~W(), (jO() 

S 100,000 

$ lH,750,()()() 

kn I 
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" 

: 

, 

LI. 

Ih. 
-. 

It. -
, 2a. 

Lh. 

~c 

2d. 

~b. 

~~ \) 
~. 

:k. 
·~~d .. 

4a. 

.• 

Table A-6 
SummaJY of Costs 

Potentiallmp"ovement 

Severe Accident [PGs/ AM( ~s 

(:()lIlputlT Ai(kd Instrumelltation 
- , .. ~ 

Improved M;lintcnallll 1'(1 HTd ures/ Man uals 

l'assive High Prt'Ssure Syslem 
.. " .... _ .......... _-_ .. 

1m pr()vcd Dc pressurizatioll 

S\lppressi()IlP()ol.J()ck~~y Pum p 

S;lfety Rdatcd Condensatc Storage Tank 

La rger Vol u In l' Con (;11 II me lit 

!nuT;\sed (:{)lltaiIlIllCIlI Pressure (:apability 

1111 p r()ve d Yak u urn Brcake rs 

I"rn proved 'I~ot il) III Head Pl'ndr~\ti\)n Design 

r,-.-. 
(.arger Vohunc Supprcssiot) Pool 

. I ,ow Flow Filtered Vent ' ~) ti . 

., 
I )rywdl Hc:~adFlooding 'ta. 

.Ha Additi(jnaISen-;ccWater Pump 

<la. S(.'arn Driwll TlIrhitH' Cctu:rator 
>---------

IIh. Allernall' Pump Power Sourcl' 

I ();1. I )nJicllcci 1)(: Power Supply 

~. ATWS Sil.cci \'ent 
... '"1 

I:b. R(,~Ht()rlh}ilding Sprays 

14;\. L"loociedr{uhhlc Ikd 
-.-

t.l .1. 

2~A~6H(J 

--
Estimated Minimum 

Cost 

$ 600,000 

$ 599,600 

$ 299,()OO 

$ 1,744,000 

$ ~98,600 

$ 119,ROO 

S 1 ,000,000 

$ R, ()O(), 000 

$ J 2, OO(), 000 

$ IOO,()()O 

$ 7.f)0;0(,)0 ., 

S R,O()O,OOO 

$ 3.000,O()O 

$ 101),000 ., .. '. 

$ ~;999,OOO 

$ 5,994,300 
-

$ 1,194,OO(J 

S 1, ()O(). ()OO j 
$ ~W(), (j()() 

$ 1 ()O ,000 

$ I H, 750, ()O() 

kn I 
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Table A-7 
Summary of Results 

Modification 

Drywcll I kile! Fl()odin~ 
-

Kt';Klor Buildin~ ~pra~ 

ATWS Silt'd Vent 

Improwd B()ttom Penetration Design 

··2h.· ",1m provcd-+kpresslJ ri/.arion 

~lh. Aller11ate Pump Power Source 

I ( , ' Impnlved M(lintcn;lnnt:;[)I\()(:(;.dur~sIMagllals, " 

2.1. Passive HighPrt~ssurl' S)'ICrn 

101. Severt· All irknt EP( ~s 

lOa, Ikelil<ltt·d f)(: Power Supply 

;hL LargcrVO'llll'ne (;onlailllTlnll 

'2, . Su ppressiOrl Pool/ ockt')' I'u IT) P 

1 h. (;oll1putl'r Aickd Instrullll'IILllion 

~~~r('a~~~d(;onl'linml'nl Prl'SSlIrt' (:apacity' "-',"'-1'1-", , 

'lei. ", Safety ~tI4\o(:,!1Condt:'lh~H:SlOragt'Tank 

~h. St(';.1ll Dri\;t;n Turbint· (~t'nl'ral()r 
-

!J;\. I.ow Flow Filterco Vent 
~. .' 

HOI. <\ddilional Sl'rv1(."e Water Pump 

:k. Improved Vacuum Breakers 

14a, Flooded Ruhhle Bed, 
f.-, .. 

·b. \';Irgt" VOhlllH' Suppression Pool 

f-T":-\! 

2!1A5I)HO 

Cost (K'/Persoo-
rem Averted 

.-
$1,h67 

$5.882 

$10,000 

$13,15H 

$14.252 

$17.304 
I $IR.6RR 

S2!1,275 

$40.000 

$43.478 

$53.:t~3 

$59.990 

S59.9t)() 

S 75 .()()() 

$100.000 

S115,n!1 

$214.281) 

$374.93H 
-

S2.500.000 

! 
S 18,750.000 

S 4 () .000. O()() 
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Table A-7 
Summary of Results 

~-----------__ ---------::::ifi __ c_a_U_"O_[_l ______________________ ~~-------______ _ 

~~ Drywt II I !eMI Flooding 
----, 

I :b. Ke;lrlor Building ~prays 
f---

11,1. ATWS Si/cd Vent 

----------------------------+ 

~-.------,--.---------------------------------------------~------------------~ 

~ 
:~d. Improved Bottom Penetr;ni()I) Design 

I ~h"lmpr()vedlkpressllriJation 
r--.---------------~------------------,--------------------4_----------------~ 

qh. Alternale Pump Power Source 

1 ( . Improved Mainlenann":,Prc)('(;.dures/Manuals. 

1.1 Severt" Alliciclll El'Cs 

l()a. Ikdil.llnl !)(; Pown Supply 
~'-. --,--------------------~~------------------------------+-------------------

:tL l.arger Voillme (;onLlilllTlclll 

'2 ( _ 
I----

S II P press i () n PO() 1/ O( k (")' I'll m p 
------~-------------------------+-------------------

1 h. (:()mputn Aided InstlllTllt"lIt.lll()() 
~----.---. -- ------------t------------------

:~h.. Illcrea~cd C;ol1lainrncntl'rcssurt" Capacity 
~'-----'--~~----------------------~--~---------------+-------

'2r1. Safety l\t'l,~l,('dCondt'ns,!teSloragt' Tank 

();1. StC .. l11 Driven Turbine (~('ncral()r 
~ ---------------------------------------------------+----~----------~ 

h;1. 
1----·----------------------7 .. --------------------------~----------------~ 

I.ow Flow Filtcreri Vent 

H.I. '\cldiliollal Service Water Pump 
~----------------------+-------------------

:k. Improwd V;uuurn Breakers 

ll~~L---,~_·I-( _H,H __ It,'_ (,1 __ R_l_Il_1 1._) l_c_.I_)_e_d _______ _ 

,tt Llrgt";' Volume Suppression Pool 
--~~--------~~----------------,---------~-------------~ 
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