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I

Abstract
j

This report is the introductory volume to the Nuclear Power Plant Sourcebook Series and is
intended as a source of current summary and comparative information on U.S. commercial light
water reactors (LWRs). The summary and comparative information is organized into the following
four parts: (a) general U.S. LWRs, (b) pressurized water reactors (PWRs), (c) boiling water
reactors (BWRs), and (d) bibliographics of general PWR and BWR references, plant specific
references, system specific references, and component specific references. This report is
supplemented by a set of Sourcebooks that provides more detailed information on specific U.S.
LWR plants.
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CAUTION"

The information in this report has been developed over an extended period
of time based on a site visit, the Final Safety Analysis Report, system and '

layout drawings, and other published information. To the best of our -
knowledge, it accurately renects the plant configuration at the time the

' information was obtained, however, the information in this document has
not been independently verined by the licensee or the NRC.

# NOTICE

This soumebook will be periodically updated with new and/or replacement
pages as appropriate to incorporate additional information on this reactor
plant. Technical errors in this repon should be brought to the attention of

the following:

Mr. Mark Rubin
U.S. Nuclear Regulatory Commission
vitice of Nuclear Reactor Regulation

Division'of Systems Technobgy
Mail stop "E2 -

Washington, D.C. 20555

Corrections and other recommended changes should be wbmitted in the
form of marked up copies of the affected text, tables or figuro. Supporting -

documentation should be included or referenced if possible.

.
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L l '. - ' INTRODUCTION

This introductory volume to the Nuclear Power Plant System Sourcebook series
is intended as a source of current comparative information on U.S. commercial light water

,

I reactors (LWRs). As such, this volume should help the user to relate the more detailed
p infom1ation in an individual Nuclear Power Plant System Sourcebook to simile plants and
|. to the U.S. commercial nuclear power industry at large.

A Nuclect Power Plant System Soumebook is an individual mport that provides ;
p

summary information on the safety systems at a particular U.S. commercial nuclear power
plant. The Sourcebook is intended to serve as an accurate, consistently formatted,-'

mtegrated information resource that is more convenient to use than other information
resources curantly available to the U.S. Nuclear Regulatory Commission. <

' 1,1 Organization of This Introdudorv Volume
,

~ This introductory volume for the Nuclear Power System Sourcebook series
provides background information on the Sourcebooks and provides summary and
comparative information on U.S. commercial LWRs. The summary and comparative

,

t

infom1ation is organized into four parts as follows'
q

General Nuclear Industry Comparative Information-

| Tabular industry-wide data comparisons of U.S. nuclear power plants
~

-

L (Section 2) i
t

Pressurized Water Reactor (PWR) Comparative Information- '

Overview of PWR systems (Section 3)-

Descriptive comparisons of the product lines of U.S. commercial PWR i
-

y vendors '
= Westinghouse PWRs (Section 4)'

Combustion Engineering PWRs (Section 5)-

Babcock & Wilcox PWRs (Section 6)-

Tabular system data comparisons of all U.S PWR plants-

(Section 7) "

Bolling Water- Reactor (BWR) Comparative Information-

- Overview of BWR systems (Section 8)
!

Descriptive comparisons of the General Electric BWR pmduct lines- '

E (Section 9) -
Tabular system data comparisons of all U.S. BWR plantsn -

(Section 10)=;

Bibliographies5
..

General PWR and BWR references (Appendix A) i-
,

Plant specific references (Appendix B) .
System-specific references (Appendix C)-

Component specific references (Appendix D)-

.

The overviews of PWR systems in Sections 3 and BWR systems in Section 8
focus on basic system functions and interfaces and include simple system schematic 1
drawings to illustrate major system flow paths, with no attempt to accurately portray '

system redundancies. These sections are intended as.high level introductions to the
principal types of systems found at U.S. commercial LWR plants, with comparisons to
highlight significant differences among plants. '

The descriptive comparisons in Sections 4,5,6, and 9 broadly define the
product lines of the four U.S. commercial LWR vendors and identify significant

1-1 8/90
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similarities and differences among the product lines. Comparative system data are-
- compiled and presented in tabular form in Sections 4.5,5.5 anc. 6.5 (Weringhouse, C-E,

,

and B&W PWRs, respectively),- and in Sections 7 (all PWRs) and 10 (all' WRs).
.. For more details on safety systems of specific nuclear power plants, the reader -

is referred to the available Nuclear Power riant System Sourcebooks identified in Section
~ 1.3. Additional sources ofinformation an identified in the bibliographies in Appendices A

,,

to D of this introductory volume to the Sourcebook series.

1.2 Avallable Nuclear Power Pinni System Sourcebooks -
- The Nuclear Power Plant System Sourcebooks that are currently available are'

identified in Tables 1.2-1 and 1.2-2. There are 120 LWR power plants identified in these
tables, with a breahiown among vendors as follows:

Westmghouse- 55 PWRs-

Combustion Engineering 15 PWRs-

Bab;ock & Wilcox 10 PWRs-

GeneralElectric 40 BWRs-

As of August '.990, Sourcebooks are available on 72 LWR power plants (60 percent of all
U.S. LWR power plants) with a breakdown among vendors as follows:

Westinghouse 26 PWRs-

Combustion Engineering 9 PWRs-

-: Babcock & Wilcox 3 PWRs
GeneralElectric 34 BWRs-

1.3 Ornanization of n' Nuclear Power Plant System Sourcebook
Each Sourcebook is organized in five sections as follows:-

Section 1: Summary Data on the Plant-

Section 2: Identification of Similar Nuclear Power Plants-

- - Section 3: System Inforradtion
, Section 4: PlantInforn ation
Section 5: Plant Specific Bibliography-

Sections 1 and 2 are brief summaries that introduce Sections 3 and 4 where the bulk of the
' plant specific information is presented. Section 3 begins with a tabular summary ~of the -
plant systems as identified in the Final or Updated Safety Analysis Report (FSAR or
US AR) and an indication of which systems are covered in the Sourcebook. Also included
is a high-level block diagram that indicates the major interfaces that exist among cooling,

water systems at the plant.
Section 3 continues with system summaries that describe the design and y

operating characteristics of major systems, focusing on those systems that have a role in
'

mitigating the effects of transients and/or a loss-of-coolant-accident (LOCA). The ,

Sourcebook system summaries typically cover the following systems:

- - Reactor Coolant System (RCS) !'
Emergency Core Cooling System (ECCS)-

Electric Power System-

Instrumentation and Control Systems-

Component Cooling Water System-

- Service Water System
- Auxiliary Feedwater System (PWR s only)

!
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Reactor Core Isolation Cooling (RCIC) or Isolation Condenser System (BWRs
--

only) -
Charging System (PWRs only)-

Control Rod Drive Hydraulic System (BWRs only)-

~

In addition, some Sourcebooks also include system summaries for containment cooling -
systems and reactor shutdown cooling systems. The specific systems covered in the ,

availshle Sourcebooks are shown in Tables 1.31 (PWRs) and 1.3-2 (BWRs).
An individual system summary in Section 3 of a Sourcebook includes the

follwi.;g information: '

System Function:-

A brief statement of the basic function (s) which the system is intended to
perform. '

System Definition:-

A narrative overview of the major elements or components of the system,
supplemented by system diagrams and one or more system data summary
tables.
System Drawing (s):-

Typically, two versions of the system drawings are presented; the first version
i

is the basic simplified system drawing, and the second version indicates general
component locations by means of shaded zones that are superimposed on the
basic drawing. The principle flow paths through fluid systems also are.

highlighted in the second version of the system drawing.
System Data Summary Table: j=

-For the major components in the system drawings, the data summary table lists
the component identification number, component type, general location, and d'

electric power source.
.

System Operation:-

A brief description of how the system operates during normal plant operation '

and during accident conditions. 1System Success Criteria:-

~A concise statement of the requirements for component or loop (train) success
in order to accomplish the system function (s). J|Component Information:

. *

-

Listings of basic design or operating parameters of major components in the
system.

.

,

Support Systems and Interfaces:-

A brief description of support system interfaces related te system operation.
Interfaces with the following types of support systems typially are described:
(a) actuation and control, (b) motive power soun es, (c) companent cooling, (d)
equipment room cooling, and (e) other support systems as appropriate.

The plant information presented in Section 4 of a Sourcebook includes a brief
description of the site and major buildings, a simplified site drawing, building elevation and
simplified layout drawings and summary data tables The simplified site and layo tu, .''

drawings _ are intended to provide a general orientation to the plant. These are not
architectural scale drawings, and no attempt has been made to show all of the minor rooms

'

and hallways that may exist in the plant. In general, component and equipment locations-
.

are not shown in the simplified layout drawings. Location codes are assigned and used !
consistently in the simplified layout drawings, system drawings, and data tables.- This

|should enable Sourcebook users to develop a general understanding of the physical '

arrangement in the plant of the major portions of each system.

>
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! The bibliography included as Section 5 of a Sourcebook lists other sources of
,

x i lddinformation on the plant in question. :These Sourcebook bibliographies have been nc u e
in the compilation of plant-specific references in Appendix B of this introductory volume to .

_

~

the Sourcebook series. .'
Each Sourcebook includes two appendices that define the standard symbols -

used in the Sourcebook system and layout drawings and the terms used in the various data
tables appearing in the Sourcebook. The standard symbols used in the system drawings
are shown in Figures 1.31 and 1.3-2.

The information presented in a Sourcebook is compiled from a variety of--
sources, including the following:

The licensee's Final or Updated Safety Analysis Report (FSAR or USAR).-

System piping and instrumentation drawmgs (P& ids), one-line electrical-

' drawings, and site and building layout drawings.
Relevant NUREG and NUREG/CR reports.-

Other available information sources.

. hile this introductory volume and the individual Sourcebooks are believed to accuratelyW
nflect the plant configurations at the tirne the information was obtained, it should be noted
that these reports have not been independently verified by the NRC or the licensee. Please -
refer to the notice at the front of this volume for instructions on reporting any technical
errors or recommending other changes in this nport to the NRC,

' '

.
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L Table ' L2-1. Sourcebook Status as of 8/15/90, Ordered fby
p

Reactor Type and' Vendor '

,

q

PWR Reactor Plant , Sourcebook BWR Reactor Plant - Sourcebook
s

Type. 'Name Type Name

B&W(L4oop) ANO-1- .. ' None Planned BWR/1. Big Rock Point SAIC-80/1028B&W (L4oop) Crystal River 3 None Planned
. . a

i

B&W (L-loop) Oconee 1,2 & 3 None Planned BWR/2 Nine Mile Point 1 SAIC-89/1534 -|B&W (L-loop) Rancho Seco . SAIC-89/1027 BWR'2 Oyster Creek 1 SAIC-89/1530B&W (L4oop) Three Mle Island 1 SAIC49/1526

BWR/3 Dresden 2 & 3 SA!O-%<1533 - |B&W(R loop) Bellefonte 1 & 2 New 1990 BWR'3 ' Millstone 1 SAIC49/1017 tB&W(R4oop)' Davis-Besse - SAIC-88/1021 B W R/3 Monticello SAIC49/1025 1BWR/3 Pilgnm 1 None PlannedC E (34oop) Maine Yankee SAIC-88/1022 ' BWR/3 Quad Cities 1 & 2 SAIC-89/1537 -
i

C E (24oop) _ ' ANO-2 None Planned BWR/4 Browns Ferry 1 SAIC49/1029
x ',

C-E (24oop) - Calvert Cliffs 1 & 2 None Planned BWR/4 Browns Ferry 2 SAIC49/1030, C-E (24oop) Fort Calhoun 1 SAIC-88/1982 BWR/4 Browns Ferry 3 SAIC49/1031C-E (24oop) - Millstone 2 SAIC49/1018 BWR/4 Brunswick 1 & 2 SAIC-89/1011C-E(24oop); Paksades None Planned BWR/4 Cooper SAIC-88/1994~ C-E (24oop) Palo Verde 1,2 & 3 SAIC-88/1017 BWR/4 ; Duane Arnold None Planned
,
'

C-E (24oop) - San Onofre 2 & 3 None Planned - BWR/4 ' Fermi 2 SAIC-89/1036C-E (2 loop) St Lucie 1 & 2 - SAIC-89/1527 BWR'4 Fitzpatrick SAIC49/1024C-E (2-loop) - Waterford 3 SAIC-88/1019 BWR/4 Hatch 1 & 2 > SAIC-89/1034
BWR/4 Hope Creek 1 & 2 - SAIC-89/1033 '

1 W (2-loop) - Ginna . SAIC-89/1539 ,

BWR/4 Peach Bottom 2 & 3 SAIC-89/1020
BWR/4 Limerick 1 & 2 SAIC-89/1023 -| W (2-loop) 'Kewaunee' None Planned

W (24oop) Point Beach 1 & 2 None Planned BWRt4 Shoreham None Planned'
,

, W (24oop) . Prairie Island 1 & 2 None Planned BWR/4 Susquehanna 1 & 2 SAIC-89/1035, . :;
|

. BWR/4 Vormont Yankee None Planned :W (3-loop) - Beaver Valley 1 - SAIC-89/1529 -!' ,

W (3-loop) ; Beaver Valley 2 SAIC 90/1428 BWR/5 LaSalle 1 & 2 None Planned
1

"
W (3-loop) Farley 1 & 2 None Planned BWR/5 Nine Mile Point 2 SAIC49/1538 jW (34oop) H.B. Robinson 2 SAIC-89/1026 - BWR'S ' WNP-2 SAIC-89/1022W (3-loop) ' North Anna 1 & 2 None Planned .
W (34oop) San Onofre 1 None Planned BWR/8 Clinton 1 SAIC49/1021

*

W (3 loop) Shearon Harris 1 SAIC-89/1536 - BWR/8 ' Grand Gulf 1 SAIC-89/1007W(34oop) Summer -- None Planned c BWR'6 Perry 1 & 2 SAIC-89/1535.W (34oop) - - Surry 1 & 2. None Planned - BWRb River Bend 1 SAIC-89/1531
s

W (3-loop) = Turkey P. oint 3 & 4 None Ptanned

W(4 loop) Braidwood 1 & 2 SAIC-89/1016
W (44oop) Byron 1 & 2 - SAIC-89/1015
W (4-loop) .Callaway . SAIC 88/1997
W (44oop) Catawba 1 & 2 SAIC-88/1995
W (44oop) ' Comanche Peak 's & New 19Q
W(44oop) D C. Cook 1 & 2 -None Planned 1,

W (4-loop) 1Diablo Cuyon 1 & 2 None Planned 'j
W(44oop) Haddam Neck - New 1990

'

W (44oop) . Indian Point 2 None Ptanned
W (44oop) | Indian Point 3 - SAIC-89/1037 '

W (44nop) - McGuire 1 & 2 " AIC-89/1528
!a

"
' W (4 loop) . Millstone 3 sAIC-89/1010

*

, 7/ W (4. loop) : Salem 1 & 2 None Planned
*

i W (44oop) Seabrook 1 SAIC-90/1429
W(4 loop) 'Sequoyah 1 & 2 Nons PIanned
W (44oop) - South Texas 1 & 2 SAIC49/1032

<

-W (44oop) Trojan - SAIC-88/1023 ,

- W(44oop) Vogtle 1 & 2 SAIC 89/1540
-

iW (4 loop) Watts Bar 1 & 2 None Pfanned
W(44oop) = Wolf Creek SAIC-88/1996 i

W (44oop) Yankee Rowe SAIC-88/1993
W(4 loop) Zion 1 & 2 SAIC-89/1532

|
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~ Table?1.2-2. - | Sourcebook Status .as- of N15/90, Ordered 1 byL
~

Plant Namem
'f

R. acier Piant Reacior . Reacier ver ser t wr mook--
Name-- Type- and Vintage -

ANO 1 .PWR: B&W (L ioop) . None Planned -

ANO 2 PWR- C E (2 loop) None Planned

Beaver Valley 1, PWR W (3 locp) - SAIC 89/1529-
Beaver Valley 2 PWR W (3 loop) SAIC 90/1428
Bellefonte 1 & 2 J PWR B&W (R-loop) New 1990 i

,

Big Rock Point - EMR BWR/1 SAIC 89/1028 -
. S AIC 89/1016C . Braldwood 1 & 2 PWR, W (4 loop)'
SAIC 89/1029Browns Ferry 1 .. lMR BWR/4

P Browns Ferry 2 EMR -- . BWR/4 SAIC 89/1030 -
Browns Ferry 3 IMR- BWR/4 . SAIC 89/1031
Brunswick 1 & 2 ; IMR BWR/4 SAIC 89/1011

~

Byron 1 & 2 - :PWR: W (4 loop) - SAIC 89/1015 - ,

J|
Callaway ' PWR W (4 loop) SAIC 88/1997 :-
Calvert CI'ffs 1 & 2: PWR C E (2 loop) None Planned

Catawba 1 & 2 PWR" W (4 loop) SAIC 88/1995 |'

Clinton 1 IMR BWRM SAIC 89/1021 1

Comancho Peak 1 & 2 - PWR: - W (4 loop) . . New 1990 |

Cooper- EMR - BWR/4 - SAIC 88/1994
1]'Crystal River 3 PWR B&W (L loop) None Planned

i
None PlannedD C. Cook 1 A'2 PWR . W (4 loop) .

: SAIC 88/1021Davls Besse TWR| B&W (R loop)
: Diablo Canyon 1 & 2 PWR: W (4 loop)- None Planned

Drosoon 2 & 3 IMR BWR/3 SAIC 89/1533'

Duane Arnold _ IMR BWR/4 . None Planned :'

Farley 1 & 2 'PWR- W (3 loop) None Planned <

Formt 2 - =IMR - BWR/4 ' SAIC 89/1036 ' ,;

,]. Fitzpatrick IMR BWR/4 - SAIC 89/1024 '
. Fort Calhoun 1 PWRs C E (2 loop) SAIC 88/1982 j

Ginna . PWR W (2 loop) SAIC 89/1539
Grand Gulf 1 EMH BWR/6 SAIC 89/1007

i H.B Robinson 2 1PWR W (3 loop) ' SAIC 89/1026
.

Haddam Neck : PWR ' W (4 loop) - New 1990

,' Hatch 1 & 2 EMR BWR/4 SAIC 89/1034_

|~ Hope Creek 1 & 2 EMR BWR/4 SAIC 89/1033L 1
'

indian Point 2 PWR W (4 Ioop) . None Planned !
'

Indian Point 3 -PWR W (4 loop) SAIC 89/1037
Kewaunee PWR W (2 loop) None Planned q
LaSalle 1 & 2 IMR BWR/S None Planned j

Limerick 1 & 2 EMR BWR/4 = - SAIC 89/1023
Maine Yankee PWR C E (3 loop) SAIC 88/1022
McGuire 1 & 2 - PWR W (4-loop) SAIC 89/1528 ;j

.

Millstone 1 EMR BWR/3 SAIC 89/1017 ~ q
., + Millstone 2. PWR C E (2. loop) SAIC 89/1018 -

. Millstone 3. PWR W (4 loop) SAIC 89/1019 i

' Monticello EMR BWR/3 SAIC 89/1025 j
'

Nine Mlle Point 1 EMR BWR/2, S AIC-89/1534
Nine Mile Point 2 >EMR BWR/5 SAIC 89/1538
North Anna 1 & 2 PWR W (3 loop) None Planned
Oconee 1,2 4 3 :PWR B&W (L-loop) None Planned
. Oyster Creek 1 EMR BWR/2 SAIC 89/1530
Palisades PWR C E (2-loop) None Planned |

' Palo Verde 1,2 & 3 PWR C E (2 loop) SAIC 88/1017 i

.f
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*[ Table 1.2 2. - Sourcebook Status'as of. 8/15/90, Ordered by |
:

Plant Name (Continued)

Reactor PlantT Reactor - Reactor Vendor Sourcebook,,.
'

Name Type and Vintage !

O - Peach Bottom 2 & 3 IMR BWR/4 SAIC 89'1020 t- Perry 1 & 2 BWR BWR/6 SAIC 89/1535 -
Pilgrim 1 IMR -- BWR/3 None Planned '

Po;nt Beach 1 & 2 PWR W (2 loop) None Planned E"
Prairie Island 1 & 2 PWR W (2 loop) . None Planned

,

;i

Quad Cities 1 & 2 EMR BWR/3 S AIC 89/1537 ' '

y, Rancho Seco ; PWR. . B&W (L loop) SAIC 89/1027 !
' River Bond 1 ' IMR - BWR/6 SAIC 89/1531- |

e

Salem 1 & 2. PWR- ,W (4-loop) None Planned
San Onotre 1 PWR W (3 loop) None Planned <-

San Onotre 2 & 3 .PWR C E (2 loop) ~ None Planned ,1
, Seabrook 1 PWR. W (4 loop) SAIC 90/1429 '
Sequoyah 1 & 2 PWR W (4 loop)' None Planned
Shearon Harris 1 PWR- W (3 loop) SAIC 89/1636
Shoreham . IMR BWR/4 None Planned
South Texas 1 & 2 PWR W (4 loop) SAIC 89/1032 - g
St. Lucio 1 & 2. PWR. C E (2 loop) SAIC 89/1527

,Summer - PWR- W (3 loop) None Planned
~|~ Surry 1 & 2 PWR W (3 loop) None Planned

Susquehanna 1 & 2 IMR BWR/4 - SAIC 89/1035 i

Three Mile Island 1- PWR -- B&W (L loop) SAIC 89/1526
Trojan PWR' W (4 loop) ' S AIC 88/1023
Turkey Point 3 & 4 PWR W (3 loop) None Planned
Vermont Yankee IMR - BWR/4 None Planned

;

i; ,. Vogtle 1 & 2 PWR W (4 loop) SAIC 89/1540 '
-

- Waterford 3 L . PWR C E (2 loop) SAIC 88/1019 =
. Watts Bar 1 & 2 -PWR. W (4 loop) _ None Planned .
- WNP 2 IMR BWR/5 - SAIC 89/1022
Wolf Creek PWR W (4 loop)' SAIC 88/1996

5
Yankee Rows PWR- W (4 loop) 1SAIC 88/1993

. Zion 1 & 2 -- PWR - 'W (4 loop) , SAIC 89/1532
,

3
1

l- -p
i

'
-

.

a
,'

i

!

'

[.

s

'
!
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i LTable - 1.3-L - Comparison of PWR; Systems Included . In the .
M

' -Sourcebooks
f
t
L.- t. 2 Wuunghoup

B & W PWRe C E PWRe loop 1. Loop PWRs

sm
.

. n

}e

12 N ,,; . u..
-I

f
"

" * ," , - "3
j I I - 5j ],,g

. w we
' 8 -

>- > g ,1 .
>

,$
*

.9 } t > g g
.

,$ -
4 I { $ 5 j

#
~ f- 3 "

ig 5 3- .R o. - i3 - t$ ed' 3 a12 Oeneric System ' Name r

!f 5fb hi . fi h }(Qi)Reactor Coolant System. k '
(

.h fkk
: c nda S ea R . k )> I 4t-

ECCS (HPI) hfhff f' f> ff h { | !If [ $is*
,

ECCS (1.PI) h sffjh "[ h ' fff!]fff
'

2h k1
m[k$&y#m$3s!)$, Mwu. -e u. u. n w. w. ~.

Containment Spray system ' Mf! %m. 6 .e. 3- 3 2 |2 2 2

..: Jg-'@hfi..f Mg
Containment Fan Coolers or gg hg Note [ {# $$bOther Containment Cooling Sys. W h; Mgc 6 qg ha ,.p3

Ne e N | .

Charg6ng Syste'm f
Snuidown Coonng Sv.ie,n .- ";- ";- at "r "r "rji ji- 7- 1- ";- "r "r

h jf(fh { [.
I f f [s};jIf f h

fhj$[* ;
O ' Reactor Protection System

j| .:-amossa u -

Safety Feature Actuation gg ;- | Note . ''%/p f5 m ,. . ;
p|1.g yld d. i i d'

g.<ge. -

6 y.; )

|
gj g,System - VM '

. .
*;

- u -squee ; |- |; +

N y
. t

.

j y

ff'f{f' Remote Shutdown Features

[ jjj.ffh k
N a

f:Class 1E Power Sy' stem , ;

*gg{E.gg yg Note gggEg Note iichw
!.sccItuc; 6-( Safety related Component g

3 5 . pyjy .g,Qs
Cooling Water System- ww ,_, . ,y

*g g W
ghyMg.yg/h.lg g g'- gEmergency Service Water g -g NoteQN gh |w | wye $ mye( System y a,w, y 6 .g mm ;.p my g

Rre Water System . .

Emergency Ventilation System Man.s

i

I,ij; ,
.'

s -
,

a fT .

t

4
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Table-fl.3 1. Comparison of PWR Systems-Included in the
' Sourcebooks - (continued)

| |
w..une.u 4t , pwn. -

-

:
~<

-

, . ~

- f -

}} f
, ,

2";1';T.*' n*.".*" ? ?
,

- ECCS(HPI) *
.

EccS 0.P1) T
C . ..ni ., oy . ? !..
&*0;;M*."nf*C ,'. T T 1

*

Cs.,,in, sy.m - T y
.. 1

. Shutdown Cooling Syst.m - *
i

: n. , ,,. n .y. m - y y
;gy ,..,u,. ~,u.,.n y ,; a,

n. mow snuidown' r tu, - y y
}

;.

Clem 1E Pow.f Syst.m !
gp

?.2,"O.t."",0*"' T T >

*** a$.7 y "I' -)
,

ri,. w. w s p = =
_ ___

l
.

Eme,g.ncy V.ntilason ' Sys .m '

I

'

- ' ~

i

!

!

.i

i
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' Table - 1.3 1. Comparison of- P.WR . Systems Include'd :In . the 1
3

Sourcebooks"(continued)a

1,

,

Symbols:: ,

'

CI.j System is addressed in tne Sourcebook=,

System is addressed in the Sourcebook. More than one system may perform a .-
= '

', similar function at the plant in question, so the abbreviation for the plant specific
,

:

- system name is indicated (i.e., xxx) ;
,

-

System is not appilCable to the plant in question.N/A =

See notes, below, regarding how the system is treated in the Sourcebook.T* =

System is not covered in the Sourcebook.=

,

Notes:

1. A multi mode RHR system performs ECCS and normal shutdown (decay) heat removal . ,

-|

functions. The RHR system is described primarily in its ECCS role.

. 2. The LPI, containment spray, and shutdown cooling systems are interrelated and share
'

the same decay heat removal heat exchanger.' These systems are escr e pr mar y nil i thed ib d i

ECCS role.

3.' ThA LPI containment spray, and shutdown cooling systems are interrelated and share
ithe same decay heat removal heat exchanger. These systems are described in the ECCS and

CS roles.

.

4. The charging system is described only as part of the ECCS. |
'

1

L 5. Many safety-related components are cooled by the Emergency Service Water System.. ,

. A separate component cooling water system is .-et described.' ,

6. 'Ihis syste"iwill be included in the Sourcebook. The Haddam Neck and Bellefonte
: Sourcebooks are expected to be completed in late 1990, and the Comanche Peak Sourcebook-

.

,

Lis expected to be completed in early 1991.
,

f 4

.; k *

i
t

| .L i

j .

i.,

<!

t.

:I

;n
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Table 11.3-2.1 Comparison otBWR= Systemsi ncluded .In the- j'

I
Sourcebooks !

w
SWR k

BWR/2 BWR/3 ' EWR/4.
1

' .l
. ,

.I', '

r

N' g N
4 * N O.

" * g; y t
S i e ; i ! # r- " -

- 4 >_

i : 1-
N

j j j } i e s |
- - 2,'*

.oeneric system Name I i $ I. Eu

. Reacto, Cooian, Sysie- We! R RDW 9 R @ s2WWWWF@$ %
isolation Condenser System , ?h h- [ ffd N/A N/A N/A N/A N/A N/A N/A P3/A N/A N/A N/A

th (7)ik ihkfh h))h IhRCIC System N/A N/A N'IA N/A N/A

hreedwaior Cooiani injecMn N/A N/A N/A N/A N/A N/A N/A N/A N/A P,/A N/A N/A N/A N/A

N/A :
. h ihECCS (HPCI/ HPCS) N'/A N/A N/A [ h .f:

: ECCS (Core Spray / LPCS) h h h fj f f :/h hk:

.;

')ff h Ik .hf? f[ . ff;hECCS (LPCl) N/A N/A N/A

ECCS m e#NW$MWWRWEBMWSiWF4MM
Shu,down cooung Srst.m . g g y "c; "c;- ~;- ~c;- n ;. " ;- "c;. " ;. "c;- ~c;. " ;.

'*
- trol Rod Drive Hydraulic - [i| ;P

.

; Suppression Pool cooling /.
%g-:. g6 igm,

i Note Note Note Nota No's Note Note Note Note Note Note Note Note
fA M 4 2 2 1: 1 1- 1. 1 >1 1 -1 1 't 1~Ic Containment Spray System

. Reactor Protection Sy' stem : |fff$f I ! f) (fff j -

Sa Iy Feature Act'Jation -
f . 4{ |

- # '< ::

Remo'e Shutdown Features. E i
~

t : <

.

Class IE Power Spiem h h h hk .hffk h ffh h
| Safety related Component gj gg Note Note Note Note Note Note ej gg Note Note g
| Cooling Water System - w?g rm/g 3 -3 3 3 3- 3 R 7975 :3 3 vny

Emergency Servce Water gjg ffg okw gs; ;yyg ggg gj Q1 gg gg g pg
m . on ,~ -,p nmr em fytd em;S wm mw:% ,. 4. Sys'em yewm~

RHR (High Pressure) Service p %gj@ i *"J TJ L*" Xi ;l 'd W) Aj !,*" I e
)u ui ind inj in tui e4 iet p et g

,

; Water System e,

o .

g. .. y g g g q
|

nre Water sysiem
-

.

Reactor Weter Cleanup System h
~

Em.rgency venmaan Sr.iem

independent Safe Shutdown
!h'fN/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/ASystem o

.t
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Table 1.3 2. iComparison of. BWR: Systems Included in the - '

Sourcebooks ;(continued)*

:
,.

'

oonin'ede ==a<i l
' = = a ''

,

::
;

-
. ~, ,

1 -s. .

i
-

<
~ - :

-] jj ]yj a
. oe,,e,ie 8,.to.

Reactor Coolant Systen?
s

isolation Condenser Systee.- N/A N/A N/A N/A N/A N/A N/A N/A N/A 5

RCIC System -
'

!, , -

Feedwater Coolant injection h/A N/A N/A N/A N/A P:|A N/A N/A N/A

ECCS (HPCI / HPCS) '

ECCS (Core Spray / LPCS) . [
J

'

ECCS (LPCl) - ,

' ' ' " '' " " "
ut w ooling System

. 1 1 1 1 1 1
'

~11

Control Rod Drive Hydrauhc
Syslem

, Suppression Pool Cochng/ Note Note Note Note Note Note ole Note ole
Containment Spray System 1 1 1 1 -1 ~1' '1' 1 1

Reactor Protection System-
'

,

Safety Feature- Actuotion
System . *

Remote Shutdown Features -
*

Class 1E Power System '
,

- Safety related Component Note Note Note Note Note le !

Cooling Water System ~ 3- 3 . 3 3 -3'
Emergency Ser>6ce Water- ',.<

. System T

' RHR (Hgh Pressure) Serv 6ce
Water System

Fire-Wawr System
f

- > '

. Reactor Water Cleanup System
' I'- -

;

Emergency ventitation System d

," # ' 8'" 8""'d*""' N/A N/A N/A N/A N/A N/A N/A N/A N/A, 3

I .o

I, ,
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b' s - Table _1.3 2. Comparison of BWRzSystems Included in the - )
' I

,

N :Sourcebooks (continued)
<

.

y -;
,

,

i

~ Symbolst ;

- = System is addressed in the Sourcebook I

'-
,

.

s
|; k' = System is cddressed in the Sourcebook More than one system may perform a ;'.

similar function at the plant in question, so the sbbreviation for the plant specific i
-

system name is indicated (i.e., xxx)
i

N/A = System is not applicable to the plant in question.

;

" * ' '
= See notes, below, regarding how the system is treated in the Sourcebook. !

'
,

.

= System is not covered in the Sourcebook, f
,

Notes:'

1.- A multi-mode RHR system performs ECCS, containment cooling, and normal shutdown
(decay) heat removal functions. The RHR system is described primarily in its ECCS role.

2. A multi-mode LPCI system performs ECCS and containment cooling functione. This
L system is described primarily in its ECCS role,

, , - 3.'' Many safety-related components are cooled by the Emergency Service Water System.
| - A separate component cooling water system is not described.

.,

p.

'
i

l' ;
*

.

!{. ..
: r
l

4

1

' i

%
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i MANUAL NON RETURNke . MANUAL VALVE . NY
,

r.' E (OPEN/ CLOSED)
VALVE NCV (OPEYGOSED) ;

'Q' 'O
MOTOR OPERATED VALVE e MOV MOTOR OPERATED

8WAYVAl E. MOV ,F' (OPEN/ CLOSED) (CLOSED ,":RT MAY VARY)

.W |

SOLEN 0e OPERATED VALVE SOY SOLENOID OPER ATEO ;
S WAY VALVE SOV' (OPE NiCLOSED) .

(CLOSED PORT MAY VARY)

'\

2 . HYDR AULIC V ALVE . HV HYDRAULIC NON RETURN
' r,- - (OPEN/ CLOSED) 4 VALVE . HCV (OPENCLOSED).

r

' ' PNEUMATIC VALVE e NV PNEUMATIC NON RETURN
Y' (OPENICLOSED) ; gi;_ -4 VALVE . NCY (OPEN/ CLOSED)

,

CHECK VALVE *CV I SAFETY VALVE . SV
(CLOSED)

!

W O
POWER OPERATED RELIEF VALVE,- d-- POWER OPERATED RELIEF VALVE,

SOLENOW-PlLOT TYPE e PORY MF PNEUMATICALLY OPERATED = PORY ,'' d
'

(CLOSED) OR .
.

'

DUAL FUNCTION SAFETYIRELIEF
VALVE e SRV
(CLOSED)- ;

i
l. !

CENTRIFUGAL' CENTRIFUGAL
34 - MOTOR DRIVEN PUMP = MDP TURSINE DRIVEN PUMP . TDP .

5

\ /i

;- 1

y
,

.

POSITIVE DISPLAdEMENT POSITIVE DISPLACEMENT r,,

MOTOR ORivfN PUMP MDP TURSalf oRivEN PUMP . TDP .
-

.

y
E 1 -

| \ l
I

i i

: ,

.

Figure 1.3-1. Key To Symbols in Fluid System Drawings }
.
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REACTOR YEstEL . RV

I
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|
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W

\ ,,

1

. .
; i .

'

Q|- HEAT EXCHANGER . HX H
- -

MECHANICAL DRAFT
!

.tt- C000NG TOWER
,

'

i -

,,
,

I; >

h- -
- STEAM.TO WATER - *

AIR COOUNG UNIT . ACO|-' 04 WATER TO. STEAM HEAT
*

EXCHANGER (f.E. PEEDWATER 4
,

HEATER. ORAIN COOLER, ETC.) * HX

4

(

i
. p,

IOR TANK. TK. -

K"E"E"E o a a a SPRAY No2ELEs . SN }y. v \
!

F, ,

-
!

I
,

' aunuae o** ao >@p'
-

,u tR . rti-
3

,

| j
.

; --Q- - ORm . oR i

*

,

I

r
.

o

I

q

j

i 3

Figure 1.3-1. Key:To Symbols in Fluid System Drawings I

(Continued):,
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- A.C ' DESEL SENERATOR = DS -
. - -1

. OR A.C. TURSONE SENERATOR . 70
_ SATTERY * SATT - -

'
i

I a,

j

' CmW
(3 OR gg, (3.. 41 OR |F-.13 INTERLOCKED(ppEN C I CIRCUff SREAKERS CS

f SWITCH . SW
o AUTOMATIC OR U OR OTHER TYPE OF

TRANSFER SWITCH = ATS ' DISCONNECT DEVICE .

'OR- (OPEN/ CLOSED)'.
MANUAL TRANSFER
SWITCH . MTS

.

I SWITCHOEAR SUS . BUS
'OR

| (aus NAME) | - MOTOR CONTROL CENTER . MCC N N OR D.T.- * "'' TR ANSFORMER TR AN ..

I
OR
DISTRIBUTION PAnggt . PNL

;i.

|-
SATTERY CHAROER (RECTIFIER) . SC ,

'
i

SZ INVERTER =INY

I

.i

l 1
:: oR -(. RELAY CONTACTS

''

pugE FS7 (oPEN/ CLOSED) ,

I

nECum MOTOR Mm-M MOTOR OENERAToR MO
'

'

.

.;

!

..t

,

-
,

Figure 1.3-2. - Key To Symbols-In- Electrical System Drawingsm
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2. . GENERAL COMPARATIVE DATA FOR U.S. COMMERCIAL
NUCLEAR POWER PLANTS -

This section contains the following tables which present general comparative ,
data for U.S. commercial nuclear power plants:

Table 2 1 General Plant Data - Sorted by Plant Name-

' - Table 2 2 General Plant Data - Sorted by Utility Name
,

Table 2 3 General Plant Data - Sorted by NSSS Vendor and A-E-

Table 2-4 General Reactor Site Data

Table 2 5 Summary of General Licensing Data - Sorted by Plant Name-

- Table 2-6 Summary of General Licensing Data - Sorted by NRC Region

i
- !

!
.q

.

,

I

!
1

-j
*

i

.) -a

;:

i

'

i

!
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Table 2-L .! General Plant Data - Sorted by Plant Name

Reactor . Ptent City State Utility Restter seS$$ Arc hetecil Core Peeper feet Electrical 899e Reting
Type vender E ngineer eI Ws Ocepet towe 400C or OER

ANO-1 Russellvme . AH Arkansas Power & Lyst Co. PWR 84W Bechtof 2568 836 GEE ..

A&2 Russolivttre AR Armansas Power & Lgpht Co. PWR C-E Becntel 2815 858 eEE
-

% er Verley 1- Stuppingport PA Duquesne LWir Co. PWR W Stone 4 2652 810 eEE
Webster

aver Vatiey 2 Shippingport PA Duquesnetyitca. PWR W- Stone a 2652 833 eEE
Webster

Bonesonna 1 Scotrecoro . AL Tennessee Vasey Autherny PWR B&W TVA 3413 1213 ER

Sonetonte 2 Scotreboro AL Tennessee Vasey Authonty PWR B&W TVA 3413 1213- LER

8*9 Rock Poent Chartevois Mt Consumers Power Co. SWR GE Bechtet 240 69 eEE

Brauswood t Brenswood IL C.- T. Eeoon Co. PWR W Serpent 3411 1:20 eEE
& Lundr

8#susmood 2 Brenswood IL Commonweem Eeaon Co. PWR W Serge'it 3411 1120 eEE
& tund,

y Browns Ferry 1 Decatur AL T. - _ Valley Authorry SWR GE IVA 3293 1065 sEE
N

Browns Ferry 2 Decatur AL Tennessee Vesey Aut'iorny BWR GE IVA 3293 1065 eEE

8 owns Ferry 3 Decatur AL 1. .. : Vasey Autnorny BWR GE IVA 3293 1065 edDC

Brunsack 1 Southport NC Caroesna Power & Light Co. SWR GE UE & C 2436 190 44 %

Brunswick 2 Southport NC Cambria Poiser & Light Co. SWR GE LE&C.. 2436 790 eEE

Sy*on 1 Byron IL Commonnemm Edmon Co. PWR- W Sergent 3411 1105 eEE
A Lundy

Byron 2 Byron IL . Commoruvemm Eeson Co. PWR W Sergent 3411 1105 eEE
a tundy

Callaway Fulton MO Unsan Electnc Co. PWR W Bechtel 3565 t145 esDC

Ca! vert Chffs 1 Lusby MO Beitrnore Gas & Enoctnc Co PWR C-E 8echtet 2700 825 etc

Calvert Cliffs 2 LusDy MO Betimore Gas & Enoctne Co. PWR C-E Bechnet 2700 825 eEE

Catawba 1 Clover SC Duke Power Co. PWR W Duke Power 3411 1129- edE
Ca

Catawba 2 Clover SC Duke Power Co.. PWR W OtAe Power 3411 1129 esDC
Co

W Cknton 1 Cttnton it stinom Power Co. SWR GE Sagent 2894 930 OLR .
1 Lw6O Corrarcras Peak t - Gian Rome iX Texas Ott'ees Electnc Co. PWR W Gebs a 3425 1150 OLH
Hitt

Corru cre Pendt 2 Glen Ross IX Tomas Untees Elecinc Co. PWR W~ Gebe & 3425 1150 OLR
Hill

___in. ~ , _ _ , , . _ . N. a _ . 1, . -, - - , . - - - - . . - _, _ s-- _. _._ , _.__.c._.;--,-.--
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Table 2-L General Plant Data - Sorted by Plant Name (Continued)

Reector NSSS A rc hit ecti Core 7_ _ _ seet Electrices asWs needne
Reacter Plant Cit y State utstity

in. vendor Eaaine.r mWt oWest uw. moC or een

Cooper erownvi e NE Neerasna Put*c Power Destnct SWR GE Bums 4 2381 764 TEE
t

Row
PWR 88W Gefbert 2544 821 a0C

Crystad Arver 3 Red towse FL Flonom Power Corp ,

OC Cook 1 Onogmen ut mew #. Power Co PWR W MP 3250 1020 MUC

D.C Cook 2 Bndeman We indenamerngan Power Co PWR W MP 3411 1060 RCC

Oews-Besse omm Hareer OH reunio EdsonCo. PWR 85W 8echnet 2772 860 RCC

Dantpo Canyon 1 awe beach CA Peofic Gas & Etucenc 04 PWR W Pec4c Gas & 3338 1073 40C
Elec tric

Decio Canyon 2 Awen Ibsech CA Pacdc Gas & Eiscire Co. PWR W Pectc Gas a 3411 1087 a0C
Electric

Dreeden 2 Morris il Commonwomm Edmon Co SWR GE S c .; 2527 772 EEL
8 Lundy

Oresden 3 Morres EL Commornoemm Edmon Co. SWR GE Sergone 2527 773 TEE
a tundy

Duane Amokt Paio iA emma Electic Lignt & Power Co. 8WR GE 8echnet 1658 515 a0C
g

Farley 1 Dothen AL Aimemme Power Co PWR W 8echnet 2652 813 40C

Farley 2 Doenn AL Adebeme Power Co. PWR W 8echist 2652 820 tE L

F ern 2 Newport Mt Ostrost Edson Co SWR GE Detfoot 3292 1093 REE
Edson

ferspatnch Scnbe NY New Yort Power Authorny SWR GE Snone a 2436 778 MOC
Webster

Fort Carhoun 1 Fort Caroun NE Omene Putte Power Ostret PWR C-E Gees a 1500 e78 a0C
Helt

Fort St. %dm Ptattevette W PtA*c Services Cornpany of Colorado 6 GA Sergent 842 330 GEE
&Lundy

Game Ontano NY Rochester Gas a Elec1rc Corp PWR W Gisbert 1520 470 tot

" Grand Gutt 1 Port Geson MS Syseem Energy Resources, Inc. SWR GE 8ect'tet 3833 1142 a0c

Gennd Gutt 2 Port Geson atS Syssom Eriergy Resources, kic. SWR GE Bechnet 3833 1250 (LH

Connescut v rteo Anorne Power Co PWR W Sasne & 1825 569 00C
Hammm PhxA Hidemm Nack CT a

Webster
8WR GE SCSI 2436 756 40C

Hench 1 Banley GA George Power Co.
Sachtet

| tsJ Hatch 2 Samley GA Georgia Poser Co. SWR GE SCSI 2436 768 eEE

8echtet
( D

O Hope Creek 1 Salem fts Pubhc Sernces Enscinc & Gas Co. SWR GE 9echset 3293 1067 00C
'

inciert Poet 2 sidian Poet NY Cannotenauf Edson Co MUR W UE a C 2758 849 40C

.,__.
_ _ _ _ _ _ _ _. _____.___m. _ _ ___ _ ___
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. Taele 2-1. General Plant Data - Sorsed by Plant Nasme (Continued).

.

fleessor Plane City Onese Uttttty flameter 8308 Archtteets Case Mar East Gemeereses espe Reemog
Twee womeer Ennenser not osasse nWo upc or seR_

sneen Pome 3 heen b 80Y Oese Vera Paumer Auseroy PWR W LE S C 3025 965 IEC
,

as ,.o C_ u . We Wiscon eimac so,s o C. PWR W % 365e s3 sec ,

LJsSees t Souen el C- _ _ T. % Co. WWR E Ses9snt 3323 1937 eac
4 tundr* 8^2 Summe E- C_..._ __T EdmanCo. SuuR E Sesynst 3323 to36 esc
a tuner

t. e 1 7 __ m 7^ , _ Power a t;pe C?. 888R GE eschase 3293 1955 eeu
,

. L._ a 2 7 _ _ _ m -

_ Pomera (JgPt Cet SupR E 9echase 3293 1065 ER!
_ *

Beame Yardnes 95|osament h(' th Y Ausssac PunerCo. FWfe C-C. Senne 4 2630 e10 BWG
4Webetur

m1 Cornehus seC tedse Pouer Co. PWR W Ouho Penser 3411 112e tec
14

.'ecr'are 2 Comshus sec Otme Pomer Co. P4pR W Oedne Powe>r 3411 1129 esc
-

,

Co
( "_ m 1 Weer.,*ece Ci Beersheest Ushese SupR GE %. 2011 654 etc !

b
"-

, 2 Wo9ertere CT 80'ethemet utsees FWR C-E 8echase 2200 863 esc (\

eses 3 -- . L e CT L; _ __. Unsese . sR W Senne a 3411 1142 teG
- *

Webeene
esef9ceile " a .;. ese L M r. Smens Passer Cat M E Gothese 16TO 536 WR' i

* 96ne tone Poet 1 Scree NY 8tagare asseemmet Pomer Co. 955R E fangese e350 610 eeG i

!..
Mno tede Peert 2 Scree NY stegare esseheest Pouer Co. 555R E Sasse 4 3323 ,90 est

Wuebeemr
i 8eerft Anno 1 - ..; VA Wwynne Posser Co. PWR W Sesne & 2993 915 eEE r
,

Wateter !'

9eerm Anno 2 - ;.;; VA y_ Pouser Co. PWR W Seune & 2993 915 'tE
Webecer

Ocorset Sousa SC Ouhe Paner Co. PWR 84W Ov ier 2568 446 ecca

W,

Otonse 2 Seuce SC Ouhe Power Co PWR Saw Ovhet 2566 846 ecc 'L
!

,

8echts8
| Omnes 3 Sween SC Oneio Posser Co. PWR SSW Ovher 2540 see eeDC

'

,

I

l Oyesor Cases 1 forhed Rever 90 GPU feucesor Ceep. SupR E Oume4 1930 620 eE4
showtA Asseedse Souei;^ . ese C0:: .- .Pauer Co. PWR C-E 9eches* 2530 730 anDG j

_
6

Pues Verse 1 Wintereburg AZ Anrene Pueme Semco Co_ PWR C-E Sachese 3000 1221 800 0 t

Pete Veneo 2 W:neersturg AZ Areens Pienc Sarace Co. PWWR C-E Gochest 3809 1221 teC
.

~

h

b

I

|

|

. . ,~ . . _ . . . . _ . .. - _. . . _ . , ~ - _ _ - - . _ . . . ~ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . ___
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Table 2-L - General Plant Data - Sorted by Mr.nt Nanie (Continued)

!

Reester Plant Cit y Speee utse tty stone,or eISSS Arcelteett Ceee Peeer seu Esse +reces WWe Asseng
Type vender Engineer WWt O qA WWe WDC er 9ER

i Pese weree 3 Wneerseurg AZ armore Puthe Sorece Co. PWR C-E Eu 3000 122W REE

Peach Ossem 2 8%ech Osmen PA ^ . Deer & bgre Co. 9WR GE Me 3293 1051 eeC
,

Pumch Osamen 3 8%ecM9eesm PA Ptunnemappen Pomer & bpt Co. WWR GE SecMee 3293 1935 teC t
i

Perry 1 9esem Perry OH The Cseveaune Ensemic seureuroeng Co. EUDA GE Gdeert 35To 1295 teC
,

Perry 2 etsem Perry OH Casseemie Eeueme swoormene Co. SurR GE Geleert 3579 1205 ER

Pilgrup 1 Plymouth 80L Suseen hemunCo.
-

SuuR E SetMme 1996 6TO GEE

f Pese Gemen 1 Two Creshm WI Wisconom Electic Power Co. PWR W eschess t518 495 eec j

esse esmei 2 T== C,esme W1 wesenen Eiece e Power Co. PWR w eschise 51a 4e5 eeC !
''~

| Proene setene 1 Ruem est soureem Smass Power Co. 8"!sR W Per.noor 1650 503 GEE

Y Presne Island 2 And Vusy eSG Hur9eurn Samens Pumer Co., PWR W P. wor 1650 503 eet
tJe

j Oise Cens 1 Ceesse el C. . . _ ~- . EdessWtsee Inness Gee a Elecmc Gusm GE Sergart 2511 Tee eEE
' s tuner

Oise come 2 Ceresse et Corramenemmeh E . J .. -- Gee & Etocmc WWWR GE Sergent 2511 76e eeC ',

a tuner i

h Smas Camy Smeen GA Secrestones aturacipal Uther Dromet PWR 84W 8ec%1se 2712 873 GEL

Rear Sene 1 SL hentsovee LA G=ft Semies Useems Co. SUR GE Seer 1 2094 936 eeC
Wet- er -- [

Russreen 2 9 ear *svites SC CazMe Famer & Oght Co. PUUR W Etesse 2300 665 teG
i

i Seaum 1 m eu Piame Services Easeme a Gas Co. PWR W Pecshe Gee a 3411 1106 eec !

I Doctrk !

; ~ Sue 2 Suten WeJ Punec Sermose Easceic a Gas Co. PWR

-k D *ct"c
,

? Pacfuc Gee 4 3411 1106 GE)G
' Is_ _. _,.

SE.t Otr9e 3 .SmCheuence CA Seusism Cohemme Eceerv$mri Diego Gee & Enseme PWR # Oschest 1341 436 teC |
t

PWR C-E escMus 3390 1070 escSeaCw 2 SarCAerrorea CA
_

I..Sourism Cosmome EdmorvSen Dogs Gas & Esecnic
:

t
z'

Sanomes t 3 |SenCaerncree f Soupem Cahemmm EemorvSan Doge Ges 4 Eleccc PWUR C-E Gochese 3390 1000 eeC
'

Somereek i Sseerock msH presar Herreenso Yeruse PWR W UE & C 3411 1150 acc
,

'

y _ . t
, "- N1 ) *sociy-Dessy T8e [ Tennessee Wesey AidIhaney PWR W Tm 3411 114e eE]C

Seausymri2 Gne# Oersy i 96 m Wassy W PWR W im - 3411 114e emu !
!

| Snespan Name 1 ft== PA Pti, Casesse Power a baht Co. PWR W Fhmm= 2775 060 esc.
,

' l... I

<

d

wp . % w ,,r,. .7.-- a e + **e-'w 3e v r 4 - - - - .-w - ov -e < ur r c-u - ---- ------2e'- - - - - - _ - - - --- - - - - - - - - - -
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, Table 2-1. General Plant Data - Sorted by Plant Namie'(Continned)
r-

_

|

!

I (M Plant City Stese Utletty fleetter 81086 ArchHeeft Core Power geot Etostettes WWo Amossag
| Tese vesider E_ __ WWt Oueset Wupe MDC orOER
!. ~; 4 . . Oroothoven NY t.org sanne tigrerg Co. Surm E Seine a 2436 420 MR
l

Wetreter
Saum Tomas1 % iX 84sumen LigNeng a Power Co. PWR W Green a 3000 1250 GEC

| ~
i Seutt ienes 2 7- I ''. % Ligreng 4 Peeer Co. Fvm W Scouve 4 3800 1250 MR

Root
St Luce 1 h;-. sonene FL Fiende Power & Le Co. 898R C-E 5 m=== 2700 439 eEC

|

| St Lupo 2 Huectanoon :_, ._ FL Finnes Posee & Lge Co. 89WR C-E Eheman 2700 e39 eEC
I

( Swnmer Parr SC Soum Carolina Eteeme & Geo Co. 895R W Grftsort 2775 ee5 toc
|

| Surry 1 Grevel Moce VA Weyrne PowerCo. FWR W Senne a 2441 731 eEE
Weersie-

| S try 2 Geoves peack y4 voyrne Power Co. PWR W Seone 4 2441 781 ePJG
WWetrStee

| '- _.._1 % .ek 8% 7- , __ Power a Lgne Co. 85WR GE 8echemi 3293 1032 eWC
|

!. If Samposunno 2 Bere+ch 8% T- , _- Pomer a tignt Co_ GupR GE 8echtet 3293 1032 ed.Cm
| Treee esse -n1 L 4 ., Top s% GPU"A CosP - 84W Gdtrert 2535 FF6 40C
|
j trojen Prescott OR Perserie Generen EM Co. PWWR W 8ecesos 3411 1095 eEC

| Turtney Poet 3 Fionde Cny FL Flence Power a LigMt Co. 89fR W 8echtse 2200 666 es0C
I

Tureisy Point 4 Floride Cny FL Fiones Power & Ligre Co. PWR W 8echtet 2200 666 eEC

;.. ;Y _ L -. VT vennent Y.6 Mucseer Pomer Corp. SUUR GE Esosso 1593 504 eeC [
Wogue 1 C4 . G4 Gompo Peoer Co. PWR W Sochied 3411 1079 eWC [

Vegas 2 C., __ GA Goesge PowerCo. 89pf4 W Sochtet 3411 1019 etC
|Wesortore 3 Toft LA Lewomen Power & Lgre Co. rwri C-E Ebosse 3390 1075 etc t

Wees 8er 1 T.v. . Cny Tenneesee Wesey A ; a, PWR W TM . 3411 1165 MR

Ween Ser 2 Spnng C4ty TN Tenresome Vasey A; ;, Purr W TWE 3411 1165 U4

| W MP-1 fbcNone m C_ .. Putec Peeer Sigspay C,_.. PWR 84W UE a C 3TSO 1266 ER
W W MP-2 ftcNone m W Ptepose Power Stepay C,_.. SAR GE eurne 4 3323 1095 A ,

[*
W NP-3 Somep m Weefungen Pesc Peeer Simspiy C,1.. PWR C-E Em 3000 1242 MR
Woe Crest Suri.neten ets Woe Cseen poucesor oposeens Corp. PuuR W 8ecness 3411 112e sec

<

_ _ _ _ _ _ . . _ . . _ - ~- - ~ _ _ _ - . - --- - -
\
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Table 2-2. General Plant Data - Sorsed by Utility Nanee

I

j- Utilety Reacter Plant City Stooe'stoecoor MSes A rchite stA Core Posser seet Esseertees WWe Roseng
Tese Weedor E 1 :r WWt Outset WWe WOC or OER,

} Asoberne PoetrCo. Ferapy 1 Deshan AL PWR W Bodest 2652 813 GEE
|

Aembeme PouerCo_ Fersey 2
,

Detten AL- PWR W 8ecseet 2652 5 ". 3 GEE

,

Artzone Ptenc Seewsco Co. Pole Wenge 1 Wernersburg AZ- PWR C-E Gecneel 3000 1221 GEC
1

Anrene Pisenc Sorwoop Co. Peas Wonde 2 Wernersbarre AZ PUUR C-E Sechses 3000 1221 GEC

! Arirone Pteac Sonnes Co. Pete Wesde 3 .Tenersburg AZ PWWR C-E 9echsee 3000 122: REC

Assiennes Poseer P Ugfe Co. N1 Russefevote AR PWR Saw Seclest 2568 436 REC ,

Astieneen Pouer a Ugfa Co. Af00-2 RussettesIIe AR PUUR C-E Gectest 2015 858 SEC
' ~

Gemenere One & Enocesc Co. Cafeest CWIo 1 Laseby edO PWR Cf Seded 2700 825 GEC

Osmatore Gas & Elecenc h ~ Caseost Celo 2 Lesstry edO PWpR C-E Godest 2700 825 GEC
1

ta Baseen Edson Co ?.^ 1 Ptysnoweti es A GWuR GE Godest t994 670 REE
bo

Cseens Posser & 19 Co. L-_ _. 1 Soushport e.C GWUR GE UE & C 2436 790 REC

Careerie Poseer & Ugfu Co. Onsnowicia 2 Soumpert MC OWUR GE UE a C 2436 790 tEC

Centne Posser & Ugle Co. Rotensen i HertsveIIe SC PWUR W Elemme 2300 665 GEC

Careens Power & Ugle Co. Seteeren Herre 1 Stour HEI MC PUUR W Ebenes 2775 460 REC

Cleveland Elecanc sRemerusme Co. Nr2 faerth Perry OH GUUR GE Gilbert 3579 1205 Mft

Cesnmennessi Edmen Co. Gretjumee t SW IL PUUR W Sargoes 3411 1120 GEC
& Lundr

Commanussenh EssenCo. T - -^ -2 Grampassed IL PWR W Sognes 3411 1120 GEC
& Lurufr

Conemanneesh Edson Co. O,. 1 Byron IL PWR W Sargoes to11 1105 GEC
& Lundy '

Commanuselpi Esteen Co. Cyron 2 Byron 6L PWUR W Sergere 3411 1105 GEC
& Luruft

Commenneenh Edmon Co. Oseeden 2 Morres IL 'SuuR GE Segere 2527 772 GEt;

& Lundr
!w Commemmeath Edmen Co. Dseedess 3 Morris IL GuuR GE Sergese 2527 773 GEC [g & Lundro Commensuaden Edmon Co. LO1 Sueca IL SuuR GE Sespere 3323 1036 GEC

a tundr
Conrismauenh Edson Co. s"2 Seruca 6L SUUR GE Seryme 3373 1036 GEC

-

a turch

i

-

TW. y .= y. 1'nv eg 9y ey e-year-ggr--- w-9- " ' " +dW*- w-w-w _ W - -' th''-*''''N4-'"'''**-9 W_'h4weum -ma _wa------------a=---u--
'

' h--- - - - -
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Table 2-2. ' General Plant Data - Sorted by Utility Nasme (Contimmed)

i
i

util! y Roerter Plent City Seete 80eeeter 90008 AreMeects Core Posser Iest Eloetrieel mWe flestag
Tuse veneser snes or mWe outsee see sec or een

;
C -. EdmenCo, lean 1 - Ison IL PluR W Sesgese 3259 1940 =E -

4 Lisedy'

C_ _ EsAmon Co. Ison 2 Isen IL PUIC W Sesgese 3250 1040 GWG
4 lasudr

r

C-- .r EeossWeessemness Gas & Eisenc MCaos t Conssie IL SuuR GE Sesgese 2511 F49 REL!

4 Liendr
j; C_-- - Edisonneseenes Gee & Etodnc Oned Caos 2 Casesse IL SOUR GE Sesgese 2511 769 eE)C

-

,

: a tuner
I e - Yestee Agosenc Pequer Co. M festk Haddun9deth CT PUUR W Sessie a t825 569 GEX; - y

J
Welleser

C_
-

^ Essen Co. Inden Passe 2 tiean Posse RY PuuR 4 UE & C 2758 e49 kWC

C_ _ _ _ PoserCo. Og Recs Ptunt Csiastevent tee SuuR GE Godeos 240 69 eeG

C _- - _ _ Peuer Co. Potendes Seedh Hosen tot PUUR CE Godes8 2530 730 GOG ;

Deeses Esanon Co. Fonse 2 80eeport est SUUR GE Detrost 3292 1093 e@C
Edeon

Y Dideo Ptswer Co. Ceasetse 1 Clover SC PWUR W Ouhe Pommer 3e11 1129 40C
C Ce t

Ouhe Poser Co. Cassuntis 2 Clover SC PWuR W Othe Pener 3411 1129 4WC I

C.
Dame Power Co. 4AcGesso 1 Coenehtse SGC PUUR W Dise Poem 3411 1129 atC |

s
-

y
'

Ondus PtneerCo. GAcGesee 2 Cornehess feC PWWR W Didne Pouer 3411 1129 REE
Ce

Duhe Peuer Co. Onense t Seuse SC PUUR daw Ouher 2568 846 eeC '
Bodnet

Ouhe Peeer Co. Ocasse2 Senate SC PWuR 88W Duher 2564 846 kWC
*

Bodeaf
Dise PeeerCo. Onenso 3 Smoon SC PWWR 84W Ouher 2568 446 esc

9edee8
Disquesne Ught Co. Geover VeBoy 1 Simppengport 5% PWWR W Stone & 2652 810 teC

- 1

Duqueeno ugPs Co. Boeser vesey 2 Steppengsort PA PUUR W Stone 4 2652 833 GEC
Watsster

Fkwetle Ptnoor & Ugfu Co. St. Lescue 1 Histfesupon teemsus FL PIAft C.E Humens 2*00 439 eeC

Fiones Power a Ught Co. St. Oscue 2 Huhsenoon teenne FL PuuR C-E Buenos 2700 839 acc
,

W rionea Power a Ugre Co. Teneey Pese 3 Fiones Cey Ft puuR W sednes 2200 66s tec .

g
, ~ . u,,e Co. T.e e, ~ e . F.or C., n - W oo.,es, 2 2.. . .6. c

Flonde Power Co9 Cryseal Reser 3. Radleest FL PUUR 84W Gassert 2544- 421 teC

1

. . .

_ q w .- -+.g.- g7.a9 y.c g. g g,_p, .p. .
_ _
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- Table 2-2. General Piant Dats _ Sorted by Utility Nanee (Continued)

Utility Reector Plant City State Reector NSSS Archeteet/ Core Peerer Not elecersent etWe stemog ;

r,,e ver w er.. ..or mW1 ootet mWe moc or een
'

Goesgm Power Co. Huicit 1 Basley GA OWR GE ;SCSf 2436 756 ME~

secteet

Georgm Pomer Co. Haect 2 Bexley GA OWR GE SCSI 2436 768 40

eectnet

Gooegm eomer Co. Vogne t Waynestwo GA PWR W Becmol 3411 1079 WE

Goospo Ptnser Co. Vogee 2 Waynestero GA PWR W Oedset 3411 1079 WE

GPU Nuclear Coep. Oyseer Crook 1 Foshed Rwer NJ OWR GE- Sums 4 1930 620 WE
Rae kr

GPU Nucseer Corp. Itese thee island 1 Londondeary Top PA PWR BSW Gamert 2535 776 MJC

Gus Simone Usemos Co. Anor send 1 St. Frenosvee LA OWR GE Seane & 2894 936 40
Wetnter

Houston Lagrem0 & Power Co. Soulh Tenas 1 Palocsos IX PWR W Brown 4 3900 1250 WE
Roes

Houston Ligfemg & Power Co. Soups Texas 2 Pelecaps iX FWR W Bromu & 3800 1250 ".AR
RoestJ
m; 2894 930 LEEb lances Ptnser Co Chnlon 1 Csenton fL BWR GE e

O g turufy

insenedectugen Power Co. DC. Cook t Ondgman Mt PWR W MP 3250 1020 MUG

Ineenspectugen Power Co. DC. Cook 2 endgman ri PWR W AEP 3411 1060 ME

tome Elecenc Lig*e & Power Co. Duane Amo#d Pelo IA OWR GE secreet t658 515 WE
_ _ _

Long tseend Li tY 43 Co. Shoremem Brookhaven NY OWR GE Stone & 2436 820 UER
t Wetnter

Lounsens Power & Light Co. Wesertord 3 init (A PWR C-E Etemno 3390 1075 WE

Mesne Yartoe Atomic Power Co. M Yermeo Wacesset E PWR C-E Stone & 2630 810 ME
Webster

Nebraska Ptelec Power Detnct 'Compar Brownestle FE OWR GE Burns & 2381 764 WE
Ibo -

New Harripsture Yankee Ses% 1 ~ Seatirock 904 PWR W UE & C 3411 1150 aajC

New York Power AuthorIIT F ellpatrick Scr6e NY OWR CE Stone & 2436 778 4E
Wetster

New York power Authorey ineen Pese 3 Indien Posnt NY PWR W UE S C 3025 965 ME

Nangere Mowheek Power Co. Nine hade Poen 1 Scree NY OWR Ge Mangera 1850 610 WE
uohees

Niagara hoowheek Power Co. Nine late Poet 2 Screa NY OWR GE Stone & 3323 1080 ME
Wetneer

Northoest Ulsteeos assessons 1 Waterford CT PWR GE Himmew 2011 654 edDC
,

_ ___
- _

--
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Tatde 2-2. General Plant Data - Sorted by Utility Nanie (Continued)

Uttitty Reactor Plant City State Itoector OESSS Architectf Core Power feet Electrical WWe fletleg

Tree Vender Ene3=eer WWt Oeesert WWe WOC er DE84
peortheast Utesses medistone 2 Waterford CT PWR C-E Becmeet 2700 963 att

meertheast Utenee taliseene 3 Wese*tord CT PWR W Seone & 3411 1142 GOC
Webster

peerthom tmuses Pouer Co. esoneswmo econtsceso adN BWR GE 9edest 1670 536 e0C

poorghom Semens Power Co. Preerie teennd 1 Red Wsig eCJ PWR W Peeneer 1650 503 40C

peerthom Semees Pouer Co. Pre.no 4tand 2 Red Weg 490 PWR W Phoneer i650 503 eEC
<

Omahm Pienc Pouer Dements Fort Casioun 1 Fort Casioisi pee 8'UUR C-E Gees & 1500 478 eeC
Hitt

Pecac Gas & Essenc Co. Ommeo Cariyan 1 Avea Beacts CA PWR W Posec Gas & 3338 to73 90C
E'ectric

PetWe Gas & Etodne Co. Demen Conyert 2 Aven 8mm e - CA PWR W Poahc Gas a 341I toe 7 eEC
Electd:

r_ _ ,^ _ _ Pueer & Uspe Co. Sampshmreue 1 eerencet PA 945R GE 9edese 3293 1032 teC
4 tJ

L. _ _ , .. _ _ Power & bgfit Co. Sumpshereie 2 Beresch PA 94WR GE Bectuel 3293 1032 GOC

F9tendetsum Pouer & Ught Co. Lonendt .1 Ponseoen PA UWR GE Bedeel 3293 1055 #EC

Pheodo4Wue Power & Ught Co. Umonest 2 Poestoon PA BUUR GE. Bodeel 3293 1065 0U4
,

Phandolphia Power & Ught Co. Poes Buesom 2 f%essi 9meent 5% 0.JR GE escsised 3293 1051 amC'

Phendugdum Power & Ugfe Co. Poem 9enom 3 Poetsi 8enesse PA . 9WR GE (>scenet 3293 1035 GOC

Porteand General Eteene Co. Irogen Prescoe OR PWR W 9ecsese 3411 1095 acc

Ptehc Servsose Centpeny et Coenredo Fort St. Vrours Pentleweise CO HRR - GA Sergere 842 330 aEC
& Ltsndr

Puenc Services E4aric & Gas Co. Hope Creek 1 Sesem 9U BfWR GE escfiest 3293 1067 eEC

Putec ServMme Eleonc & Gas Co. Sasum 1 Seesm seJ PWWR W Poohc Gee & 3411 1106 4@C
Electric

Putec Services Opdric & Gas Co. Sesem 2 Sassm 88J PWR W Pache Gas & 3411 1106 e@C

'l Electric
' Radioseer Gas & Elsoric Cop. Gesim Ontario NY PWWR W Gdbert 1520 470 #CC

W Sacramento taunicapel Utday Distnd Runessesem Cloy Semesert CA PWWR B&W 9edoes 2772 473 eEC

Soish Caratne Eleanc & Oss Co. Sessenior Parr SC PM W Gdbert 2775 885 AEC4

,

Seidhom Camenum EdsonrSon 3 ego Gas & Eteone San Onsen 1 See Cameren CA PWR- W 9edese 1347. 436 eec

_

i

, _ . . . . ,. , , , . , , ,, . . , .. , m. . . _ . . . _ _ . _ _ _ , _ . _ . _ _ _ _ ___ , . . _ _ _ _ _ _ _ _ _ . . . _ . , _ _ _ . _ _ . . _ _ _ _ . . _ . . _
_
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s E
e Ds
n -

e rs e
,.-_

e0 C C c G C C C C .-: C C E R B C C C ; C H H B R I

E e O E 0 E m _.
G R G O D M W E E e EW0 X
E E E t E E E t E ED D O D G G t G e 4 G kW5 k # G t G a

s
e
ce a

-orW -

.

-

t
eW .

e
t
Et xu

o 0 0 2 e 3 3 5 5 5 s t 5 5 0 0 5 5 a

t t 7 0 4 5 1 1 6 6 6 e o 6 6 5 5 0 0 4 4 5 5 1 1
-

ss e 0 1 2 2 2 9 0 9 i t 1 1 1 1 2 6 1 0 1 1 4 s
-

_eO t 1 1 1 1 1 1 1 1 t 1 1 1 1 1 ' 8 1 5 9 9 7 i
t

_r) e _
d s
e u

P -u -

n et 0 0 3 3 3 3 3 3 3 1 1 1 1 5 5 9 2 5 3 3 3 1 3 _

sW 9 9 3 3 1 1 9 9 9 1 1 1 1 2 2 7 7 6 9 9 9 4 4
*

e,-

i

n CW 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3' 3 2 3 1 2 2 2 2
*ea 3 3 0 8 4 4 2 2 2 4 4 4 4 4 4' 5 7 5 5 0 8 4t

-

m

o s

C c.
+

t

( e r r r r ,

& S - ae 4e ae ae w
l s

it : t t t e
e s e s e e e i t e ee h" m e m e

.

M W m M
s e e n c e es ees ese s s
df hl e n s nt nt ne -

m M M E h A6 eil 7 d c e e oe u a ee
sn c _ o f e d t

m c t c t e s h e e -r - e s o o
t E W SW SW sW e

T T T T T T GM GH C 9 pa AE S O S S i

N r
e m

Sd W W W
-

y Sn E E
l NW C C G G S S G G G W W W W W W G 9 W R W W W W
t Wo E E S & E E E E 4- - vi

i
t r_ U o

tee R R Ry se R R R R R R R R R R R R R R R R m R R I

W U W Uf U U U U 8 5 U U U W U U W U 5_

_

b ow W W u U U U M 5 5 W W U W U W U U U 5 W U W W
_ RT P P S G P P 8 9 9 P P P P P P G P P 9 P P P P
_

4 e
t

t A A S S L L L . L N N N M X A H H 0 T ~a
S C C e t A A A A A T T i i T T O O 8 V m * * m_ t t

t e 0
t

_ e ,

S v

_ e n y y y e,.- s e n n e n y y r r k h
r e c c

-

-r re e o e e s
ea n n o o

W
a a e oe e e e hD D C C n m P su te te

le

m r Nee p
t n w e e

h W We
r u uk u g g R R H n r

e.a r r
y C o G G sa ee n n e L e m n m e e

o e e wl sD e a n net t ct n n w s m v d

h
u u up o u u o r

eo e o p r ri a a t o e
S S S S e G eO F w t t G otDC S S P P S s

t
n
a 1 2

t 1 2 3 el n h m sP a y y y s s e +

r r r 1 2 P P e s 1 2 .r r r u e
s

e
i

l 2 3 1 2 1 2P s e s
al e

s s S e e e 1 2
er

e r r e Y
p

A
- - F F F h h u u e o sa r s es G G

u u
t s 1 ai a a S S J 1 4 n Ar o n n - _ e y y e et n o s s s - y

s
-

-

i
h h y ye c O O e e

_ - _ u m s e m
un n n y p e e r

u e e s es
t r r *n a n n e e -

_

-
-

_ i

o W -

C P D C V 9 s S s *

r u s ts r

R S S O
s n e - e e - e e e e oe e a a s

O T T C C a S S W 0 e
W CG

ac c
n n
e e

. c c

2 ts t
s

- E E
2 & a

e oe n e
l O G

.b o.o e C pa g g s

T o a s o
D p n C

.

e rm e ,n n c. c
a

o
-

n s we e e

b,
e u

S S b n
y y y r y y r y y . e

fn w
m e s u e su su u o

s
e e e o. o t Pe e e e e e e e

C C se s s s s s s s
o su

E _ s o u n n

A A A A A A
s n r h

.

o

su e
a r h h h h h h h h h e c ce *
i u s d d s s s g s s t i

e s A A A
u s u u au e e a

c c c
s s o . P r o

.m ; e e y y y y y y y a t n o

%
u y

o s o o s s s E E E t

C o O C C CR R or er B A B A A e eB e c no y y
m e - r r r

e
. s m a e s 8

m
u e u e e u s

h
g g e c e en n t s = w w o.o a s

eW v W V v V Ur s Wo a a osC C e i

s e e
o o ot m c Y % P P ee s e s a ep s u s tE E e.i

m s s - s
Zw e e lo E Ey r e e s n es at D u n

t s h a e ns e e e e Cn n m m d n n n

b.
u eo

l u s s t
s

_ _ e - _ _ ; o e o h
le io

-

ug g g g
t o e y y o

_ - n .

_ _e _
i u s n m m e

o n h o W h
W V V wU S s S S T T T T T T T T t T T T T U

g

Y[

-

t| {r|| :s| |j |i I I l|I|t| i;i' I |; | l'



e

m
_

_

ga - ~ _nsee-

e
l r
f o

e
c G

e-6 M e- +3
R CRc B i

W ia G mk i

se
e esrsent ao
s
Es en 6 5 2 8

6 9 4 5 5 3 2 7t e
ow 2 0 2 8 8 0 1 5sol

1 1 1 4 4 5 e 3

) r
d e
e w

os Ps
i e 0 3 0 5 8 0 1

w 6 2 0 1 1 5 1 0t v
o 7 3 0 5 5 5 4 0n Ce 3 3 3 t t 1 3 4o

C s
t

( e-
e : re t

: & ra
- C .

^

- le ue

>- o &sei h:
- ; e s - eem c
. E
_ a -

_ m
-

- P - SW
m J s nt

CMa r a e
As U s TN

r
ey Sd

t On w Ei
l ee a E -
i ev S G C W W W W W ys
t a
U cr oo p

t ay ce
W R R R R C

b os r R Rl I

gE U U u U W

hA
ou u I U U O g U e nl 'f T P S P P P f P P isd sse ,e

t o % 4 S Am ct I I
tr S g 4 t

u 3 W W W K e nr
eo c
sS nesEn- e esy

a e e n mine e at d d s la e
s o n p eD

S.a n n a se e p C C e m -D ee e CRy u e s
tp s e o o w r n? EEc e a a s u u8 t tt C f F S T T C G R DDn

a
l tP ne 1 2 :t e el S :

a d tc b n u
e e m u s

r r s
-e o e R e

e e 1 2 3 s pS S C et - - -n e P P P e e s
e s 0 e e s ds 8 e

o 9 9 9 e ue u 5G W W W P P r 1 vl
f

.

2
-

2,

e
l n e n
b o s e

e
e s sa m u s
y y y

.T S S S
sa
p

y y r
s s e

p .

p. Cy p p
.

o sa ng e gu oS S S C C C m .

u o -
r r r r r

W
se e e e e o Ce u s s

s e p ce o o o s O e
P P P P P m

r e
e e ts a te e nc c e c s us

m
b b e s a s

au u u s c m cP P P e e a nt l s et E En e k se r s i s
y J g p e e e A _s s m e

s
t n n n n e _

u N o n C ei s
_l ^

_ s s c o S s
it o s n h u ss

U T u u u u W e
t t W v U v

JW Mt
I

_ <



-

- - -

Table 2-3. General Plant Data - Sorted by NSSS Vendor and A-E

.

. Reester esBOS Architects Itsector Pione Core 8souser seet Elecertess WWe Roseng City Steee Utility
| Tree venager Emaineer WWt Outest WWo DOCorOER
! Puun 84W estseel AN O-1 2560 036 RE)C Roosesudeo AR Amannes f%emer a Lighe Co.

.
PWR Baw Sossess Deves-8eese 2772 060 GEC Omst Hueer OH Teamen Edmonce.

PWUR Baw Secleet RuusioSmes 2772 873 GEC Cemy Samaan CA Sacrammeses W Uedty Desents

PWR 84W Ouher Onenne t 2548 846 REC Sasusa SC Otto Pouer ce I
Seceitos

PUUR Saw Demet Ot snes2 2568 846 4EC Sasume SC Ouhe Pauer Co. I

Ses$tel *

PWR 84W Deest On ouse3 2568 846 DEC Susume SC Didne Pomer ce. '

Sossemi
fPWR Saw Getport Cry sees fluer 3 2S44 021 GEC Reetsual FL FInside Pouser Casp. r

PWR Saw Geeport Ttum o tee lesene 1 2S35 776 REC Lenenneeny Timp 9% GPU poucemerCasp.

PUUR 88W M 8eso bsee t 3413 1213 MR % AL Tessioease Vaasy Ausiesey

y PUWR 88W M Osseto so 2 3413 1213 mR Scsssessee A t. Tennoosee Wesey Ausessey

PWR- 84W UE S C W MP-1 3760 1166 MR mchsend m ---

_. 5%tec Pouer Suppsy Syuespi. _ _

PWR C-E 8ectest AN O-2 281S SS8 #EC Rarose#wsIIe AF Amenoso Ptsuser & Liggs Co.

PUUR C-E 8ecsest Capwort Cello 1 2700 825 midi , Lustsy GS Gemensese Gee a Eascenc Co.
[

-

,

PWR C-E Ma Cetweet Ches 2 2700 e25 GEC- Lustny he- Saannese Gas & Etscoac Co.

PWR C-E 8esseet theseene 2 2700 863 GEC Wesestoves CT ^^ J^ Utsesse [
PWR C-E 8ectest Petmodes 2530 730 GEC Souse Mouse 801 r_ . 9%, user Co.

,

PWR C-E 8ectilel Pole Westle 1 3000 1221 GEC WensorstMseg AZ Anrene Putec Serwee Co.

PWR C-E Bedest PoleVente2 3000 1221 GEC ^^^ ^ -g AZ Anrene Pedec Servues Co..-

!PWR C-E Becheet Pole Vertie 3 3000 1221 GEC Wweerstpierg AZ Antone Put$c Sorweno Co. '

PWR C-E Bedeel San Onoho 2 3390 1070 GEC San CInnuwee CA Soupuom Cablenus EeoestrSon Otego Gee & Elecenc ;

tcJ PWR C-E Bechset Sen Onsho 3 3390 1080 GEC San Casussee CA Soummern h Ethoeve6er: Doge Ges & Elecenc [
e

!PWR C-E H==rn - St. Lucio 1 2700 839 GEC Hutt$ureen Intered FL Finnes Pouer a tJght Co. '

PWR C-E R- St. Lucio 2 2700 839 GEC Hinesuneen ts!snel FL Flando Ptr=er 4 t.spfe Co.

i
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A

Table 2-3. General Plant Data - Sorted by NSSS Vendor and A-E (Continued)
.

S

Reector Nees Architectf Rosetor Plent Core Power feet Electrieel WWe Reeng City Stato u ts11ty

Twee Wonder Enelneer WWt Oueset WWo WOC er OER
PWR W Gilbert Gsous 1520 470 40C Onenne MY Recmseier Gas & Electic Cosp.

PWR W Geert Summer 2775 885 40C Parr SC Soest Carmene Eteonc & Gas Co.

PWR W Pacmc Gas & Doeso Canyon 1 3338 1073 00C Avem Beech CA Pacec Gas & Elecenc Co.

Electric
PWR W Pacmc Gas & Disties Canyon 2 3411 1087 #EC Avde Beech CA Paafic Gas & Osctnc Co.

F W ne
PWR W Pasec Gas & Setem 1 3411 1106 REC Sanom MJ PtA*c Sorwucos Electnc & Gas Co.

Electric
F9WR W Pacmc Gas & Salem 2 3411 1106 40C Sesem su Putec Sorwooes Eteonc & Gas Co.

Electric
PWR W Puenser Mauewtoo 1650 503 00C Carson WB Waconers Padec Serwace Cosp.

PWR W E%neer Prame island 1 1650 503 00C Red WWiG 888 Mofwoom Sameos Power Co.

PWR W Pioneer Prawie island 2 1650 503 40C Red Wing tes neos1hom Sampos Power Co.

PWR W Sergers Brasswood 1 3411 1120 40C 8-osiswood il Commonumammeh Edson Co.

k & Lundy
PWR W SC W Brandescod 2 3411 1120 #CC Brasowood IL Commonusemeh Edmon Ce

& Limov
PWR W Sargent Byfon 1 3411 1105 40C Syron IL Commonumeneh Eeson Co.

& Lundy
i PWR W Sergs.a Byvort 2 3411 110! AOC Syron IL "N Edson Co.

& Lundy
PWR W Sergere ten 1 3250 toes AOC Zen IL Commonsomeh EA es s.

4tundy

PWR W Sergere Zen 2 3250 to40 t0C Imm st Commonwesen Edson Co.
& Lundy

PWR W Saane & Beater Vaney 1 2652 810 40C Chappegport F% Otsipu=sne Ugts Co.
Webster

PWR W Stone & Beaver Vasey 2 2652 633 40C Stuppongport FM Ducasesne Ug e Co.p

Webster
PWR W Saone & Hedtsurn Nedt 1825 569 BCC M Nedi CT Connesecul Yarese Asernsc Pouser Co.

Webster
FWR W Saone s unstone 3 3411 1142 GEC Watofford CT Noreseast Uttises

Webster
i ' PWR W Saone & North Anna 1 2893 915 40C Mmeral m Vegrua Power Co.

Webstar
w PWR W Soone & North Anna 2 2893 915 40C M meral * Vrgrus Power Co.

Webster
PWR W Secne & Sorry 1 2441 781 00C Growoe Peoch * Vegwee Power Co.

Webster
PWR W Sanne & Sorry 2 2441 781 4EC Guessi pendi m Virgsrum Power Co.

Websier

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . - _. . - . . ~ . - , . . - . _ . _ _ - _
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Table 2-3. Gee d Plant Data - Sorted by NSSS Vendor and A-E (Continued)

Reacter INSSS Architects Rew;.i . Plent Core Poguer Met Electr6cet WWe Reelsig City State U tilit yType Vender Ensleeer WW1 Oeepet WWe WOC er OER
PWR W Stone & farese Rome 600 167 TOC Rune MA Yankee Asomsc Eiedne Co.Webster
PwR W tw Se e s 341s 1949 TOC Somy-Desy TN Tenneesen VaAsy Authorey

PWH W IVA Sepseysh 2 3411 1148 40C SoWy@asy iN Tenneesee Vampy AtAhorsy

PWR W Tw wens ear 1 34s1 11 s.s OEft Sonne Cey iN lennessee Vasey Authorey
_

PWR W im Waus Bar 2 3411 1165 DER Spnne Cey iN Tennosese Vesey Avihar:_y

PWR W UE & C Insana Pese 2 2758 849 eOC Iretters Posnt MY C- : Eden Co.

PWR W UE S C Wishan Posu 3 3025 965 GOC ^." . Poes NY 90ser forti Power Authoaey

PWR W UE & C Seatwook 1 3411 1150 ROC Sestreek NH 90ser Hesquehoe Yarewe

Notes: MDC - Mammurn Dependusse, repareyy
DER - Dee.,pri Eiedne Rmein0

-

W

_ -- -. . - . - - . --- - . .. . - - . - -- - __
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( Table 2-4. General Reactor Site Data
i

l

Plant Home Location Water Source Ult. Heat Sink SSE Tornedo Wind
| Horir. G*al Vert. G*e Speed (MPR)

~

ANO.1 RusseNik. Arkansas Dardanese Resevoir Same 0.2 0.133 360

ANO-2 Russelville. Arkansas Dardanet!e Resevosr Nat. Coohng toey 0.2 0.133 360

Beaver Valley 1 & 2 25 M. NW Pittsburgh. Pa Chio River Nat. Cooling Towers 0.12 0.08 360

Belbsfonte 1 & 2 7 M. ENE Scoteboro. Ala Gunterswdle Resevoir Nat. Coohng Towers 0.18 0.12 3E0

Ehg Rod Pomt 4 Mi. NE Charlevcum. M Lahe Mchegan Swne 0.05 9.05 210

Bra h * 1 & 2 2 M. S Brandeoed. IE. Kanahee Rever Bradmood Lake 0.2 0.133 360

Bnystns Feny 1. 2, & 3 10 M. NW Decaeur. Ala. Tw-- _ _ _ Rver Rver/ Mach. Cochng Towers 0.2 0.133 300

Beunswd 1 & 2 19 M. S ^.^;L_ . - NC Asantic Ocean Cape Fear Rver O.16 0.107 360,

o

| Byron 1 S 2 41h S Bryon R Rock Ryer Nat. Cochng Towers 0.2 0.133 360

Caliaway 10 M. SE Falcon. MO Missouri Arver Nat. Cochng Tower 0.2 0.133 360

Cahrert Chfis 1 & 2 AO M. S Annapons. MD Chesapehe Boy Same 0.15 0.1 360
.

Catawba 1 & 2 19 Mi. SW Chartone Lahe Wylie Moch. Cochne Towers 0.15 0.1 360
'

Chnson 1 Harp Township. N. Salt Creek (N. Fork) Laho Chnson (Manmade) 0.25 0.25 360

Comancho Peak 1 & 2 40 M. SW Ft. Worth. TX Squaw Creek Remevoar Same 0.12 0.08 360

Cooper 23 M. S Nebraska Cay. NB Missouri Rever Same 0.2 0.133 360

Crystal Rrver 3 7 M. NW Crystal Rrser. Fla Gulf Of Merco Same 0.1 0.067 360 *

w
'

:

|

|
, , . .

. -. -. - . . - ._ =.. , . _ - - .___-.-- - -- - - - ---- -

|
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Table 2-4. General Reactor Site Data (Continised)
,

?

P%t Nome Loestion Water Soerce IMt. Most Sink i SSE Tornedo Wind (
Herts. G*e Verl. G*e Speed (MPM)l-

D.C. Cook 1 & 2 'O M. S StJoseph, M Lake Mdugen Some 0.2 0.133 360

Dems Besee 21 M. E Toledo, OH Lake Erm Net Coolmg Tower 0.15 0.1 3M+
;

Diablo Canyon 1 & 2 12 M. W San Luis Otuspe, CA Pacdc Ocoon Same 0.75 0.5 200

Droeden 2 & 3 9 M. E Morris. R. Kanehoe mver Coo W Lahe 0.2 0.133 200 +

Duane Amokt 8 M. NW Cedar Repsds 10 Ceder Rwor hiech. Coolmg Towers 0.12 0.096 360
,

Farley 1 a 2 16 M. E Dasien, Aie. Woodruff Renewoor Medi. Cem Towers 0.1 0.067 3G0

j Fermi 2 30 hE. SW Deenst MI Late Ene PA. Coasmg Towers 0.15 0.1 360
,

7

[J Fitzpatrick 6 M. NE Oswego. NY Lahi, Ontano Some 0.15 0.1 360
t
|'

Fort Calhoun 1 19 M. N Omaha, NB hesscei Fhwer Some 0.17 0.113 360 5

Game 15 M. NE Radioster, NY Latio Onteno Some 0.2 0.133 132 ;

Grord Gulf 1 & 2 25 M. S 'i _ i _ _; W River Not Cochng Towers 0.15 0.1 360 |
|
L

Hadden Med 13 hei. si Mariesn, CT Correcacut Rwer Sessee 0.15 0.1 360,

Hench 14 2 11 M. N BeAy, GA Alleheme River Moch. Coolmg Towers 0.15 0.1 360
i
'

Hope Creek 1 a 2 8 Ilan. 9W Salem. W Deiswere Rwer Nat. Cooling Towers 0.2 0.2 360

indlert Point 2 & 3 25 M. N New York Cny NY Hudson River - Some 0.15 0.1 300

Kommuneo 20 M. N Monepwoc Wi Lahe hedngen Semo 0.12 0.08 360

w
|

.

I

i.

|

$

>

w r..- < . -- , , e- , - . __ _._______m_ . _ . . _ _ _ _ _ _ , . . . _ . . . . - _ _.____.m . _ . . . . . . _ _ . _ . _ _ _ _ _ _ _ _ _
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Table 2-4. General Reactor Site Data (Continued)- i
1

|

Pient N tecetsen Weier sewee un. Meet sink l SSE Termode Wind
Noria. sa vert. se seced (WPM)

I shna 1 & 2 12 M W Morfe.15. Iltnoes R war 2058 Acns Cochng Lake 0.2 0.133 360

Lunenck 1 & 2 30 M. NW PN Pa SchuyauN Rmer Nat. Cochng Towers 0.15 0.1 360

Maine Yardise Wicaneet. Mair,e Black Rwer Montswr,ag Boy 0.1 0.067 - 360
t

McGuse 1 & 2 17 M NW Chertone. NC Lake Norman Semo 0.15 0.1 360 ;

Mdissone 1, 2. & 3 5 M. SW New London. CT Long ' eland Sound Nienac Boy 0.17 0.113 300-

I

Montsoollo 30 M. NW Renneapoks. MN thesissippi Rhrer Macit Cochng Towers 0.12 0.08 36C

i,

Nine RNe Point 1 8 M. NE Osmogo. NY Lahe Ontano Some 0.11 0.055 360
;

'tJ
y Nine 940s Point 2 8 M. NE Oswego. NY Lahe Ontano Same 0.15 0.1 360
t2

North Anna 1 & 2 40 M. NW Rctwnond VA Norti Anna Reeevoir Cootng Pond 0.12 0.08 360 s

Oconee 1. 2, & 3 ~ 4:s ' A. W Greenvdle. SC LakeKeowse Same 0.1 0.067 360

Oyster Creek 1 9 M. S Toms Rver. NJ A5anec Ocean Bemogat Bay 0.17 0.113 360

Pahsedes 35 M. W Katarneroo, M Lahe hechgan Mech. Coonng Towers 0.2 0.113 360

Palo Verde 1,2. & 3 2 M. S Wintersberg, AZ Domosec Waeor Moch. Coohng Towers o.27 0.18 300

Peach Bonom 2 & 3 19 M. S Lancaster PA Susquehane Rwer Rver/Moch. Cochng Towers 0.12 0.08 360 )

Perry 1 & 2 37 M. E Cleveland. OH Lake Ene Nat. Cochng Towers 0.15 0.1 360
!

Pilgnrn 1 35 M. SE Boston. MA Cape Cod Bay Same 0.15 0.1 300

1

, . _ _ _ _ ~ ~ . _ _ _ _ . . - . . . . ~ . . ._. - . _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ . _ _
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Table 2-4. General Reactor Site Data (Continued)
'

,

t

!

Plant Nosee Lecetter, Weter Seerce UN. Noet Stok 3 IE Termode Weed i
'

Norta. G*e Vert. G*e Speed (WPeg

O. , * _ 1&2 7 M. NE Berned. 6A ? , _' _- _ Ftwer Not. Cochrig Toeurs 0.1 - 0.067 369

TMI.1 to 04. SE reemoburg, PA hasp =8eenne River Not & RAsch. Cooing Tossers 0.12 0.00 340

Tropan 30 RA. NW Sortend. OR Columine Inver Nat. Cootng Tower C.25 0.167 203

|-Turkey Point 3 & 4 25 M. S teami, FL giocoyne Boy- Canals 0 15 0.1 225

Vemeent Yoshoe 5 M. S Beestero. VT Conparerad Rever ftverftAndi. Cochng Towers 0.14 0.093 360

i

Vegas 1 a 2 3e R4. SE Angues. GA Sevennah RPror test. Coetng Towers 0.2 0.133 360

i
Waterford 3 Tah. LA tenoiesspgn Rever Sene 0.1 0.067 360

tJ
*

;a Wans Bar 1 & 2 8 M. E Spnne City. TN Chsdiemunge Lalso test. Coetng Tousers 0.18 0.12 360
,.

A

W MP-1 Hanford. WA Cohsmene 8tver tescen. Coahng Towers 0.25 0.167 363

W NP-2 Hanford, WA Columine River RAsch. Coahng Tossers 0.25 0.167- 360

WNP-3 4= sane WA N/A Not. Cooteg Tosser 0.25 0.167 360

i
Woe creek 4 R4. NE Burtngton, u Wo# Crook Cootng Lahe e000 Acre Cochng Lake 0.12 0.0e 360 t

!
EYardeo Romo 20 R4. NW C. ... . _ ^. M4 Sherman Pond Sauvee 0.1 0.067 110_

:

fZen 1&2 6 M. N Wauhogen. Bl. Lahe hectogen Same 0.17 0.113 360
;

i

!

I
.

, t
!

._i.

.

f

!
t
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Table 2-5. Summary of General Licensing Data - Sorted by Plant Name

NRC Doctiset e Reector Plent Reector fESSS NRC Constrection Opereelseg Uc. Power Esperateese Ceanse I Does et teseos(39- 1 Type
_ _ . _ . Poemelt Licence 81W8 Doce 08e ? Cosen 1 Ooe313 ANO-1 PWR 84W IV 1216168 5/21/74 2568 12/6/08 its 12/19174

362 ANO-2 PWR C-E IV 1216172 12/14178 2815 12/6/12 lies 4/26180

334 8esper Vasey 1 PWR W- I 6/26170 7/2/76 2652 1129116 ilus 10/1/76

412 Souwer vasey 2 PWR W I 5/3/74 8/14187 2652 5/27/27 Ilus 1?/17187

438 Some8onto 1 PWH 84W $8 12-24-74 N/A 0' N/A trMpetrate N/A 1

a-439 SeNetoner 2 PWR B&W li 12/24/74 N/A 0 N/A IneelWtete N/A 1

210 Sig Rock Poemt SWR GE Ill 5131/60 5/1/64 240 5131/00 19ss 3/29163

456 Brasesood 1 PWR W lli 12/31175 7/2/97 3411 10/17/26 lius 7/29/88

ef 457 Brh 2 PWR W HI 12/31175 5/20/88 3411 12/18127 ilus 10/17/88
is

259 Brooms Teri 1 SWR GE il 5/10/67 12/20/73 3293 5/10/07 its 811/74

260 Sroums Teri 2 SWR GE 88 5/10/67 8/2174 3293 5/10/07 Its 311/75

296 Brotens feri 3 SWR GE il 7/31/68 8118176 J293 7/21/08 its 3/1177

325 Ortsneanch 1 SWR GE Il 217170 11/12/76 2436 217/10 Its 3118177

324 Brunsanct 2 SWR GE il 217170 12/27/74 2436 12/6/10 ihn 1133t75

454 0 .. 1 PWR W lit 12131/75 2/14/85 3411 10131/24 ltus 9/161857

455 Gy. 2 PWR W 118 12/31175 1130/87 3411 11/6/26 its 8/21187

483 Cassesy PWR W . Ill 4/16176 10/18184 3565 10/18/24 . its 12/19184

317 Cafwert ChPs 1 PWR C-E I 71716 9 7/31174 2700 7131/14 its 5/8175

318 Cafwert CIWis 2 PWR C-E I 717169 11/30176 2703 8/31/16 ilus 4/1177
t.a

! ..

_ _ _ _ . . _
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Table 2-5. Summary of General Licensing Data - Sorted by Plant Nanee (Continued)

NRC Deckett # Reector Plant Reector 90SSS NRC Constreetto. Opereelag Uc. Peeer Emperation Conwie I Doco et 90etoe-

tso. 3 Tve. R.elo. P.r ele ueene. asW1 ose. oss t C o1cw
413 Cassusbe l PWR W II 817175 1117185 3411 12/6/24 Ves 6129185

414 Casausbe 2 PWR W II 817175 5/15186 3411 2/24126 Wes 8/19I86

461 Clutton 1 BWR GE Ill 2/24/76 4/17187 2894 9/29/26 Vet 11/24/E7

445 Comanctio Peak t PWR W IV 12/19174 N/A 0 N/A Egoceed D5 N/A 5

446 Cornantfio Peak 2 PWR W IV 12/19174 N/A 0 N/A IndetMete N/A 3

298 Cooper SWR GE IV 61416 8 1/18174 2381 6/4/08 m 711174

302 Crystal Rever 3 PWR B&W Ill 9/25168 1/28177 2544 12/3/16 Yes 3/13177

315 D C. Cook 1 PWR W lli 3/25169 10/25174 3250 3/25/09 h 8/28175

8.J 316 D.C. Cook 2 PWR W Ill 3/25/69 12/23177 3411 N/A Ws 7/1#78
tJ

346 Davis-Besse PWR B&W 118 3/24/71 4/22/77 2772 3124/11 Vos 7131178

275 Diablo Canyon t PWR W V 4/23/68 11/2/84 3338 4123/08 Ws 517185

323 Diablo Canyon 2 PWR W V 12/9170 8126185 3411 12/9/10 Ves 3/13166

237 Dresden 2 BWR GE III 1/10/66 12122/69 2527 12/22172 Ves 619I70 4

249 Dresden 3 BWR GE lil 10/14/66 312/71 2527 10/14/06 Ves 11116171

331 Duane Amoed BWR GE Ill 6/22/ 7 f' 2/22174 1658 6/21110 Ves 2/1/75 |

348 Farley 1 PWR W II 8/16172 6125/77 2652 8116/12 Ves 12/1177

364 Farley 2 PWR W 14 8116172 3/31/81 2652 8116/12 h 7/30/81

341 Ferri 2 BWR GE Ill 9/26172 7/15/85 3292 3'20/25 Ves 1123/88

333 P,42 patrick BWR GE 1 5/20170 10/17174 2436 5/20/10 Ves 7/28/75
w

- . - - .- . . . -.. . - - .
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Table 2-5. Summary of General Licensing Data - Sorted by Plant Nasne (Continued)

NRC Dockett # Reector Plon. Reector NSSS NRC Constrection CW .; Lic. Power Emperetten Cesseen*1 Doce of '80 esesi50- ) Type Region Persielt Licence IB Wt Dete Ops ? Comun1 Ops285 Fort Camoun 1 PWR C-E IV 6/7/68 8/9/73 1500 6/7/08 Ves 6/20/74

267 Fort St. Vrari HTGI GA IV 9/17/68 12'21/73 842 9/17/08 Ves 7/1/ 7f.

244 Grina PWR W I 4/25/66 12/10/84 1520 4/25/06 Ves 7/1/70

416 Grand Gut t BWR GE Il 9/4/74 11/1/84 3833 6/16/22 Yes 7/1/85

417 Grand Gulf 2 BWR GE il 9/4/74 N/A 0 N/A l'M$ebrwte N/A 1

213 Hesten Neck PWR W I 5/26/64 12/27/74 1825 5/26/04 Ves 1/1/68

32? Hatcft 1 BWR GE 18 9/30/69 10/13/74 2436 9/30/09 Yes 12/31/75

366 Hattfi 2 BWR GE il 12!27/72 6/13/78 2436- 12/27/12 Yes 9 / 5/ 7 fr

354 Hope Creek t BWR GE I 11/4/74 7/25/86 3293 4/11/26 Ves 12/20/06
.

4
247 indiart Poen12 PWR W I 10/14/66 9/28/73 2758 9/28/13 Yes 8/1/74

286 traduwt Posnt 3 PWR W I 8/13/69 4/5/76 3025 8/13/09 Yes 8/30/76

305 Massatsise PWR W 111 8/6/68 12/21/73 1650 8/6/08 Yes 6/16/74

373 UuSano 1 BWR GE Ill 9/10/73 8/13/82 3323 5/17/22 Ves 1/1/84
'

374 Ih2 BWR GE Ill 9/10/73 3/23/84 3323 12/16/23 Ves 10/19184
'

352 Umorick 1 BWA GE 1 6/19/74 8/8/85 3293 10/26/24 Ves 2/1/86

~ 353 Umerick 2
'

BWR GE I 6/19174 Vus 1/S/90

309 Manne Yankee PWR C-E I 10/21/68 6/29/73 2630 10/21/08 Vus 12/28/72

369 McGure1 PWR W 81 2/23/73 7/8/81 3411 6/12/21 Yes 12/1/81

370 McGu6re 2 PWR W li 2/23/73 5/27/83 3411 3 f 3/23 Vus 3/1/88

. . . . . . -_ . _ - _ -.
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Table 2-5. Sumrnary of General Licensing Data - Sorted by Plant Name (Continued)

| NRC Dockett 8 Reector Plent Reactor 18SSS NRC ' Conettuction Opetoting Uc. Power Empitetton . Cossesse'l Date et festeo
(50 } Type Region Pe r sselt Licence M W1 Date Ops ? Cossesse*1 Ops

| 245 Manstone 1 BWR GE I 5/19166 10/31/86 2011 5/19/06 Yes 3/1171

l 326 Mrnstone 2 PWR C-E I 12/11/70 9/30/75 2700 713111 5 Ws 12/26/75
l

423 Mestone 3 PWR W 8 8/9/74 1131186 3411 11/25/25 Ws 4123/86

263 Monticello BWR GE 111 6/19167 119181 1670 9/8/10 Yes 6130/71

220 Nine 84to Posit 1 BWR GE I 4 f 12 /6 5 12/26174 1850 4/11105 Yes 12/1169

410 f$ne 141e Posnt 2 BWR GE I 6/24/74 71218 7 3323 10/31/26 Yes 4/5188

334 Norm Anne l PWR W 31 2/19171 4/1178 2893 4/1/18 Yes 616176

339 Norm Anna 2 PWR W 11 2/19171 8121180 2893 8/21/20 Ws 12/14160

! ' 269 Oconsel PWR B&W II - 11/6/67 2/6/73 2568 2/6/13 Ws 7/15173.

l tJ'
00

_270 Oconee 2 PWR B&W 18 11/6/67 10/6/73 2568 10/6/13 Yes 9/9174

287 Otonse 3 PWR B&W 18 11/6/67 7/19174 2568 7/19114 Yes 12/16174

219 Oyster Creek 1 BWR GE I 1 211 5164 8/1/69 1930 4/9172 %s 12/1/69 4
1

255 Passades PWR C-E Ill 3/14167 10/16172 2530 3/1/74 Ves 12/31/71 4

528 Pafo Verde l PWR C-E V 5125176 611/8 5 3800 12/31124 Yas 1128185

529 Paso Verde 2 PWR C-E V 5/25/76 4/24/86 3800 12/9/25 Yes 9/19186,

|

j 530 Palo verde 3 PWR C-E V 5/25176 11/25/87 3800 3/25/27 Yes 1/8/88

!

| 277 Peadi Bon.wn 2 BWR GE I 1131168 712174 3293 1131/08 Yes 12123174

!
278 Peact Bottom 3 BWR GE. I 1/31/68 712/74 3293 1131/08 Yes 12/23/74

440 Perry 1 BWR GE fil 5/3177 11/13186 3579 3118/26 Ws 1111848 7

Do

._ , - _ . .- - .. .- . _ . _ _ _ _ _ . . . .__ _ _ _ _ _ _ _ _ _ _ .
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Table 2-5. Summary of General Licensing Data - Sorted by Plant Nasne (Continued)

NRC oemt e|R.ector Plant Reector NSSS NRC ConstrucHen Opermeng Uc. Power Espermeen Comm1 D me et Mmee
! (58- ) Type Ronson Persmit Licence uW1 Date Opo 7 Ceaum1 One

441 Perry 2 BWR GE lil 513177 N/A 0 N/A Indefwiste N/A 1

293 Palgrun 1 BWR GE I 8/26/68 9/15/72 1998 8/26/08 h 12/1/72

266 Poerit Beam t PWR W lil 7/19/67 10/5170 1518 10/5/10 h 12/21170

301 Posnt 8eem 2 PWR W 111 7/25168 3/8173 1518 318/13 Ves 1011/72 !

282 Prene Island 1 PWR W Ill 6/25/68 -415/74 1650 819/13 Ws 12/16173
i
'

306 Prawto legend 2 PWR W 818 6/25/68 10/29/74 1650 10/28/14 Ws 12/21174
[
?,

i 254 Q uad Class i BWR GE lit 2/15/67 12/14/72 2511 2/15/07 m 2/18/73 i
!

~
265 Oumd Cstes 2 SWR GE Ill 2/15167 12'14172 2511 2115/07 Mus 3110/73

to
*
,a 312 RuncitoSeto PWI 84W V 10/11168 8716/74 2772 10/11/06 Vus 411 7175 '

D
4

458 Rwer Bond 1 BWR GE IV 3/25177 11/20/85 2894 8/29/25 Ves 6/16/86

; 261 Rolwison 2 PWR W ll 4/13167 9/23170 2300 4113/07 Vus 3/7/71

272 Sasum t PWR W I 9/25168 12/1176 3411 9/25/08 Ves 6130177
,

311 Salem 2 PWR W 8 9/25/68 5/20/81 3411 9/25/08 Mus 10/13181

206 Ss Onohe t PWR W V 3/2/64 3/27/67 1347 9/27/2072 Ves 1/1168 4

l
361 Swi Onofre 2 PWR C-E V 10/18173 9/7182 3390 10/18/13 Vus 4/8183 |

|

362 San Onase 3 PWR C-E V 10/18173 9/16183 3390 10/18/13 Ves 4/1/84

443 Sealwook 1 PWR W I 7/7/76 10/17/86 3411 10/17126 le N/A 5
'

L
327 Sequoyah 1 PWR W 11 5/27/70 9/17/80 3411 5/27/10 Ves 7/1/81

i
328 Sequoyah 2 PWR W 18 5127170 9/15181 3411 5127/10 Vus 6/1/82y '

N
I

!

. _ . . ._ . . _ , ._. _ _ . - _ . . . . . _ . - . . _ _



. _ _ _ _ - _ _ _ _ _ __

_.,

; Table 2-5. Susaniary of General Licensing Data - Sorted by Plant Nasme (Continued)

00RC Decimett e Reector Plen! Reacter feliSS MRC Cemetractlen Opersetng Uc. Power s -A . - | Come l Deus et genees

(58- 1 Type Reales PotenIt Licence MWt Deee 08e 7 Ceaum108e.

- 400 Shearon Harris 1 PWR W 18 1127/78 1/12187 2775 10/24/26 | Vas 512/8 7

322 Shoreham SWR GE I 4/14/73 7/3185 121 4/13/13 Pe N/A 5

498 Soum Texas t PWR W IV 12/22175 3/22/88 3800 8/20/27 Vus 8/25188

499 Sout Temas2 PWR W IV 12/22/75 12f t R18 8 190 12/16/28 5 i

335 St.Luae 1 PWR C-i il 7/1/70 3/1176 1/00 3/1/16 Ws 12/21176

389 St. Luces 2 PWR C-E II 512/77 6/10/83 2700 416/23 Ws 818183

395 Summer PWR W 18 3/21173 11/12182 2775 3121123 Ves 1/1/84
|

280 Svery 1 PWR W 48 6/25/68 5125/72 2441 5/25/12 Ves 12122172

281 Sorry 2 PWR W II 6/25168 1129173 2441 1129113 Wa 511/73
o .

387 C ; _ _. 1 SWR- GE I 11/2173 11/12/82 3293 7/17122 Ves 618183

388 E- ; -. 2 SWR GE I 11/2173 6/27184 3293 3123/24 Ves 2112/85

289 Three Mee Island 1 PWR S&W I 5/18168 4/19174 2535 5/18/08 Ves 912174 |
.

|344 Trojan PWR W V 2/8/71 11121175 3411 218/11 Wa 5/20/16
.

250 Turtesy Posnt 3 PWR W ll 4/27167 7/19172 2200 4/27/07 Ves 12/14172

251 Turliey Posnt 4 PWR W 18 4/27/67 4/10173 2200 4/27/07 Vus 9t't73

271 Vermont Ysigneo SWR GE i 12/11167 2/28173 1593 12/11/07 Ves 11/30172

424 Vogent PWR W ll 6/28174 3116187 3411 1116/27 Ves 6/1/87 !

!

425 Voges 2 PWR W II 6/28174 N/A 0 N/A EW D5 NJA 2

382 Waeortoni 3 PWR C-2 IV t 1114/74 3/16185 3390 12/18124 Ves 9/24185

.- ._ . - . . - . . . . -. -. .. - - - - -_ __ _ - _ _
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Table 2-5. Suomenry of General Licensing Data - Sorted by Plasd Nanne (Contimmed) -

anc o sme e no r Pi n n es., Mass Niec c r.ees.m OperseIng We. P.as.r Esper.et.m Comm1 Does .e sese
tse- i Tv now P. emit us mW1 om. ose 7 c 1 one

390' Wens Bar 1 PWR W 14 -- 1123173 N/A 0 MIA Fmpmemar M N/A 2

391 WaAs Bar 2 PWR 'W li 1123173 N/A O N/A FW M M/A 2]

460 W MP-1 PWR B&W V 1 2124175 N/A 0 N/A Indo8mee N/A 1

397 W MP-2 SWR GE V 3/19173 4/13/84 3323 12/20/23 1hs 12/13/84

508 W NP-3 PWR C-E V 4/11/78 N/A O N/A trr1.Smes N/A 1

482 Wa8 Ca. set PWR W IV 5/31177 6/4/85 3411 3/11/25 its 913/8 5
i
j 29 Yse.e Romo PWR W I 11/4/57 12/24/63 600 7/9/00 its 7/1/61
,

295 Zion 1 PWR W III 12/26168 10/19173 3250 12/26/08 its 12/31/13
M

304 Zson 2 PWR W lli 12/26/68 11/14173 3250 12/26/08 les 9/17/94

Nma
1. Construcson halted '

2. (Jnder acJve constucson i
3. Constucson deserv.d
4. Lacense not ensur.d under to CFR 2.109
5. Leur pon r soonee
6. May be decomnummoned

,

4

.

,

t

i

. _ _ _ _ . _ _ _ _ _ _ _ . . _ _ _ _ - _ . - _ - - _ _ _ - _ _ _ _ _ _ _ - _ _ , _ - - - . - , , , . - - - - - - - , . = ____ -_ -- - __ . - _ - - - - _-.._--._----__
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Table 2-6.' Summary of General Licensing Data''- Sorwd by' NRC Region ]
- 1

4

NRC Reector Plant Reactor DOSSS SIRC Docket 2 # Constructlen Opereeng Lic. Poewt Empiretien Comm1 shes of 80etes
'

Realen Type '(50- ) Permit Licence WWt Deto Ops ? Comme 1 Ops

I Soever Valley 1 *WR W. 334 6/26/70 7/2176 2652 1129/16 Ves 10 f1/ 76

I h Vaney 2 Adf5 .W 412 513/74 8/14/87 2652 5/27/27 vus .- 11/17187
'

I Cahert Caffs 1 PWR -? 317 717/69 7/31/74 2700' 7/31/14 Ws 5/8/75

t Cafvert Clete 2 PWR C-E 318 7/7/69 11/30/76 2 [20 8/31/16 Vas 411/77

I htipatnck SWR GE 333 5/20170 10/17/74 2436 5120/10 Vmm 7/28/75

4 Gene PWR W 244 4/25/66 12/10/84 1520 4/25/06 Yes 7/1/70

i Haslemn Neth PWR W 213 5/26/64 12/27/74 1825 5/26/04 Ves 111/6 8

I HopeCreek t - - BWR. GE -354 11/4174 7/25/86 3293 4/11/25 Vas 12/20/86

1 Inean Peent 2 PWR W 247 10/14/66 9/28/73 2758 9/28/13 Yes 8/1,74-

90
b I Mean Pcunt 3 PWR W 286 8/11/69 445/76 3025 8/13/09 Ves 8/30176
tJ

l Lirnersch 1 SWR- GE -352 6/19/74 818/85 3293 10'26/24 Ves 2/1#86

- I t.imerick 2 BWR GE 353 6/19174 Ves 1/8/90:

1 Musne Yartoo PWR C-E 309 10/21/68 6/29/73 2630 10/21/08 Ves 12/28/72

I Misssone 1 SWR GE 245 5/19166 10/31186 2011 5/1L '06 Ws 3/1/71

I %2 PWR C-E -326 1"!/11/70 9130/75 2700 7/31/15 Vue 12/26175

I himmeone 3 PWR W -423 8/9/74 1/31/86 3411 11/25125 We 4/23186

I tene nato Poirs 1 - SWR .GE- 220 4/12/65 12/26/74 1850 4/11/05 Vas 12/1/69 -i

8 PPne tale Pome 2 BWR' GE 410 6/24/74 7/2/87 3323 10/31/26 Ves 4 / $188. .!
'~ ~

8 Oyster Creek t BWR 'GE 219 12/15/64 8/1/6'- IP*? 4/9/72' Yes 12/1/69 4

! - ,i. ' , _ d

;ta

_ -
_

- . . .= - - - . . . .. - - - - . - . .- . - -- .. _
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. Table 2-6. Summary of General Licensing Data - Sorted by NRC Region (Continued)
!

NFIC Reactor Pit .2t Reector NSSS teRC Dochett s construction Opereung Lic. Power Emp6tetion Comm1 Deee et geosos
Reason Type (50 ) Permit Licence MWt Date One ? Comm1 Ops

Peach Bot'om 2 SWR GE 277 1131/68 7/2/74 3293 1/31/08 Yes 12/23/74

i Poech Bottom 3 BWR GE 278 - 1131/68 7/2/74 3293 1/31/08 Yun 12/23/74

i Pilgrim 1 BWR GE- 293 8/26/68 9/15/77 ~ 19we 8/26/08 Ves 12/1/72

I Salem 1 PWR -.. W 2'2 9/25/68 1-J .776 3411 9/25/08 Ves 6/30/77

i Salem 2 PWR W 311 9/25/68 5/20/81 3411 9/25/08 Ves 10/13/81

i. Seatwook i PWR W 443 7 / ~ .~!3 10/17/86 3411 10/17/26 tb N/A 5

t Shorehem SWR GE 322- 4/C/73 713/8 5 121 4.?3/13 Tb N/A 5 ~

l Suorpehanne t BWR GE 387 11/2/73 11/12/82 3293 7/17/22 Vus 6/8/83

I ''-.'.2 SWR GE 388 11/2/73 6/27/84 3293 3,23/24 Ves 2/12/85
-

W
u 8 itwoo Mme Island 1 PWR B&W 289 5/18468 4/19//4 2535 5/18/08 vus 9/2/74

i Ve. a Yanhoe SWR GE 271 12/11/67 2/28/73 1593 12/11/07 Ves 11/30/72

8 Yamhee fbue PWR- W 29 11/4/57 12/24/63 600 7/9/00 Vus 7/1/61

II Seessonne 1 PWR 84W 438 12-24-74 N/A 0 N/A Indoesnete N/A 1 *

I il Seeafonte 2 PWR B&W 439 .12124/74 N/A 0 N/A Indefwnte N/A 1

11 Browns Ferry 1 SWR GE .259 5/10/67 12/20/73 3293 5/10/07 Ves 8/1/74

Il Browns Ferry 2 SWR GE 260 5/10/67 8/2/74 3293 5/10/07 Ves 3/1/75

il Browns Ferry 3 SWR GE 296- 7/31/64 8/18/76 3293 7/21/08 Vas 3/1/77

18 BrL..swick -SWR GE 325 2/7/70 11/12/76 2436 2/7/10 Ves 3/18177
'

~

11 Brunswick i SWR GE 324 2/7/70 12/27/74 2436 12/6/10 Ves 11/3/75
~

W .

-

I

'

. _ . _ _ _ _ _ _ _ _ _ _ -
- - -e - - ~ . ~ ~ , ' ~ ~- ----m __
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Table 2-6. Summary of General Licensing Data - Sorted .by NRC Region (Continued) -

- $
,

!

|

f MRC Reector Plant Reector NSSS 90RC Dockett # Constrwetten 0 _; Lic. Power Empiret6en Comm*l Does of - 90etes
'

Reelon Type (50 1 Permit Licence WWt Dete Ops ? Conum1 Ops

Il CTAembe l PWR W 413 817/75 1/17/85 3411 12/6/24 Vms 6/29185

Il Gmentis 2 PWR W 414 8/7/75- 5/15/86 3411 2/24/26 Yus 8/19186

11 F.vley 1 PWR W 348 8/16/72 6/25/77 2652 8116/12 Ves 12/1/77

11 Fanwy 2 PWR W 364 8116172 3/31/81 2652 8/16/12 Ves 7/30/81

Il Grand Gut t BWR GE 416 914174 11/1/84 3833 6116/22 Yes 7/1 t 8 5

11 Grand Gus 2 BWR GE 417 9/4/74 N/A 0 N/A Indefwnte ' N/A 1
-

II Hatcti l BWR GE 321 9/30/69 10/13/74 2436 9/30/09 Ves 12/31/75

II Hr,di 2 DWR GE 366 12/27/72 6/13/78 2436 12/27/12 Yes 9/5/79

18 Md3uare 1 PWR W 369 2/23/73 7/8/81 3411 6112/21 Yes 12/1/81
bJ

Il McGuro 2 PWR W 370 2/23/73 5/27/83 3411 3/3/23 Ves 3/1/84

Il Nort;t Anna 1 PWR W 338 2/19171 4/1/78 2893 4/1/18 V is 616178

Il North Anno 2 PWh W 339 2/19171 8/21180 2893 8/21/20 Vet 12/14/80

II Ooonee t PWR B&W 269 1116/67 2/6/73 2568 2/6/13 Yur. 7/15/73

II Otxrme2 PWR S&W 270 11/6167 10/6/73 2568 10/6/13 Ves 9/9/74
|

It Otznso 3 PWR B&W 287 11/6167 7/19174 2568 7/19/14 Ves 12/16174

11 Rabenson 2 PWR W 261 4/13167 9/23/70 2300 4/13/07 Yes 3/7/71

Il Secpsoyat:1 PWR W 327 5/27/70 9/17/80 3411 5/27/10 . Yes 7/1/81

* PWR W 328 5/27/70 9/15/81 3411 5/27/10 Ves 611/82II W2

Il Shearon Harns 1 PWR W 400 t /27/78 1/12/87 2775 10/24/26 Yes 5/2/87 '

W

|
'

.

- . __
- -- - - . .- , _ _ _ _ _ _ _ _

_
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Table 2-6. Summary of General Licensing Data - Sorted by NRC Region (Continued)'

HRC Reactor Plant R eactor NSSS HRC Dockett s Construction Operating Lic. Power fspiretton C ' m uel Does of . dotes
Region Type -(50- 1 Permit Lletace MWt Date Opt ? Comm1 Ops.

il St. Luoe 1 PWR C-E 335 7/1/70 3/1/76 2700 3/1/16 Yes 12/21/76

18 St. Luoe 2 PWR C-E 389 5/2/77 6/10/83 2700 4/6/23 Yes 8/8/83

II Su nmar PWR W 395 3/21/73 11/12/82 2775 3/21/23 Yes 17/84

is Surry 1 PWR W 280 6/75/68 5/25/72 2441 5/25/12 Yes 12/22/72

11 Surry 2 .PWR W 281 6/25/68 1/2 J/73 2441 1/29/13 Yes 5/1/73,

la Turkey Poet 3 PWR W 250 4/27/67 7/19172 I 2200 4/27/07 Yes 12/14/72

18 Tu lint 4 PWR W 251 4/27/67 4/10/73 2200 4/27/07 Yus 9/7/73

Il Vogtle 1 PWR W 424 6/28/74 3/16 3411 1/16/27 Yes 6/1/87

Il Vogtio 2 PWR W 425 6/28/74 N/A 0 N/A Expecsed 1>5 N/A 2

j 18 Watts Bar 1 PWR W 390 1/23/73 N/A 0 N/A F=p=cead 1p5 N/A 2

18 Watts Bar 2 PWR W 391 1/23/73 N/A 0 N/A Espected 175 N//. 2

lit SI M Posnt SWR GE 210 5/31/60 5/1/64 240 5/31/00 Yes 3/29/43

181 artichmood 1 PWR W 456 12i31/75 7/2/87 3411 10/17/26 Yes 7/29/88

Ill Esedwood 2 PWR W 437 12/31/75 5/20/88 3411 12/18/27 Yes 10/17/88
*

Ill Byron 1 PWR W 454 12/31/75 2/14/85 3411 10/31/24 Yes 9/16/85

til Syron 2 PWR W 455 12/31/75 1/30/87 3411 11/6/26 Yes 8/21/87

lie Call:swer PWR W 483 4/16/76 10/18/84 3565 10/18/24 Yes 12/19/84

ill Clanton 1 BWR GE 461 2/24/76 4/17187 2894 9/29/26 Yes 11/24/87
~

L

111 Crystal Rwer 3 PWR B&W 302 9/25/68 1/28/77 2544 12/3/16 Yes 3/13/77

ta

.

.

s s- - . . - . _ _ _ ______m__ _ _ _ _ _ _ _
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Table' 2-6. . Sununary of General Licensing Data . Sorted by NRC Region (Continued)

- .i

'I

IWIC Reacter Plant Reector NSSS NRC Deckett # Constrection C _ __ ..; Lic. Power Empireelen Comme"I Osse et Netse
Realen Tvee (50- 1 Pef a1i Licence WWt Deto One ? Connel One

ill D.C Coch t PWR W- 315 3/25/69 10/25/74 3250 3/25/09- Vue 8/28/75

Ill D C CondL 2 PWR W 316 3/25/69 12/23/77 3411 N/A h 7/1/78
i b

| Ill Davis 4besse - PWR S&W 346 3/24/71 4/22/77 2772 3/24/11 van 7/31/78

| Ill Droeden 2 SWR GE 237 1/10/66 12/22/69 .2527 12/22/72 Vem 6/9/70 4

!
Ill Oreeden 3 SWR GE '249 10/14/66 3/2/71 2527 10/14/06 Vas 11/16171

Ill Duane Amold BWR GE 331- 6/22/70 2/22/74 1658 6/21/10 Yes 2/1/75
,1

Ill Fermi 2 SWR GE 341 9/26/72 7/15/85 3292 3/20/25 Yes 1/23/88

1:1 trmeeunse PWR W 305 8/6/68 12/21/73 1650 -8/6/08 Vus 6/16/74

Ill r am t SWR GE 373 9/10/73 8/13/82 3323 5/17/22 Ves t/1/84

$ lit t.mSene 2 SWR GE 374 0/10/73 3/23/84 3323 12/16/23 Ves 10/19/84

Ill Monticello SWR- G[ 263 6/19/67 1/9/81 1670 9/8/10 Yus 6/30/71

Ill P*W PWR C-E 255 3/14/67. 10/06/72 2530 3/1/74 Ves 12/31/71 4

lit Perry 1 SWR GE 440 5/3/77 11/13186 3579 3/18/26 Ves 11 r 18187
i

f!* Perry 2 SWR GE 441 5/3/77 N/A 0 N/A frw$efsnele N/A 1

,

Ill f%ut Beach 1 PWR W 266 7/19/67 10/5/70 1518 10/5/10 m 12/21/70

ill Pows Beech 2 PWR W- 301 7/25/68 3/8/73 1518 3/8/13 Yes 10/1/72

111 Preerie Island 1 PWR W 282 6/25/68 4/5/74 1650 8/9/13 Vus 12/16/73

Eli Presne Island 2 PWR W 306 6/25/68 10/29/74 1650 10/29/14 Yes 12/21/74

til Oued caiss i BWR GE 254 2/15167 12/14/72 2511 2/15/07 Ves 2/18173

ta

|

;. - - -
_
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Table 2-6. Summary of General' Licensing Data - Sorted by NRC Region '(Continued)'
~

IIRC Reector Plant Reactor le5SS 90RC Det onstructlen Opere8ag Ucc Power Empiretten Comm 1 Does et seeses|,

Realen Type (50- 1 P erenIt Licence ' WWt Dete One ? Ceassel Ops i
til Oued Caes 2 SWR GE 265 2/15/67 12/14/72 2511 2/15/07 Yes 3/10/73-

1st 2;on 1 PWR W 295 12/26/68 10/19173 3250 12/26/06 , Ves 12/31/73

Ill Z;.;di 2 PWR W 304 12/26/68 11/14/73 3250 12/26/08 Ves 9/17/94

IV ANO-1 PWR 84W 313 12/6/68 5/21/74 2568 12/6/08 Ves 12/19/74

IV ANO 2 PWR C-E - 368 12/6/72 12/14/78 2815 12/6/12 Vas 4/26/80

IV Comanche Peak t - PWR- W 445 12/19/74 N/A 0 N/A EspecIed 75 N/A 5

IV Comenttin Peak 2 PWR W 446 12/19/74 Pe/A 0 N/A indefaute N/A 3

IV rarter SWR GE 298 6/4/68 1/18174 2381 6/4/08 Ves 7/1/74

IV Fort Cassoun 1 PWR C-E 285 6/7/68 8/9/73 1500 6/7/08 Ves 6/20/74

Y
tv Fort St. Vram HIGR GA . 267 9/17/68 12/21/73 842 9/17/08 Yue 7/1/79

IV Arver Send 1 BWR GE 458 3/25/77 11/20/85 2894 8/29/25 Ves 6/16/86

tv Sondh Tesas i PWR W 498 12/22/75 3/22/88 -3800 8/20/27 Vas 8/25/88

IV Sou8tTexas2 PWR W 499 12/22/75 12/16/88 190 12/16/28 5

IV Waterford 3 PWR C-E- 382 11/14/74 J /16/85 3390 12/18/24 Ves 9/24/85

IV Woll Creek PWR W 482 5/31/77 8/4/85 341' a*5 Van 9/3/85

V Diabio Canyon t PWR W 275 4/23/68 11/2/84 3338 + Vas 5/7/85

- 3411 '80 Ves 3/13/86a6/85V Dembeo Canyon 2 PWR W 323 12/4.'70'

V Pafo Verde l PWR C-E 528 5/25/76 6/1/85 3800 2/31/24 Ves 1/28/86

V Psio verde 2 PWR C-E 529 5/25/76 4/24/86 3800 12/9/25 Vue 9/19/86

. .
._ _
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Table 2-6. ' Samanary of General Licensing' Data '- Sorted by NRC Regier- (Continued)
'

-

IIRC Reector Plant Reector seSSS teRC Dechett 0 Constrection E L6c. Power Esperateen Comsm 8 Osse et teetes
m.__...

Realen Type f50 ' 1 Permit 8he RI W t . Date Ops ? Ceasel One

V Pado Veree 3 PWR C-E 530 5125/76 11t** S18 7 3800' 3/25/27 Vms 1/8/88- .

1

V RuneoSeco PWR S&W 312- 10/11/68 8/18174 2772 10/11/08 vus . 4/17175 !

V San Onocre l PWR W 206 3/2/64 3127/67 1347 9/27/2072 Ves 1/1/68 4

V San Onodre 2 PWR C-E 361 10/18173 9/7/92 3390 10/18/13 Ves 8/8/83

V San Onofre 3 PWR C-E 362 10/18/73 9/16183 3390 10/13/13 Vos - 4/1/84

V ~rogen PWR W 344 2/8171 11/21175 3411 2/8/11 Vas 5/20/76

V WNP-1 PWR S&W (60- 12/24/75 N/A 0 N/A Indeterute N/A 1

V W N P-2 SWR GE 397 3/19/73 4/13/84 3323 12/20/23 Vus 12/13/84

V WNP-3 PWR C-E %e 4/11/78 N/A 0 N/A Indefenste N/A 1

tsJ
&
** NOTER

1. Consenxson hated
2. Under adive construchon
3. Consenschon defened
# Uoonee not egered under to CFR 2.100

- 5. Low power kaneo
6. Maybedemnnuassoned

w

,

..

*w-
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3.. PRESSURIZED WATER REACTOR (PWR) SYSTEM O.VERVIEW,

.
Reactor plant systems may be broadly classified as safety related or as non-

'

,

safety-related. Light water reactor (LWR) safety-related systems typically are considered to
be those that are required to perform any of the following safety functions:

Controlreactivity-

Provide reactor core cooling and heat removal from the primary system-
,

- - Maintain reactor coolant system integrity
Maintain containmentintegrity-.

- Control radioactive releases

In order to ensure the performance of these " front-line" safety functions, additional safety-
related systems are requhrd to perform the following support functions:

Provide adequate motive power (i.e. electric, pneumatic or hydraulic motive 5-

1power, direct steam turbine or diesel engine drive)
.

1Provide adequate control and instrumentation power (i.e., AC or DC electrical-
1

control power)
|

Provide. adequate cooling of safety related equipment (i.e.. cooling water,-

-room air coohng)
- "rovide other support functions needed by front-line or support systems to

.'

establish and maintain a' safe shutdown condition !
3

In their present form, the Nuclear Power Plant System Sourcebook series focuses on front- 'l
line safety systems and on electric power and cooling water support systems. 4

In this section, an overview of PWR systems is provided, focusing on basic
,

.,

system functions and interfaces, in Sections 4 to 6, more detailed comparative information |
is presented on the different product lines of the three U.S. commercial PWR Nuclear i

System Supply System (NSSS) vendors: Westinghouse, Combustion Engineering, and '

Babcock & Wilcox Comparative data summaries for PWR systems are found in Sections i
4.5,5.5, and 6.5 (for individual PWR vendors) and in Section 7 (compilation for all ;i
PWRs), The reader should refer to the available Nuclear Power Plant System Sourcebooks i
identified in Section 1 for summary information on safety systems at specific nuclear power: j
plants.

3

3,1 Introduction to 'the Pressurized Water Reactor i

'

'The PWR reactor coolant system (RCS) transports hcat generated in a low-
' enrichment, light water cooled and moderated core to the secondary coolant system via
external primary coolant loops with steam generators. Control and removal of heat from i

the reactor and conversion of this heat into usable electrical power requires a broad
spectrum of operating and auxiliary systems. Additionally, safety systems are required to -

. ensure that postulated accidents at the PWR do not cause undue risk to the health and safety
.

!

of the public. The spectrum of " generic" PWR systems is listed in Table 3.1-1. As'

indicated in this table, some systems normally are supplied by the Nuclear System Supply |
System (NSSS) _ vendor. The remaining systems, or 'he Balance-of-Plant (BOP), are -
supplied by the architect-engineer (A-E) who is responsible for the detailed integrated ,

design of the plant.
.

3.2 PWR Primnrv %gggg
- The PWR NSB is the primary system, or reactor coolant system (RCS),

which consists of timeactor vessel and two to four external primary coolant loops, each
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containing one steam generator and one or two primary coolant pumps. The three U.S.
PWR vendors have produced seven basic plant configurations, as summarized below: ,

RCS . N' umber I

Vendor Confiauration -- of Plants
- .;

6i n Westinghouse - 2-loop 6 |
3-loop '14

=4 loop 35' .

Combustion Engineering 2 loop . 14

|q3-loop 1 :,

i

Babcock & Wilcox " lowered" 2 loop -7 i
" raised" 2 loop 3 |

. |

Total PWRs 80-

The three models of the Westinghouse NSSS are shown in Figure 3.2-1 (2-loop), Figure
3.2-2 (3 loop), and Figure 3.2 3 (4-loop). The Combustion Engineering 2-loop NSSS is
shown in Figure 3.2-4. The two basic models of the Babcock & Wilcox NSSS are shown
in Figure 3.2-5 (" lowered" 2-loop) and Figure 3.2-6 (" raised".2-loop).

'

: A pressurizer is connected to the " hot leg" of one of the primary coolant loops
and serves to contml primary system oressure by means of electric heaters (to increase the j

steam volume in the pressurizer anc. raise pressure) and spray (to condense the steam
bubble in the pressunzer and lower pressure).- RCS coolant inventory is measured by
pressurizer water level, which is controlled by the combined letdown to and makeup from
the Chemical and Volume Control System (CVCS).

'1

3.3. Reactor Core and Fuel Accomhlies
. ~1.

The PWR generates heat in a low-enrichment, light water co^!M and moderated I

core. All PWR fuel assemblies consist of a square array of fuel and burnable poison rods. 1

The general fuel assembly configurations used by the three PWR vendors are listed below:

- Fuel - Assembly
yendor Configuralim Annlienflon

.
Westinghouse 9 x (6 x 6) Yankee-Rowe only

..

L 14 x 14 2-loop plants and San Onofre 1.

15 x 15 - Some 3-loop and 4-loop plants '

- 17 x 17 . Most 3-loop and 4-loop plants,
replacing the 15 x 15 fuel elements -

Combustion Engineering 15 x 15 Palisades only
14 x 14 Earlier )lants -
16 x 16 Later p ants, re placing 14 x 14 fuel

elements in ear ier plants
E

Babcock & Wilcox 15 x 15 All plants except Bellefonte
17 x 17 Bellefonte only. Can replace

15 x 15 fuel elements in earlier -
plants
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The gel eral trend is toward the denses arrays (i.e.,16 x 16,17 x 17) which have greater
surface area and hence lower linear heat rates and surface heat Oux. The result is a greater
margin to departure from nucleate boiling (DN3), lower clad temperature and peak
centerline (fuel) temperature.

'3.4 Reactivity controi systems
Reactivity control is provided by two independent systems; the control rod

system and the Chemical and Volume Control System (CVCS). The control rod system
provides control for short-term reactivity changes (e.g., startup, shutdown and rapid
transients) and is used for rapid shutdown (e.g., reactor trip or scram). All PWRs except
Yankee-Rowe (Westinghouse) and Palisades (Combustion Engineering) have multi-finger
contml rod assemblies that insert into thimbles in the fuel assemblies. The multiple control
rod fingers are joined at the top by a " spider" assembly connected to an extension shaft that
can be engaged by a control rod drive mechanism (CRDM) in the reactor vessel head.
Yankee-Rowe and Palisades have cruciform control rods that are inserted between the fuel
assemblics. The cruciform control rods also are driven by means of extension shafts that
are engaged by CRDMs in the reactor vessel head. Westinghouse and Combustion
Engineering PWRs have magnetic jack CRDMs that provide rod motion in small steps.
Babcock & Wil:ox PWRs have roller-nut CRDMs that can provide continuous rather than |
stepped rod motion. Typically, there are 45 to 83 CRDMs in a PWR. !

An automatic reactor trip is initiated by the Reactor Protection System (RPS)
when monitored plant conditions reach specined safety system setpoints. As indicated in
Figure 3.4-1, the RPS causes a reactor trip by opening the circuit breakers supplying
power to the rod t ontrol system. As a result, the CRDMs are deenergized, allowing the
control rods to fall nto the reactor core.

The CVCS continuously adjusts boron concentration in the primary coolant to ,

compensate for long-term reactivity changes during normal operation (e.g., fuel burnup, |
effects of xenon). The CVCS integrates the process of adjusting the primary coolant boron j
concentration with the RCS coolant inventoiy control function. The principal CVCS flow ;

paths and interfaces are shown in Figure .i.4-1. The C\ CS .m take the reactor suberitical I
without use of control rods by significantly increas" the boron concentration in the
primary coolant.

3.5 Heat Transfer Systems for Power Oneration

When the reactor is operating at power, the normal heat transfer path is by
means of three fluid system loops as illustrated in Figure 3.5-1. The first heat transfer loop
is the RCS. This is a closed, single-phase, high-pressure (2200 psig) loop which
circulates hot primary coolant from the reactor core, through the steam generators, and a

returns " cold" primary coolant to ".ie reactor core via the reactor coolant pumps. In this {
heat transfer loop, the reactor ec ce is the heat source and the steam generators are the heat isink.

The second heat transfer loop is formed by the Steam and Power Conversion
System which is a closed. two-phase, lower pressure secondary coolant loop. During
power operation, this secondary coolant system removes heat from the RCS by boiling l
water in the steam generators at about 700 to 1000 psig. The main turbine generators l
extract power from the steam to generate electricity and exhaust to the main condenser '

which operates under partial vacuum conditions (20 inches mercury vacuum). Heat is j
transferred in the main condenser to the tertiary circulating water cooling loop and the '

condensed steam is retumed to the steam generators via the main condensate and feedwater l

systems which together increase the secondary coolant pressure back up to 1000 psig. |
The tertiary coolant loop is the circulating water system which rejects plant )waste heat to the "Itimate heat sink. Th;s is a low-pressure, high flowrate, single-phase

coolant loop that may operate on an open cycle, closed cycle, or combined cycle. In an |
open cycle system, the circulating water pumps draw cooling water from a body of water |

|
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I - (i.e. ari ocean, lake, river) and return all of the heated water back to the body of water, in
. comparison, a closed cycle system recirculates the condenser cooling water and utilizes'1

,

coohag towers or other heat exchangers to reject heat to the atmosphere. Water from a
' nearby source is needed to provide makeup for evaporation. In a combined cycle cooling

*

water system, part of the plant waste heat is rejected to the atmosphere via cooling towers
before the circulating water is returned to the water source.

-'' 3.6 - Heat Transfer Systems for Shutdown Cooling at High RCS ;

Pressure >
During a normal shutdown, initial shutdown cooling is accomplished by using

the main turbine bypass system to direct steam to the main condenser, and the condensate
and feedwater systems to return the secondary coolant to the steam generators. The
circulating water system completes the heat transfer path to the ultimate heat sink. This ;

essential,y is the same heat transport path as is used during power operation (see Section |
3.5) except that the main turbine is tnpped and bypassed and the < team, condensate, and |

' feedwater systems are operating at a greatly reduced flow rate.
. J

When the Steam and Power Conversion System is not available, heat may be
i

removed from the RCS by the combined operation of the Auxiliary Feedwater (AFW) j

System and the secondary steam relief system (SSRS). This heat transfer path involves j
two coolirg loops. In the first loop, heat is transferred from the reactor core to the steam )
generators by forced circulation, or by natural circulation when the reactor coolant pumps '

are unavailable. In the secondary cooling loop, the AFW system takes water from a j

condensate storage tank or other suitable water source and delivers it to the steam j
generators where it is boilui and vented to atmosphere via atmospheric dump valves in the |

SSRS.. The atmosphere is the ultimate heat sink in this case. Core heat removal by the
AFW system and the SSRS is illustrated in Figure 3.6-1,

3.7 Hent Transfer Systems for Shutdown Cooling at Lew RCS
Pressure
The Residual Heat Removal (RHR) System provides for post-shutdown core ,

cooling of the RCS after an initial cooldown and depressurization to about 350 F and 425
psig by the Steam and Power Conversion System or the AFW system and the SSRS. As
tilustrated in Figure 3.71, the RHR system establishes a new closed-loop, low pressure,
single-phase primary heat transfer loop by diverting reactor coolant from an RCS hot leg to
the RHR heat exchangers. In most PWRs, the RHR system is a multi-mode system that :

|: also performs the low pressure safety injection (LPSI) function as part of the emergency
'

-core cooling system (ECCS).
Heat is transferred from the RHE system to a secondary cooling loop and the

| reactor coolant is returned to an RCS cold leg. The Component Cooling Water System
L . (CCWS) forms the secondary cooling loop. This is a closed loop, single-phase, low-
p pressure system that also provides cooling for other safety related components. Heat is -

transferred from the CCWS to a tertiary loop that rejects heat to the ultimate heat sink. TheI
,

. cycle.y loop is a service water system that may operate on an open, closed, or combined
tertiar

The service water and the circulating water systems may operate on different cooling >

cycles (i.e., a closed cycle service water system and an open cycle circulating water t

- system).-

3.8. RCS Overnressure Protection System

RCS overpressure protection is provided by power-operated relief valves
(PORVs) and/or safety valves moiinted on the pressurizer. The safety valves lift
mechanically on high RCS pressure. A typical pressurizer safety valve is shown in Figure
3.8-1. The PORVs can be controlled to open at lower pressures, thereby reducing the
frequency of challenges to the safety valves. The PORVs may also play a role in feed-and-
bleed, or bleed and-feed core cooling (see Section 3.9). The pressunzer safety valves and
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the i ORVs discharge to a " quench tank" located inside the containment.. The quench tank
is partially filled with water and is sized to handle modest blowdowns from the RCS.
Rupture disks are gener, "y used to pmvide overpressure pmtection for the quench tank.:

f

3,9. Emereency Core Conllne Systems.
.

Following a bteach in the reactor coolant system pressure boundary, water is
lost from the RCS at a rue that is determined by several factors, including break size and
location. The Emergency Core Cooling System (ECCS) is a multi-mod: system that injects
makeup water into the RCS during a loss of-coolant accident (LOCA) and recirculates
water through the core following a LOCA to provide for long-term post accident core
coolin'g. In all PWRs, the ECCS includes pressurized safety injection tanks (SITS) and i

- high and low-pressure safety injection (HPSI and LPSI) pumps. The RCS injection 1

points for these ECCS subsystems vary by PWR vendor as follows: j
.

Vendor. HPSI LES.I Sila
Westinghouse Cold legs _ Cold legs Cold legs

(initially) (initially)
Hot legs Hot legs

!(later) (later)
<

Combustion Engineering Cold legs - Cold legs Cold legs

Babcock & Wilcox Cold legs Reactor Vessel Reactor Vessel

In addition, the ECCS in some Westinghouse plants can be aligned to inject into the upper U

hea . > ''he reactor vessel. I
;

3.9.; ECCS Injection Phase
.

. i

During the injection phase of operation following a Is/ge LOCA, the ECCS
operates as an open loop system and provides rapid injection of barated water to the RCS I

to ensure reactor shutdown and adequate core cooling. Following a large LOCA, the RCS
is rapidly depressurized, _and makeup is initially provided by the safety injection
accumulators as RCS pressure drops below accumulator pressure (i.e.,650 ps,g). Bothi
the high- and low-pressure safety injection pumps are aligned to take a suction on the
Refueling Water Storage Tank (RWST) .nd deliver makeup water to the reactor vessel via
the RCS-cold legs. Water lost from the RCS during the LOCA is collected in the 1

. containment sump. The coolant injection and heat transport paths associated with large
' LOCA mitigation are shown in Figure 3.9-L

Follow
near normal ope ing a small LOCA, the RCS may slowly depressurize or remain at or ~rating pressure. RCS pressure behavior will be determined by many
factors, including the size of the small break and the availability of the steam genemtors as a
heat sink. An RCS heat balance will be established between the heat generated in the
reactor core and heat lost via the small break, the steam generators, and if necessary, the
piimary power-operated relief valves (PORVs) and safety valves located on the pressurizer.
Maximum RCS pressure is limited by the primary safety valves. In some PWR plants,

3

makeup to the RCS can be provided by the ECCS high-pressure safety injection pumps at j
pressures up to the primary safety valve setpoint. In these plants,it is a relatively straight-

'

forward matter to control RCS coolant inventory following the small LOCA.
In some PWR plants, the ECCS high-pressure safety injection pumps have a

shutoff head in the range from-1400 to 1800 psig and, thcrefore, are rot capable of
providing makeup at full RCS pressure. In these plants, RCS makeup at high pressure is
limited to the capacity (and availability) of the normal charging pumps, therefore it is
necessary to depressurize the RCS to enable the high-pressure injection pumps to provide

l
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RCS makeup. RCS depressurization can be accomplished by means of heat transfer to the

. steam. generators using the. AFW system-and the SSRS as described previously..-

Alternatively, it may be possible to reduce RCS pressure by opening the PORVs on the.
pressurizer (i.e., bleed and-feed).

3.9.2! ECCS- Recirculation Phase

in the recirculation mode of operation by aligm,1y has been exhausted, the ECCS is placed_. .
After the RWST makeup water supp

ng the suctions of the low-pressure safety
injection pumps to the containment sump and isolating the suction path from the RWST. In
most PWR plants, the high-pressure safety injection pumps cannot be aligned to take a
suction directly from the containment sump. - At the time recirculation is initiated, the
normally og containment sump is full of water that has collected from the LOCA and from
the operation oi6e containment spray system.

Following a large LOCA, the RCS is depressurized to the point tn:st the low-
pressure safety injection pumps can provide continuous makeup to the RCS and the high-

7ressure pumps may be stop >ed. If available, heat exchangers in the low-pressure safety
injection system may be usec during the recirculation phase to transfer heat to the ultimate
heat sink via the CCWS and the service water system. The low-pressure ECCS
recirculation. loop is comparable to the RHR shutdown cooling loop described in Section
3.7, with the exceptien that the low-pressure pumps are aligned to take a suction fmm the
containment sump.

During a small LOCA, RCS pressure may remain high, precluding injection by
the low-pressure safety ir.jection pumas which typically have a shutoff head on the order of

- 300 to 400 psig. In t'iis case, the hig 3 pressure rectreulation flow path is established with
the low pressure and high-pressure safety injection pumps operating in tandem. The low-
pressure pumps take a suction on the containment sump and are aligned to deliver the water
to the suction of the highgressure pumps which then inject water into the RCS via the cold
legs (initially) or the hot Legs (later). Water returns to the containment sump through the
RCS break that caused the LOCA. Heat exchangers in the low-pressure safety injection
system may be used during high pressure recirculation to transfer heat to the ultimate heat
sink via the CCWS and the service water system.

3.9.3 Iligh Pressure Feed and Bleed _ Cooling
Some PWRs have the capability to use the high-pressure ECCS pumps to

implement a post-transient decay heat removal method called feed-and-bleed cooling. In
essence, this is little more than:small LOCA mitigation with the pressurizer PORV
substituting for a break in the primary system. If the steam generator is unavailable as a
post-transient heat sink, RCS 3ressure will increase to the point that the pressurizer safety .
valves and/or the PORVs will .ift.' The RCS will remain at high pressure and a heat balarce
will be established between decay heat generated in the core and heat carried off via the
pressurizer safety valves and/or the PORVs. As'shown in Figure 3.9 2, feed and bleed
cooling is implemented by aligning a high-pressure makeup pump to maintain RCS-

. inventory and modulating the PORVs to control RCS cooldown rate. Normally a discharge
from the pressurizer safety valves and/or the PORVs is contained in the pressurizer quench -
tank.; This tank is not sized for continuous feed-and-bleed operation, therefore, rupture
disks'on the tank will burst, venting the tank to the containment. The containment cooling
systems are needed to complete the heat transport path to the ultimate heat sink. Normally,
RCS coolant inventory is measured by the water level in the pressurizer. During feed-and-
bleed cooling, pressurizer water level may not be an accurate indication of RCS coolant
inventory. Furthermore, repeated cycling of the pressurizer safety valves and/or the
PORVs may result in valve failure and an actual LOCA due to a stuck-open valve.
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- 3 .10' - Containment and Containment- Auxillary Systems
The containment structure is a physical boundary against the release of fission

products to the environment following a release from the RCS! There are three functionally -s

different types of primary containments used in U.S. PWRs:

Large, dry (atmospheric) containment-

(Large, dry) subatmospheric containment '
- Ice condenser (pressure suppression) containment -

These primary containment designs may be constructed of steel or concrete and may be
,

used with or without a secondary containment. PWR containment types are summarized 1

by functional design in Figures 3.101. PWR containments are not inerted.
;
I

3.10.1 Large, Dry Containment i

The large, dry, atmospheric containment is the predominant type of PWR
containment,' being found in 53 of 80 PWR plants. All Combustion Engineering and ;
Babcock &- Wilcox PWRs have large, dry containments. Example of large, dry :|
containment configurations are shown in Figure 3.10-2 ( fankee-Rowe steel sphere),3.10
3 (Davis-Besse steel cylinder with concrete shield building),3.10-4 (Diablo Canyon
if. re n orced concrete cylinder with steel liner) and 3.10-5 (Zion post tensioned concrete

cylinder with steel liner). Design pressures for large, dry containments vary considerably, i

but generally are in the range from 40 to 61 psig. Among plants with large, dry !
containments, Yankee-Rowe has the lowest containment design pressure at 34 psig. j

1
3.10.2 Subatmospheric Containment

.

.

Subatmospheric containments are only found at seven Westinghouse PWR
plants, six 3-loop plants, and one 4-loop plant. All subatmospheric containments are !

constructed of reinforced concrete with a steel liner. An example of the configuration of a
subatmospheric containment is shown in Figure 3.10-6 (Millstone 3 4 loop PWR). Design ;

pressures for subatmospheric containments. vary considerably, but generally are in'the
range from 45 to 60 psig.

;

3.10.3 Ice Condenser Containment
Ice condenser containments are only found at ten . Westinghouse 4-loop plants. -|

. Examples of ice condenser containments are showing Figure 3.10-7 (Catawba, Sequoyah, .
"

| and Watts Bar steel cylinder with concrete Aield buildmg), and 3.10 8 (typical of D.C.
Cook and McGuire reinforced concrete cylinder with steelliner). An isometnc view of the - .!
ice condenser is shown in Figure 3.10-9. Cae to the pressure suppression effects of the ice i

condenser, these containments' have lower design pressures than either large, dry
containments or subatmospheric containments. Typical design pressures for ice condenser -
containments are in the range from .12 to 30 psig.

3.10.4 Containment Auxiliary Systems
Regardless of the containment type, all PWR containment designs have

auxiliary systems to accomplish the functions of containment isolation, containment
pressure control and heat removal, containment fission product cleanup, and combustible
gas control. Systems related to these functions are desenbed below.

A. Containment Isolation
During normal operation, PWR containments typically are closed, or have only
a limited amount of " purge" airflow. Containment cooling during normal
operation typically is provided by a recirculating ventilation system, therefore,
large diameter ventilation lines penetrating containment can remain isolated.
Following a LOCA, the containment isolation system causes isolation valves
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L; - and dampers to close in certain lines that penetrate the containment boundary, y

L including any open containment puge lines, j
1: 1

"

[ B, Containment Pressure Control, Heat Removal, and Fission
L> Product- Cleanup ';
E The functions of containment pressuie control, heat removal, and fission
f product cleanup are integrated in the containment rpray, system in nost PWRs.
E Containment pressure end fission product concentration in the containment -

atmosphere are reduced by a containment spray system. The design of this
,

" system varies with containment type, but a spray system is found in large, dry 1
containments, subatmospheric containments, and ice condenser containments.*

L In most PWRs, the containment spray system initially injects water from the- 1
J RWST into the containment via spray headers located in the dome of the

containment. A chemical additive usually is added to the spray water to enhance'
'

i s fission product removal capability. In the ice condenser plants, the ice bedst

perform a pressure suppression function to limit maximum containment
pressure and also provide some " scrubbing" of fission products in the-
containment atmosphere. When the RWST has been emptied m a plant with a d
!arge, dry containment or an ice condenser containment, the containment spray : '

suction is aligned to the containment sump and the suction path from~the *

pumpT is isolated. In a subatmospheric containment, there typically are twoRWo
spray systems; an injection spray system that functions as described above, and !

a recirculation spray system.= When the RWST has been emptied in a plant with -
a subatmosphenc containment, the injection spray system is secured and the
recirculation spray system is started. ,

t
'

In large, dry containments, post LOCA containment heat removal is*

accomplished by heat exchangers in the containment spray system or the
residual heat removal system and/or containment fan coolers. The fan coolers
include filter beds for rission product removal. A ' simplified diagram of these !

containment cooling system heat transport paths is shown in Figure 3.1010.
The heat transfer path from the containment spray (or RHR) heat exchangers j
and the containment fan coolers to the ultimate heat sink is completed by one or
two cooling water loops (i.e. the CCWS and/or the service water system),

n Plants with.subatmospheric containments or ice condenser containments !

typically do not have containment fan coolers for post-LOCA containment heat ;
E

removal, ,

C. Containment Combustible Gas Control ~
PWR containments are not inerted.- Post-LOCA combustible gas concentratN
in the containment can be controlled by hydrogen recombiners and igniters.

h

3.11 Comnonent Cooling Svstems
The Component Cooling Water System (CCWS) is .a low-temperature, tow . '

pressure, single phase cooling system that provides cooling for a wide range of safety- ,

related components. As illustrated in Figure 3.11-1, the CCWS may provide for .
component, area, or system cooling in a variety of ways:

A. Direct component cooling
'

.;

This tyoc of coolinj; arrangecnt is illustrated by cooling paths A-A' and-
applies to cooling for pump bearings and seals.

1
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LJ B' Area. cooling by means of fan cooler units
-

_

j

'

This type of cooling arrangement is illustrated by cooling paths B B' and. .

applies to equipment room coolers that are required to n'aintain normal and'
;

post accident environmental conditions within limits necelsary for long term j
operation of components in safety systems.

p C. Fluid system heat removal
L

This type of cooling arrangement is illustrated by cooling paths C-C' and j

applies to CCWS cooling for a variety of systems including the RHR system, I

containment spray system, and the spent fuel pool cooling system.

D. Area cooling by means of HVAC units-
This type of cooling arrangement is illustrated by cooling paths D D' and
applies to CCWS cooling for normal and emergency heating, ventilating, and

'

air-conditioning (HVAC) systems. In this case, the chiller system forms a
closed loop heat transfer system between the CCWS and the area (s) being 1

,

cooled.
t

| The CCWS rejects heat to the ultimate heat sink through the cooling loop
indicated as the service. water system in Fig .ce 3.11-1. This service water system may

.
,

operate on an open, closed, or combined cyciv as described previously,
!

-3.12 Safety System Actuation
,

The role of the Safety System is to actuate components and systems needed to
mitigate the consequences of events that challenge limits established for normal plant
operation. The Safety System consists of two major subsystems: the Reactor Protection

.

System (RPS) and the Engineered Safety Feature Actuation System (ESFAS)i As -i
described previously, the function of the RPS is to initiate a reactor scram when needed.

,

The ESFAS pmvides for automatic actuation of a wide variety of components and systems
'

based on the detection of abnormal conditions in the reactor plant. As appropriate, the '

ESFAS can actuate systems necessary for RCS coolant inventory control and/or core-
- cooling, containment isolation and cooling, radioactive release contml, emergency power,

.

and component cooling.
: As illustrated in Figure 3.12-1, the ESFAS includes provisions for manual

actuation at the system level (typically from the contrcl mom) or at the actuation train level
(typically from the ESFAS output logic cabinets). A manual trip from the control room f

-

actuates all components that would be actuated by an automatic ESFAS actuation' signal. A !
1

manual trip from ESFAS_ out ut logic cabinets actuates only the components that are :
controlled by the respective ES3AS train. !

The relationship between the ESFAS and other means of actuation is also
shown in Figure 3.12-1. Individual remote-manual component controls, which do not use
any part of the ESFAS logic, generally are provided in the control room and/or at some

-other alternate control location. In addition, most motor-driven components can be
manually actuated by manipulating their circuit breaker on the respective switchgear panel i

,

or motor control center. Other types of power operated valves often can be controlled j
locally by manual manipulation of the pilot valves on the pneumatic or hydraulic actuator.

.|
L

3,13 Onslie Electric Power System

The onsite electric power system consists of two parts; the non-Class IE system.

which supplies non-safety loads, and the Class lE system which supplies safety systems.
During normal operation, the entire onsite electric power system is supplied from the output |

of the main generator and/or the offsite grid. Diesel generators are standby AC power l4

soutres for the Class IE portion of the onsite power system, and batteries are standby DC

.
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power sources. ! During normal operation, the diesel generators are idle, and the batteries -
_ are maintained fully charged by battery chargers which also supply the DC powet loads.

Large Class lE AC electrical loads (i.e. large pumps and fans) typically are
supplied from 6.9 or 4.16 kV switchgear. Smaller Class 1E AC loads (i.e. motor-operated
valves, small pumps and fans, battery chargers) are supplied from 480 VAC motor control .

centers. A representative onsite 4.16 kV and 480 VAC power system (Callaway) is shown |

in Figure 3.13-1. ;
Most DC loads are supplied from 125 VDC panels, although some plants may '

. have 250 VDC distribution systems to support DC-powered motor-operated valves or other
relatively large DC-powered components. Instrumentation power typically is supplied

,

from a 120 VAC system that normally is powered from the 125 VDC system with backup J

power from the 480 VAC system. A representative 125 VDC and 120 VAC system
' (Callaway) is shown in Figure 3.13-2.

Loss of the normal (preferrcd) s'ource of offsite power typically causes an ;

auto'matic shift to the alternate setree of offsite power and starts the respective standby 1
diesel generator (s)< If both sources of offsite power are unavailable, the non Class IE and j
the Class IE portions of the onsite electric power system are separated by opening circuit
breakers, and the diesel generators are aligned to supply the Class IE system. The standby
diesel generators and batteries can provide adequate power to enable other safety systems to
establish and maintain a safe shutdown condition.

The diesel generators are complex systems with integrated diesel and generator.
control systems that interface with a load sequencing system that re-energizes selected
loads in prescribed sequences when the diesel generator is ready for loading. Diesel .
generator starting is dependent on a source of DC power (usually the station batteries) for :
the control systems and generator field flashing. In addition, the following support i

systems typically are needed for diesel generator operation:
'

Fuel oil system (including the day tank which is the short-term fuel source)-

Fuel oil storage and transfer system (long-term fuel source)-

- - Air start system
- Lubricating oil system 1

"
. Jacket cooling water system-

- Combustion air intake and exhaust system .

"
- Diesel room cooling system

g; Simplified schematics for these systems are shown in Figures 3.13-3 and 3.13-4. As- j'

shown in Figure 3.13 4, heat from the diesel generatorjacket cooling water system and
;

. lubricating oil system is transferred to the ultimate heat sink via a service water system. In i

.a few plants, the jacket cooling water system may incorporate a radiator (i.e., a water-to-air
'

heat exchanger) and use the atmosphere as a hea: smk for diesel generator operation. A
significant amount of heat from diesel generator operation is transferred directly to the
atmosphere by the diesel exhaust system and the diesel room ventilation system. !

,
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Table 3.1-1. _ Summary of PWR Systems
s

i::
I

,

'

<

* PWR System NSSS Scope . BOP Scope )
II Reactor- X

: Reactivity Control System X l|- Reactor: Coolant System X
L Shutdown Cooling System X

Reactor Water Cleanup System X -|

L Containment X
Emergency Core Coeling System X- -

Habitability Systems' XContainment Spray Systems X '

ESF Filter. Systems XReactor Trip System X
Engineered Safety Feature Actuation

: System X X |
.

Safety Related Display Instrumentation X: -Xr
. '

p Non-Safety Control Systems XOn-Site Electric Power System Xn
'' iOff-Site Electric Power System X-

New-Fuel _ Storage System X- .,Spent Fuel Storage System X
Spent Fuel Pool Cooling and Cleanup- rSystem- X

i ., Fuel Handling System X '

Service Water System X
!

Component Cooling Water System: X:
L Ultimate Heat Sink- X '

Compressed Air System -Xi.

I= Proceas Sampling System X. 1

;

'

Chemical and Volume Control System- X iNon-safety HVAC System X :
Fire Protection System X
. Diesel Generator Fuel Oil Storage.and

Transfer System X
Diesel Generator Cooling Water System .X

'
- Diesel-Generator Starting System X

. Diesel' Generator Lubrication System X
L Diesel Generator Combustion Air Intake
L and Exhause System X'

Main Steam System Xi

L Turbine Generator.and Auxiliaries X
Main Feedwater and Condensate System X,

| Circulating Water System X-
|' Auxiliary Feedwater System- X

Radioactive Liquid Wasta System X
l

Radioactive Gaseous Waste System X -

Radioactive Solid Waste System X
Radiation Protection System X

n
-
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4, WESTINGHOUSE ?RESSURIZED WATER REACTORS (PWRs)

In the U.S., Westinghouse has produced 55 PWRs with two, three, and four
primary loops. As of March 1990, the numbers of units of each type are as follows:

2 loop 6 units-

3. loop 14 units-

4 loop 35 units-

A general orientation to PWR systems is presented in Section 3. Expanding on this
inuoductory material, an overview and brief companson of major features of Westinghouse

' PWRs is presented in Section 4.1. The 2,0, and 4 loop Westinghouse plants are
described m Sections 4.2 to 4.4, and numerous detailed comparative tables are presented in
Section 4.5. In Section 7 the comparative tables for the Westinghouse PWRs are
compiled with similar tables for Combustion Engineering and Babcock & Wilcox PWRs.

4.1 W* din ehnana. PWR Overview

4.1.1 Primary System
In all-W.estinghouse PWRs, a Trimary loop consists of a U tube steam

generator, a single vertical, centrifugal reacter coolant pump, and connecting loop piping.
The pressurizer is connected to one of the RCS hot legs. The general configuration of the
Westingho: sc reactor vessel and internals is shown in Figure 4.1-1. De U tube steam
generator is shown in Figure 4.12 and the pressurizer is shown in Figure 4.1-3. Typical
reactor vessel sizes for the three Westinghouse PWR models are as follows:

2 loop 132 ir.ch 1.d.-

3 loop 156 to 159 inch 1.d.-

4 loop 173 inch 1.d.-

There are four principal models of U tube steam generators in Westinghouse
plai,ts: 27 series,44-series,51 series, and Model F. All models have integral moisture
separators and steam dryers. Basic design characteristics of Westing 1ouse steam-
generators are listed in Table 4.1 1.

The Westinghouse RCS is designed to operate with nearly constant cold leg
temperature (Teoid ). Hot leg temperature (Thot) and average loop tonprature (Tave) .
Increase with power level as shown in Figure 4.1-4. This is the srMut ES temperature
control scheme used in Combustion Engincenng PWRs.

4.1.2 Reactor Core and Fuel Assemblies
With the exception of Yankee Rowe and Ship ngport, all Westinghouse

commercial PWRs are designed to operate with rod type slig enriched fuelin a 14 x 14
fuel assembly arra , a 15 x 15 array, or a 17 x 17 array. Yan Rowe has a unique rod-
type fuel assembl design, and Shippingport had unique plate type and rod-ty >e fuel
assemblies. All stinghouse PWRs except Yankee Rowe and Shippingport a;so use
muhl finger control rods that insert into channels in the fuel assemblics. Yankee-Rowe and
Shippingport both were designed with cruciform control rods. A comparison of basic
Westinghouse core parameters is presented in Section 4.5. A brief description of each rod-
type fuel assembly design is provided below.

A. Yankee Rowe Fuel Assembly (9 x (6 x 6))
The first generation of Westinghouse PWR fuel assembly, used only in
Yankee-Rowe, consisted of nine 6 x 6 subassemblies arranged in a square array
(i.e. essentially a 36 x 36 array). The assemblies measure 7.61 inches square.

41 3/90 |
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Table 4.1 1. General Characteristics of Westinghouse ,

Steam Generators 1

4

I

Design Parameters 27 Series 44 Series 51 Series Model F

Tube Side (primary) )

Design Pressure (psig) . 2,485 2,485 2,485 2.485

'

Nom. Operating Press. (psig) 2,000 2,235 2,235 unk. ,

Design Temp. ('F) unk. 650 650 650 |

Design Flow Rate (Ib/hr) 2.50E+07 3.40E+07 3.40E+07 3.55E+07
:

Total Prima.y Side Vol. (ft3) 553 944 1,080 %2
,

Shell Side (suondary)
,

Design Pressure (p.ig) 1,035 1,085 1,085 1.185 ,

Full Power Pressu.e (psig) 570 755 797 to 960 1,000

Design Temp. ;'F) unk. 600 '600 600

Full Power Temp. ( F) unk. 514 518 to 540 - 544 to 559 1

Steam Flow Rate (Ib/hr) 1.55E+06 3.32E+06 3.76E+06 to 3.78E+06 I

@ Full Power 4.06E+06

Total Secondary Side Vol. (ft3) 2,592 4,580 5,868 3,559

.

>

l
i

>

.
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1

\, ,

with an overall length of 111.25 inches. As shown in Figure 4.15, the ' ;

cruciform control rods were inserted tetween the fuel assemblies. Rubbing i

( straps on the outside edges of the fuel assemblies notected the outer fuel rods l

| from wear by the control rods. The fuel rod cladc ing was thick wall stainless ]steel, and spacing between rods was established by ferrules brated to the fuel ',

| rods.

The later generation Yankee Rowe fuel continued the Jeometry of the ori ginal ,

fuel assembly, but changed to thinner wall cold workec stainless steel clacding !

or zircaloy. In addition, fuel rod spacing was established by a grid structure. ;

R. 14 x 14 Fuel Assembly i

The 14 x 14 fuel assembly was introduced and is still used in several early !
Westinghouse plants (i.e., San Onofre 1, Point Beach) along with a :
corresponding change in the design of the control rods. De use of" rod cluster '

control assemblies" (RCCAs) distributed control rod poison more uniformly by :
means of multi finger control rods that can be inserted into full length thimbles !
in each fuel assembly. De 14 x 14 fu:1 assembly is designed for use with a 16

'

" finger" RCCAs. The insertion of an RCCA into s 14 x 14 fuel assembly is
shown in Figure 4.16. The thimbles are stmetural assemblies that join the end

,

pieces of the fuel assembly. The use of RCCAs instead of cruciform control
~;

rods reduced the occurrence of local hot spots when the rods were withdrawn.
|. When first introduced, the 14 x 14 fuel assemblies ut.ed stainless steel cladding '

'

and structural parts, but changed to zircaloy cladding. Gradual replacement of v
L t.tainless steel by zircaloy in fuel assembly structural parts continued into the !'

1970s.
,

C. 15 x 15 Fuel Assembly
Use of the 15 x 15 fuel assembly was introduced in 1967 with stainless steel .

cladding and structural parts, but changed to zirca'oy cladding in 1960.
Gradual replacement of stainless steel by zirealoy in fu(1 assembly structural
parts continued into the 1970s. The 15 x 15 fuel assembly is designed for use

'

with a 20 " finger" rod cluster control assembly (RCCA) Most plants that have !

used the 15 x 15 fuel assemblies are transitioning to the 17 x 17 fuel
assemb.ics,

.

F

D. 17 x 17 Fuel Assembly
The Westinghouse 17 x 17 fuel assembly is shown in Figures 4.1-7 and 4.18. |
The 17 x 17 fuel assembly was designed to fit in the same geometric and pwer

s

L envelope as the 15 x 15 fuel assemb y. ne use of the 17 x 17 array resu: ted in '

numerous advantages over the 15 x 15 fuel assembly, including: i
'4

Core average power density reduced from 7.03 to 5.43 kW/ liter (for a-

3411 MWt core)
Reduced linear power rating-

12% lowc ;urface heat flux, hence increased margin to Departure from :-

Nucleate Boiling (DNB)
About 500'F (278'C) reduction in peak clad ternperature under LOCA-

conditions.

:

L
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Nominal fuel enrichment is in the range from 2.1 to 3.1 weight percent U-235. j
The 17 x 17 fuel assembly is designed for use with a 24 " finger" rod cluster

i

control assembly (RCCA). The center thimble is reserved for in core !

instrumentation. This fuel assembly is mostly zircaloy exec st for the bottom
nozzle which is 304 stainless steel, and various springs anc. bolts which are i
Inconel 600 or 718. ;

:

4.1.3 Reactivity Control System - -

Core reactivny is controlled by full length and .nart length rod cluster control J
assemblics (RCCAs) burnable poison rods, and soluble boron in the coolant. The neutron |

absorber in the control rods typically is Ag-In Cd (silver indium-cadmium), while the i
burnable poison is B4C (boron carbide) that may be in the form of borosilicate glass. 1

Some Westinghouse plants use B4C for the control rod poison. |
'

As shown in Figure 4.19, the RCCAs consist of multiple control rods that are
joined at the top,by a " spicer" assembly and attached to the control rod drive mechanism
(CRDM) extension shaft. Magnetic jack type CRDMs are used to control the full length.

and part length RCoAs. These CRDMs consist of a set of five magnetic coils outside of
the CRDM pressure housing, and solenoid-operated ylungers and " gripper latches" inside
the pressure housing to engage the grooved cirive roc. extension shafts and hold, insert, or

. withdraw the control rods. The five sets of CROM coils are: (a) the stationary gripper coil,
(b) the movable gripper coil, (c) the lift coil, (d) the push down coil, and (c) the load-
transfer coil. The action of these coils is programmed so that stationary and movable
grippers are attemately engaged with the grooved drive shaft. The stationary gripper holds :
the drive shaft while the movable gripper is moving to its new position to raise or lower .

the control rod through steps of about 3/8 inch. The CRDMs for the full length rods are i

designed so that, upon loss of electrical power to the magnetic jack coils, the RCCA is
released and falls by gravity into tir core. The CRDMs for the part length RCCAs are
designed to hold the rods "as-is" upon loss of power. Details of a magnetic jack CRDM
are shown in Figure 4.1 10 and the location of the CRDMS with respect to the reactor
vessel and fuel assemblies is shown in Figure 4.1 11. The magnetic jack CRDMs are air-

| cooled.

4.1.4 Containment .

-

Westinghouse PWRs have been built with a greater variety of containment
designs than either C E or B&W PWRs, and include the only PWRs with subatmospheric
containments and ice condenser containments. The distribution of containment types for .

t Westinghouse plants is shown in Figure 4.1-12. Examples of containments for
i Westinghouse PWRs are included in the following sections.

|

,

;

\

: {

>
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4.2 2 Loon Westinehouse PWRs1,

< Westinghouse 2 loop plants in the United States include the following:,,

1T - - Ginna -
Kewaunee
Point Beach I and 2--

Prairie Island I and 2'' -

All of these pla~~ 5 -d full power operating licenses as of 2/89.
. .

. p
4. 2.1 - Reactor: Core' and Fuel Assemblies

All 2-loop Westinghouse plants have cores compris'ed of 121 fuel assemblies- 1

that yield power levels in the range from 1518 to 1650 MWt. All 2-loop plants use 14 x 14,

fuel assemblics and all have power densities in the range from 87 to 96 kW/ liter. ,

4.2.2 Reactivity Control System
.

.

Typically there are 29 to 33 rod cluster control assemblies (RCCAs) in 2-loop -

plants.

4.2.3 Reactor Coolant System
The general configuration of a 2 loop Westinghouse reactor coolant system is -

shown in Figure 4.2-1.
diameter. '

All_2 loop plants have a reactor vessel with a 132 inch insidea

l

+_
4.2.4 Steam' Generators - I

Ginna and Point Beach I and 2 use the intermediate size 44-series steam
generators while Kewaunee and Prairie Island I and 2 use the large 51-series steam
generators.

4.2.5 - Shutdown Cooling . Systems
Shutdown cooling is accomplished by the Residual Heat Removal (RHR)

system which also operates in the Low-Pressure Safety injection (LPSI) mode as part of
'

- the ECCS. g'
,

;,

' 4.2.6 Emergency Core Cooling Systems- *

A representative ECCS for a 2-loop Westinghouse PWR is~ comprised of the
following subsystems: 1

Three High-Pressure Safety Injection (HPSI) pump trains that inject into the-

cold legs via a boron injection tank.
Two RHR trains which perform the. Low-Pressure Safety Injection (LPSI) ~-

*
function, each with a pump and heat exchanger

_

Three Safety injection Accumulators, each connected to an RCS cold leg-

y

.t

The shutoff head of the HPSI pumps is about l~/50 psig, therefore, these#

p inps are unable to provide makeup to the RCS at normal operating pressure. In the evetit i
t a. small LOCA which leaves the RCS-at high pressure, it is necessary to first.o

depressurize the RCS before the HPSI pumps can provide makeup. Depressurization can
be accomplished by heat transfer from the RCS to the steam generators or by opening the
power-operated rehef valves on the pressurizer.

The HPSI pumps cannot be aligned a take a suction directly on the containment -
suinp. If needed, the RHR
high pressure recirculation. pumps can be aligned in tandem with the HPSI pumps for

-

,,

/ |
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,

. . . De nortnal charging system which has three low-capacity positive displacement ~ ,

, pumps, is not part of the ECCS.
i

'

4.2.7 : Containment i

.

. All Westinghouse 2-loop plants have large, dry containments of various
designs, as summarized below.

"
ConinInment Construction Annlicable Planin

.i

i
, . .

.

Kewaunee- . Steel cylinder with concrete
enclosure building Prairie Island 1 and 2

,

One-dimension (vertical) . Ginna 1-

post-tensioned concrete cylinder. ,

with a steelliner- ;' '
t
'

-

-Three-dimension post tensioned Point Beach 1 and 2 --

concrete cylinder with a steelliner ,

The general arrangement of the Ginna coh.ainment is shown in Figure 4.2 2 ,

._ section views) and Figures 4.2 3 and 4.2-4 (plan views).
'
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4.31 3 Loon Westinehouse PWRs ,!
C Westinghouse 3 loop plants in the United States include the following:

3
'"Y -: Beaver Valley 1 and 2

'

Farley 1 and 2;..

- :- H.B. Robinson 2,.

"
North Anna 1 and 21 -

San Onofre 1-

Shearon Harris 1--
'

Summer
'

-

Surry 1 and 21-

Turkey Point 3 and(4 -

s

All of these plants had full power operating licenses as of 2/89 except San Onofre 1 which - .

had a provisional operating license.

'4.3.1 L . Reactor: Core ~and Fuel Assemblies~

The 3-loop Westinghouse plants can be grouped into the following categories
based on core thennal output:

y
1347 MWt, San Onofre 1:-

'

. 2208 to 2441 MWt Robinson, Surry 1 and 2, and Turkey Point 3 and'4 .: 1 ,

2660 to 2775 MWt Beaver Valley 1 and 2, Farley 1 and 2,;=

7 North' Anna 1 and 2, Shearon Harris 1; and
'

Summer ,

-

All 3-loop cores are comprised of 157 fuel assemblies. San Onofre I uses 14 x 14 fuel -
.i ' assemblies and has an average power density.of about 70 kW/ liter. The intermediate power
& level group uses 15 x 15 fuel assemblies and has power densities in the range from 82 to ;

92 kW/ liter. Plants in~ the high power group use 17 x 17 fuel assemblies.to yield power
densities of 100 to 108 kW/ liter.,

m

w ~ 4 '. 3. 2 Reactivity: Control System
. The = number of full length. and:part length RCCAs for selected' 3-loop,,

. Westinghouse plants are' summarized below:
<;

<

M,
..

s

Fuel . Full Length Part Length
Plant Elements RCCAs' RCCAs

77 ,
1

,p:

Robinson 157 45' 8
'

7; Surry
.

.157 48 5
~

p Beaver Valley I and 2 157 48- 5,

,

j- , A more complete listing is provided in Section 4.5.

s- 4.3.3 Reactor Coolant System
i The general' configuration of a 3-loop Westinghouse reactos coolant system is ,

shown in Figure 4.31. - Most 3-loop plants have a reactor vessel with a 156 to 159 inch
- inside diameter. The only exceptions are the following:

144 inch vessel San Onofre 1:-

172 inch vessel Summer and Turkey Point 3 and 4-

p
!
p

..
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3 :4.3.4- Steam Generators'
.

,

Three vintages;of steam generators can be found among the!3 loop,

.. Westinghouse plants, as follows: |

2

,

T' 27 series San Onofre 1-
,

- 44 series. Robinson and Turkey Point 3 and 4 J

N SI series Beaver Valley 1 and 2, Farley 1 and ?.,-

North Anna 1 and 2, Shearon Harris 1,
Summer, and Surry 1 and 2

.. j

m A comparison of Westinghouse steam generator design parameters is included in Section
' ' '4.1.
J e

i 4.3.5 Shutdown Cooling Systems
For the following 3 loop plants, shutdown cooling is accomplished by the

F Residual Heat Removal (RHR) system which also operates in the Low-Pressure Safety
Injection (LPSI) mode as part of the ECCS'

- ,

_

Summer0 -: Farley I and 2 -
.

|. - - - Robinson Turkey Point 3 and 4-

Shearon Harris 1---

t

The San Onofre I and the plants with subatmospheric containment (Beaver Valley, North ;

L Anna, and Surry) appear to have separate RHR systems.
,

4.3.6 - Emergency Core Cooling -Systems
. .

m
; . In most of the 3-loop Westinghouse plants, the centrifugal charging pumps :i

1'

' perform the HPSI function and are capable of providing RCS makeup at the PORV.setpoint,

; pressure. These pumps inject into the cold legs via a boron injection tank. Plants in this 1<

category are: ,

! . Beaver Valley 1 and 2' Shearon Harris 1-

- : Farley 1 and 2 Summer'

L - ; North Anna 1 and 2 Surry I and 2 --

[ The remaining 3-loop plants (Robinson, San Onofre 1, and Turkey Point.3 and 4) have7
separate HPSI pumps and sitive displacement charging pumps. The shutoff head of the.." HPSI pumps is about 17 psig, therefore, these pumps are unable to provide makeup to
the RCS at normal operating pressure. In the event of a small LOCA which leaves the RCS

' at high pressure, it is necessary to first depressurize the RCS before the HPSI pumps can -i

provide makeup. < Depresturization can be accomplished by heat transfer from the RCS to .

'

the steam generators or by opening the power-gerated relief valves on the pressurizer.
|,

. .. Two'different low-pressure ECCS 'ubsystems are found in the 3 loop plants
b based on containment design. In the plants with a large, dry containment, the LPSI

function is performed by the RHR system. In some of the subatmos sheric containmento

plants, the low piessure injection / recirculation system is separate from t ie RHR system and
*

' does not include heat exchangers in the flow path to the RCS.
The centrifugal charging pumps, and the separate HPSI pumps, cannot be

aligned to take a suction directly on the containment sump. If needed, the low-pressure
ECCS . subsystem can be aligned in tandem with the high-pressure ECCS subsystem for

-- high pressure recirculation.

1

4-25 3/90 '

,',

, - , . , . - . . -



, -- - .- - . . - .-- - . . -

.e , . ,, - , .

* * " g i,

.i
LI

'

m
7 .3.75 . Containment4

" )

.! Westinghouse :3 loop plants have ,either lar ge, dry containments or
P . subatmospheric containments of var,aus designs, as described selow.
x"

-A . . Large, Dry Containment
.

Eight of fourteen 3 loop plants have large, dry containments. The types of|
: construction used in these contr'..<nents is summarized below.

q
Containment Construction Applicable Plants

,

S' eel sphere with concrete. San Onofre 1t
enclosure building. <i

o
|s Reinforced concrete cylinder Shearon Harris i i
p" - with a steelliner -

- One-dimension (vertical) Robinson
'

post tensioned concrete -
>

. cylinder with a steelimer
|

nree-dimension post - Farley 1 and 2 -!p ,-

tensioned concrete cylinder Summer . .L 3

with a steelliner Turkey Point 3 and 4 -
L

L Examples of large, dry containments for 3 loop Westinghouse 11 ants are shown ~j
p : in Figures 4.3-2 and 4.3 3 (Robinson) and Figures 4.3-4 and t.3-5 (Summer). ;

p B. .Subatmospheric Containment
.

h ne following six of the fourteen 3-loop plants have subatmospheric cylindrical -
,

;. . containments constructed of reinforced concrete with a steel liner.

L -:' Beaver Valley 1 and 2 a
- North Anna 1 and 2 1

'
!1-' ~ Surry 1 and 24

l. Only one other PWR in the U.S. has a 'subatmospheric containment: Millstone F

. 3, a 4 loop Westinghouse plant.: The North Anna subatmospheric containment,

is shown m Figures 4.3-6 and 4.3-7-!

,

|- h

o , ,;
2

i.

~

r

:. -

g

r'

.{
] j.4 -

1

t; y.

| r

f

i
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4.41 'd Loon 'Westinehouse PWRs I-
_

Westinghouse 4 loop plants in the United States include the following:

Braidwood I and 2 Millstone 3 - . 'a- -

Salem 1 and 2
~

:' Byron 1 and 2- -

Callaway - Seabrook . (- -

Catawba 1 and 2 . - - South Texas 1 and 2
~

-

Comanche Peak 1 and 2 Trojan- -

D.C. Cook 1 and 2 Vogtle 1 and 2- - 4

Watts Bar 1 and 2 :Diablo Canyon 1 and 2- -

Haddam Neck Yankee Rowe !- -

-Indian Point 2 and 3 Zion 1 and 2- -
;

McGuire 1 and 2 j-.

All of these plants had full power operating licenses as of 2/89 except for Comanche Peak 1
,

and 2, Seabrook, South Texas 2, Vogtle 2, and Watts Bar 1 and 2. The Westinghouse 4- t

loop NSSS is shown in Figure 4.4-1.
;

4.4.1 Reactor Core and Fuel Assemblies
The 4-loop Westinghouse plants can be grouped into the following categories|

,

based on core thermal output:

600 MWt Yankee-Rowe-

. 1825 MWt - Haddam Neck
2758 to 3817 MWt~ All other 4-loop plants-

The Yankee-Rowe core is comprised of 76 unique 9 x (6 x 6) fuel assemblies and uses
cruciform control rods as shown in Figure 4.4-2. The majority of the other 4-loop plants
use 17 x 17 fuel assemblies, with a few still using 15 x 15 fuel assemblies.' The Haddam.
Neck core has 157 fuel assernblies and all others have 193 fuel assemblies. The general
arrangement of a 193 fuel assembly core is shown in Figure 4.4-3.

The av'erage power densities of the earlier -;-loop plants (i.e., Yankee-Rowe,,

i ;Haddam Neck, and Indian Point 2 and 3) are in the range from 82 to 93 kW/ liter. - All of
| ; the later plants using the 17 x 17 fuel elements have power densities in the range from 98 to
n- 109 kW/ liter.
1' y a
L 4.4.2 Reactivity Control System

.

I

L The number of full length and part length ~ RCCAs for selected 4-loop',
L . Westinghouse plants are summarized below:
i.

L Fuel Full Length Part Length ,Ji
u, Elani Elements RCCAs RCCAs

,

| Haddam Neck 157 45 0 l
Indian Point 3 193 53 0
McGuire 1 and 2 193 53 8

'
r

Seabrook1 193 58- 0s

A more complete listing is provided in Section 4.5.
4 ankee Rowe i s the only Westinghouse plant to use cruciform control rods.n

,

There are 24 cruciform contml rods operated by magnetic jack CRDMs plus 8 cruciform '

fixed " shim" rods. The position of the shim rods can be changed only dunng refueling, i

4-36 3/90 1
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oP . 4.4.3 Reactor Coolant System -
. .

The general configuration of a 4-loop Westinghouse reactor coolant system is
shown in Figure 4.4-1 Most 4-loop plants have a reactor vessel with a 173 inch inside i

: diameter. The only exceptions am the followmg:
,

109 inch vessel Yankee-Rowe. -

154 inch vessel Haddam Neck - 1-

- - 167 inch vessel Comanche Peak
i

4.4.4 Steam Generators
All vintages of steam generators can be found among the 4-loop Westinghouse.

plants, as follows: *

27-series Yankee Rowe-

- - 44 series Indian Point 2 and 3 '.

SI series Most other 4 loop plants-

Model F Seabrook, Wolf Creek, Callaway-

(late-mode! 4-loop plants) j

A comparison of Westinghouse steam generator design parameters is included in Section
4.1,

?

4.4.5 Shutdown Cooling Systems
In most of the 4 loop Westinghouse plants, shutdown cooling is accomplished

by the Residual Heat Removal (RHR) system which also operates in the Low-Pressure
Safe y injection (LPSI) mode as part of the ECCS. |

F

4.4.6 Emergency Core Cooling Systems 1
Almost all 4-loop Westinghouse plants have two high pressure ECCS

- subsystems; the high-pressure safety injection (HPSI)' system and the centrifugal charging
pumps which are part of the ECCS, In these plants, the shutoff head of the HPSI pumps
typically is on the order of 1600 to 1700 psig. Each centrifugal charging pump pump can -;

' provide approximately 150 gpm makeup to the RCS at the PORV set)oint pressum,
_ The only exceptions to this high-pressure injection capa)ility are the Yankee -

Rowe and Indian Point 2 and 3 plants. These plants have an intermediate-pressure HPSI -
3

system and low-capacity positive displacement charging pumps which are not part of the
ECCS. In the event of a small LOCA which leaves the RCS at high pressure, it is

'
; '

= necessary to first depressurize the RCS before the HPSI pumps can provide makeup. j
Depressurization can be accomplished by heat transfer from the RCS to the steam d
generators or by opening the power-operated relief valves on the pressurizer.-

4.4.7 Containment '

Westinghouse ,4-loop, plants have either _ large, dry containments, a
subatmospheric containment, or ice condenser containments of various designs, as j]
described below. The ice condenser containment is unique to Westinghouse 4-loop PWRs.

-

A. Large, Dry Containment
Twenty-four of thirty-five 4-loop plants have large, dry containments. The :
types of construction used in these containments is summarized below.

s

i
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7, containment - Construction Applicable Plants
e "

Bare steel sphere Yankee Rowe q

Reinforced concrete cylinder ' Comanche Peak 1 and 2
with a steelliner Diablo Canyon 1 and 2 j;

,

Haddam Neck - 1

Indian Point 2 and 3 - |
- Salem 1 and 2 ;

- - .i
< Reinforced concrete cylinder with a steel Seabrook 1

.

steel liner and secondary containment ' '!

Three-dimension post- Braidwood 1 and 2
'

tensioned concrete cylinder Byron 1 and 2
with a steelliner Callaway .

South Texas 1 and 2 !

V e l and 2 -
WolfCreek

' Zion 1 and 2
- -

The Yankee Rowe steel s? ere large, dry containment is shown in Figures 4.4-h
.4 and 4.4 5. A reinforcec concrete large, dry containment (Diablo Canyon) is ~ ,

shown in Figures 4.4-6 and 4.4-7. - The South Texas three-dimension post-e *

tensioned concrete large, dry containment is shown in Figures 4.4-8 and 4.4-9. 3

B. Subatmospheric Containment' '

Millstone 3 is the only 4-loop Westinghouse PWR with a subatmospheric>

containment. The Millstone 3. containment isishown in Figure 4.4-10.- 1

Construction is of reinforced concrete cylinder with a steel liner and a secondary :
1T containment. ' All other subatmosphenc containments in the U.S are found in

Westinghouse 3 loop plants.

C.; Ice Condenser (Pressure Suppression): Containment
-

Ice condenser containments are unique to 4-loop. Westinghouse PWRs, and ten :|

of the thirty-five 4-loop plants have this type ot containments. The types of -
construction used in these containments is summarized below.

Containment Construction Applicable Plants
I'

:;l
.

b Steel cylinder with concrete Catawba 1 and 2
p shield building Sequoyah 1 and 2
i, Watts Bar 1 and 2 .

o m. l

leinforced concrete cylinder D.C. Cook 1 and 2 ~ |
L , dth steel liner McGuire 1 and 2 |

|.

L. The Catawba ice condenser containment is shown in Figures 4.4-11 and 4.4- !)
12, and the Watts Bar containment is shown in Figures-4.4-13 to 4.4-15. |

|

.

Additional details on the configuration of the ice condenser units can be found ;|
|: in Section 3. 1

1

I
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.4.5 - - Weatineha=== PWR Comnmentive Date* '

. This section contains the following tables which present comparative system data
for Westinghouse PWRs::

h , - 1 Table 4.5-1 Design Parameters for Representative Westinghouse PWRs.

Table 4.5-2 Comparison of Westinghouse PWR Vesse' and Core Parameters =:-
<,

Table 4.5 3 : Westinghouse PWR System Comparison - Rt''S, AFW, Charging-

and HPSI-
,

Table 4.5-4 Comparison of Westinghouse PWR Pressurize Relief Capacity-

- - Table 4.5 5 . Comparison of Westinghouse PWR Containmeats

Table 4.5-6: Comparison of Westinghouse PWR Backup Electne Power-

Systems

- Table 4.5-7 Comparison of Westinghouse PWR Power Conversion Systems >

n
,

>
i

k .;
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Table.4.5-1. : Design Parameters. for Representative Westinghouse PWRs

_.

REACTOR FLANT WE5IIMGHOU5E W F3 E IMGNUU.R . Mr.3EIMUNUU5E - WE.5IIMU N(A SE
CHARACTERISTICS ' 2-LOOP FLANT 3-LOOP FLANT " EARLY SLOOP PLANT LATE & LOOP FLANT ' -Vi

CINNA H.B. ' ROBINSON TROJAN SOUTH TEXAS 1 AND 2
Orrreis

Manber ofloops 2 wiIhois isolanon 3 withoes isolsanan 4 withois isolseson 4 wienout isolation

7hermalcapacity 1520 M Wt 2308 M Wt 3411 M Wt 3817 M Wt>

,- Elecs-ic capnary 470 MWe 665 MWe " 1095 MWe I x 1250 MWe
|.
l Efficiency (nes) 30.92 % 29.81 % 32.10 % 32.75 %
i

Coolans pressre in pnmary cirant
. at exit from reacsor 2235 psig 2235 psig 2235 psig 2235 psig ..

I Coolans tenverstwe at inlet 551.9 T 546.2 7 552.5 7 560 7

Coolare ., atexit frornrendor 6347 642T 620 T 628.8T.

Coolare fbw rate through reacsors (total) 66.7E6 lbor 101.5E6 lb/hr 132.7E6 lb/hr 1.39E7lber

? Core
$ ileightof acssvecore 12 ft. 12 ft. 11.98 ft 14 ft.

Egnvalera diameter 8.04 ft. 9 96 fL 11.06 ft. 11.1 ft.

, Nianber of fuel assernblics 121 157 193 193
I

|. Nurnber of control rods assemblies 29 53 53 57

%anber of fuel elemeras mi assernbly 179 204 264 264

Disnearr of fuelelemers 0.3669 ist 0.3659 in. 0.3225 in. 0.374 in.

! Area of heat transfer surface 28,715 sgft. 42.460 sq ft. . 59,700 sqfL 69,700 sqA
!

Mein specific heat flux 150,500 Bas /hr-sqi - 171,600 Bem/hr.sq.fL UnL 181,200Beida-sq fL -

Nurnberof fuelrods 21,659 32,028 50,913 50,913

Core loading 3 region nornauform . 3 sesion non-enderm 3 region non-uniform . 3 region noswansform

Average bumup(frst cycle) -14.126 mwd /MDs - 13,000 MWdMTu UnL 15,000 MWdMrs

Finet weight (as UO2) . 120.130 lbs. - 175,400 h. 222,739 lbs. 239,860 hw
D-
o

_ _.. ._ ,_ . . n_, .. - ~ . - _ . _ - . ,- ,, ,.._ ~.. 1 , - _ . .
. .. .
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' Table 4.5-2. Comparison of Westinghouse PWR. Vessel and Core Parameters'

l
i

PWR PWR Roseter Plant Core Reector Core Core Core Averego Number Fast fluneber of
Vender Type > Nome Power Vessel Equivalent Active Power Donetty of Feet- Element Centret Rede

(MWtI l.D.' (in) Diese.-(in) Helebt (in) (kW/!!ter) Elesmente Geometry (FelltPert Leneth]

W 2-Ioop Girma 1520 132 96.5 144 89.00 121 14 x 14 29 F/4 P '

W 2-loop Point Beech 1 & 2 -1518 132 96.5 144 87.00 121 .14x14 37 (notel) '
,

'W 2-loop Muummeo 1650 132 96.5 144 94.90 121 14x14 33 (total) .

W 2-loop Prairie 8 eland 1 & 2 1650 132 96.5 144 95.90 121 14 z'14 ' 29 F/4 P -

W 3-loop Sen Onote 1 1347 .144 119.5 ~ 944 .70.40 157 14x14 ;45 (notel)

W 3-loop H B. Ratunecm 2 2200 156 119.5 144 82.60 157 15x15 148 F5 P

W 3-loop Surry 1 & 2 2441 159 119.5' 144 92.00 157 15x15 48 ' 'P .

W 3-loop Turkey Point 3 & 4 2208 172 119.5 144 82.90 157 15x15 ?g

W 3-loop Beewer VeBoy 1 2660 157. 119.5- 143.7 100.00 157 17x17- 48 F5 P -
|

| W 3-toop Beewer VeBoy 2 2660 157 119.E 143.7 100.00 157 17x17 48 F5 P

W 3-loop Ferley 1 & 2 2652 157 119.5 144 101.10 157 17x17 45 (total)

W 3 loop . North ,dme 1 & 2 2775 i157 119.5 144 " 8.70 157 17 x 17 48 (notel)

W 3-loop Sheeron herris 1 2785 157 119.5 144 105.00 157 17 x 17 52 (notel) ' {

W 3-Ioop Summer 2785 172 119.5 144 104.50 -151 . 17x 17 48 (notog
.

W 4-loop Yardeo Rome 600 109 75.7 91.9 89.3 to 901 76 9 m (6 x 6) 24 (total)

W 4-loop Heddam Nack 1825 154 119.6 121.8- 82.00 157 15 x 15 ' 45 (totel)
'

W 4-toop Bradmood 1 & 2 3411 173 132.7 143.7 104.50 193 17x17 53 (notel) ,

i i
W 4-loop Byron 1 & 2 3411 173 132.7 ~ 143.7 104.50 193 17x17 53 (notel)

W 4-loop CeBeway 3425 173- 132.7. ~ ~ 143.7 109.20 193 . J7 x17 . ~ 53 (totet)

W 4-loop Catsube 1 & 2 '3411 ~173 132.7 143.7 103.5 to 44.6 .193 17x17 53 (totog ' |
.

.. k

~.- . _ _ _ = _ . . = _ . - _ = _ _ . _ _ _ _ _ _ _ _ - _ _ c. . _ _ _ _ _ _ . _ _ .__ - . _ - - . - - ~ , - , - -~a - , . - _ . . . _ _ .
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| . Table 4.5-2. Comparison of Westinghouse PWR Vessel and Core Prranneters (Continued)'

!

PWR PWR Reector Plant Core Reector Core Core I Cees Averego sewneser Fuel Punstner of

Vendor Type Name Power ' Vessel Eq *lvelent Active Power Donelty of Fuel Element Control Reds
(MWt) 8.D. (in) Dies' (in) Heleht - (in) (kWfIlter) Eleasente Geometry (Full' Pert Lene*hj

W 4-loop Corranche Peak 14 2 3425- 167 -'132.7 143.7 103.3 to 104.5 193 17m17 53 (totag.'

I W 4-loop D. C. Cook 1 & 2 3250 173 132.7 140.7 98 0 to 103.8 193 17m17 53 (total)
!

W 4-loop Diablo Canyon 1 & 2 3338 173- 132.7 143.7 102.3 to 104.5 193 .17m17 53 F/8 P

W 4 loop Indan Point 2 2758 173 132 7 144 85.00 193 15m15 53 F/8 P -

W 4-toop Indan Point 3 3025 173 132.7 144 92.70 193 15 m 15 53 F18 P

W 4-loop McGuire 1 & 2 '3425- 173 132.7 143.7 103.50 193 17x17 53 (total)

W 4-loop Millstnne 3 3411 173 132.7 143.7 104.50 193 17 x17 - 53 F/8 P

P W 4-loop Salem 1 & 2 3338 173 132.7 143.7 102.60 193 17 x 17 53 (notat) ,

$
~ 53 (total)W 4-toop Sombrook 1 3411 173 132.7 143.7 104.50 193 17x17

; W 4-Ioop Sequoyah 1 4 2 3411 173 132.7 143.7 103.50 193 17x17 53 F/8 PS

W 4-loop Souh Texas 1 & 2 3817 173 132.7 168 105 (est.) 193 17x17 57 (notwl)

W 4 loop Trojan 3411 173 132.7 143.7 105.50 193 17 m 17 - 53 F/8 P
->

W 4-loop Vogde 1 & 2 3411 173 132.7 143.7 104.50 193. 17 m17 ' 57 (noten

W 4-loop Waus Bar 1 & 2 3411 .173 132.7 143.7 103.50 193 17x17 53 F/8 P

W 4-loop Wolf Creek ' 3411 173 132.7 143.7 ' 101.90 193 17m 17 57 - (totat)

W 4-loop Zion 1 & 2 3250 173 132.7 144 100.00 193 15x15 57 (total)

w

L _ __ _. _ . _ - ._ . _.
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Table 4.5-3. . Westinghouse PWR System Comparison -.RCS,'AFWJ Charging and HPSI-
.,

Moscoor Ceessne Syeeman messhery Feeeeeeer Syeeman Chargung Speesse 90egh Proseuse papacteen Sysesse

ISSSS Core 8 RCS SACS SIG # AFW Type Capocay F . Type CepecMy , CapacMy e Type Capeceey . Capecsty
i Plant lemmie Veseder WWI Lease POftWISV Modet rammee Ortoo ~ mesa e sede plause Ptmuun mum e sede ese O P0fW Ptsmos plume man 9 sein mean 3 Posw tesese
| Seever Vasey 1 & 2 W 2960 3- 313 $1 2 M 3So @ 11e8 3 Care 150 6" 2514 150 Same as cereL chaqpng pumps (a)
i 1 Y 700 9 1188

Ora h 1&2 -W 3411 4 273 St- .1 M 800 9 1462 2 Cars 150 $ 2526 150 2 Cert 400 @ 1106 - 0_ p)
1 O 840 e 1462 1 R) 98 98

Byron 1 & 2 W 3411 4 213 St- 1- M 890 @ 1452 2 Cers 150 @ 2526 160 -2 Core 400 @ itOS, 0 pt
1 D $40 91462 8 PD 98 98

Caitaeay W- 3425 4 2/3 F 2- M 600 9 1387 Cert ISO 150 2 Cerd 42S @ 1162 0- [
t T 1200 @ 1387 1 R) 98 98 - ~

Catswea 1 & 2 W $411 4 3/3 - St 2 M $00 @ 1382 2 Cert 150 3 2P40 160 2 Core 400 9 1750 0 -- ta)
1 T 100 e 1386 1 R) 98 88

Comanche Peak 1 & 2 W 3425 4 213 F 2 M 470 911C7 2 Core uret uret 2 Core uret 0 to)
1 T 900 9 1907 1 R)

0.C. Cook 1 W 3250 4 3r3 5t 1 M 450 @ 1177 2 Cert 150 @ 200t ISO 2 Cers 400 9 1700 0 ta) (tg
1 7 900 9 1177 1 R) 98 98

0.C. Cooa 2 W 3250 4 2/3 SIF 1 M 450 $ 1177 2 Care 150 9 2000 150 2 Core 400 @ 1700 o p) pp
1 7 900 @ t#77 1 R) 98 98

Dianno Canyon 1 & 2 W 3338 4 3/3 UT 2 M 440 @ 1300 2 Cert ISO @ 2514 ISO 2 Core 425 @ 1084 0
1 T 600 9 unit 1 R) 98 @ 2514 90

Faney 1 & 2 W 2662 3 273 51 2 M 3So @ 1214 3 Cers 150 9 2000 150 Same as core. chaqrng pumps (a) ..

1 M 700 9 1214
Gunre W 1520 2 212 44 2 M 200 @ 1344 3 R) 60 60 3 Core 300 9 1170 0 (a) (c)

1 T 400 9 1344
-2 M M10 91000

Haddam Nack W 1826 -4 213 27 2 .T 490 @ 1000 2 Cert 3e0 @ 2300 360 .2 Core 970 @ 1750 - O p)
1 R) 30 30

rusan Posnt 2 W 2756 4 2/3 44F 2 M 400 9 1350 - 3 R) 98 98 3 Care 400 @ $100 0
t T 900 9 13SO

rusan Posra 3 W 302S 4 2/3 44F - 2 M 400 @ 1390 3 R) 90 98 3 Cort 400 9 1000 0 (a)
1 T 800 @ 1190

h W 1660 2 212 S1 2 M 240 9 123S 3 R) 60 60 2 Core 100 9 1082 0 (a)
I 1 7 240 g 1236

,

McGut e 1 & 2 W 3425 4 St3 51 2 M 450 9 1855 2 Cers ISO @ 2S14 150 2 Corg 400 9 1106 0 pp
'

1 T 900 9 1730 't M 55 55 .

5[.none3 W 3411 4 2/3 51 2 M SFS @ 1200 3 Cses ISO @ 2000 ISO 2 Cors 425 @ 1500 0 (a)
'

1 T , . 1200 1:
_Nenh Arma 1 & 2 W 2775 3 213 StF 2 M 360 $ 1214 3 Cert 150 9 2500 150 vm as cerer. chegmg purros (a)|

1 T 700 9 1214
PoereBonai1& 2 W 1S18 2 2/2 44F 1 M 200 9 1192 3 R). 60_$ 60.6 2 Core 700 e 1750 0 (a) (ep

-1 T 400 S tit?
Prarie lutano 1 & 2 W' 1850 2 2/2 St 1 M 200 @ 12JO 3 R) 60.5 60.5 2 Core 710 @ 1082 0 (e) (di

t T 200 9 1200
| Rotamon W 2200 3 273 .44F. 2 M 300 9 1300 3 R). 17 17 3 Core ',75 e 1750 0 (a)

1 T 000 3 1300
oo Salem 1 & 2 W 3338 4 2/3 $1 2 M 440 9 1300 . 2 Cars 150 9 2000 150 2 Cere wet 0. (as

Q t T 000 S 1950 t R) 98 98

O san onahe 1 W t347 3 2/2 ; 27 t M 236 @ 1035 2 Cars o @ 2400 0 Same as cert cnsrges pumps (a) .
1 T 300 @ 1110

Seatwoom W 3411 4 213 F 1 M 110 @ 1322 2 Cers ISO @ 2000 tSO 2 Core 42S @ 17SO O p)

t T' 710 9 1322 1 R, 98 98

i

|-~.. - ~ .. ~ , - . 4. . . . , . _ _ _ _ , _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ . _ _ .e______ ___j,_.____,__.___.._,__,21.__ _ _ . f. _ , .._ .%. , _.1... _ _,.,,,,,,g,_ , m. ,, ,
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Table 4.5-3. Westinghouse PWR System Comparison '- RCS, AFW, Charging and HPSI
(Lonhnued) -

Reester Centent Syeeses AssNeery Feeduretse Systese Chargang 0, Mege Preseuve signeten Syeesee

1858 S Caes 8fCS 8 ftCS . SIG . e AFW Type) . Eapse; y s Type Cepecery Capeesty a Type Capecay Capocny

Plant fessee vender apurt tempo POftvr$V Moese Punuse Orive ' asme # sein Stampo Pises, apes @poin y @ posw Punque pienen asse 9 pass arme 9 PCsIV testee

Sequoyan f & 2 W 34It 4 2/3 St 2 M 440 @ 1257 2 Cert 150 @ 2514 1SO 2 Cars 425 9 1084 -0'

1- . J T 900 9 1757 1 80 $5 55

Sheanni Harns t W 2785 3 3/3 uT 2.j M 400 @ 126S 3 Cors ISO @ 2514 - 1Sc Same as care. chargeg em ..

t 7 900 9 1285

Smet Texas 1 & 2 W 3817 4 2/3 F 3 M $40 9 1435 2 Cers 190 @ 2S13 160 3. | Cere |800 @ 1735
0

t Y 540 9 1435 - 1 50 35 35 i r

Summer W 2785 -3 urst UT 2 M 900 @ 1211 3 Caen 1to @ urm . 1SO Same as cers. J_ g sw
-

t T 1010 @ 1211

Surry 1 & 2 W- 2441 3 2s3 .StF 2 M. 3SO @ 1933 .3 Cars tSO @ 2495 50 Same as coet chygeg m._ ta)

1 T 700 9 1183

Tro}sn W 349t 4 2/3 St t 7 900 9 1474 2 Cert 150 @ 2000 t50 2 Cers 425 9 1700- O ta) _

1 O 900 9 1474 1 50 98 99

Turtney Poers 3 & 4 W 2200 3 213 44F 2 T 000 $ 1203 3 PD 17 77 2 Coe 300 9 17S0 0- ta)

Vogne t & 2 W. 3411 4 2/2 S*- 2' M E30 @ 1517 2 Care 150 @ 2514 150 2 Core 425 91162 - O ta)

1 7 1917 9 1517 1 fU 98 9 urist 98

teens Bar 1 & 2 W 3411 4 2/3 67 2 M 470 9 1000 - 2 Cers 150 @ 2614 150 2 Core erst 0 ta)

1 T 940 9 1800 t SU 98 9 32nD 98

West Creek W 3411 4 2/3 F 2 M 000 @ 1387 2 Care ISO @ 2514 1SO 2 Care 42S 9 eset O ta)

4 i T 1200 9 1387 1 fU 98 9 25t4 98

h Yanaise Rosse W 800 4 1#2 27 1 7 80 9 1200 3 Corv 33 33 3 Core 187 @ SSO O- (a) (e)e

Zuwe 1 & 2 W . 3250 4 2/3 St 2 .M 450 @ 1343 2 Cers 150 @ 2000 160 2 Core 400 @ 1994 0. (a)

1 'T 900 9 1343 1 FO 98 98

i

.
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Table 4.5-3. .- Westinghouse PWR Systen Comparison .- RCS, AFW, ' Charging and HPSI
-~

.-(Continued)
'

O ~

7..
~~General Note:

'All pump capacities are stated on a per-pump basis. AFW pump capacity is stated in terms of rated capacity. Charging and ~
*_high pressure injection pump capacity is ..ated in terms of rated capacity and approximate capacity when RCS pressure is at

j the PORV setpoint (i.e. for " feed and bleed" operation).
,

t

Codes used in this table-include: '

,

I Type drive- M = electric motor .
'

T = steam turbine
Type pump: PD = positive displacement

i
Cent = centrifugal i -

RCS PORV/SV: number of RCS power-operated valves (first .
number) and safety valves (second number).

S/G model: UT = U-tube (see note (a)) -
j OT = once-through
w

N+tes:

[ (a) - The. Westinghouse small i_nventory steam generators (senes 27 and 44) require twice the feedwater flow to prevent
L dryout as compared to the later versions (series 51 and F). He exception is Yankee-Rowe (ref. NUREG/CR-3713, .

Section 3).
(b) At Point Beach, and D.C. Cook, the motor-driven AFW pump in each unit can feed steam generators in both units.

,

(c) Ginna has a main AFW system with two motor-driven and one turbine-driven pung as well as a standby AFW -'

"

system which has tow motor-driven pumps' located in a separate area.
(d) ~ At PraMe Island, the motor driven AFW pump at each unit normally supplies the opposite unit.
(c) 'At Yankee Rowe, charging and SIS provide backup for AFW.

.

1

D +

o

'

. _ . _ . . . , _ _ _ . - _ . _ _ _ . _ - _. . . - c .. .- . _ ,_ _.- _.. - . . _ _ - . - . . . - - - , -.m_._-1_ . . ._.m . _--_h__ . . _ . _ .
-
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Tatde 4.5-4. Counparison of Westinghouse PWR Pressurizer Relief Capacity

NSSS #RCS Ma nuf acturer Cepecity Lowest e RCS Capacity Lowest

Plant Name Vendor PORV's (Ib /h r/M W t) Setpoint (psla) SV's (KIb/hr) Setpolnt (psla)

Beaver Valley 1 & 2 W 3 Masoneilan 79.9 2335 3 345 2485
38-20771

Braidwood 1 & 2 W 2 Unk. 210* 2335 3 420 2485

Byron 1 & 2 W 2 Unk. 210* 2335 3 420 2485

Callaway W 2 Unk. 210* 2335 3 420 2485

Catawbr.18 2 W 3 Unk. 210* 2485 3 420 Unk.

Comanche Peak 18 2 W 2 Unk. 210* 2185 3 420 2485

D.C. Cook 1 M 3 Masonalan 64.S 2335 3 129.2 2485

?
# D.C. Cook 2 W 2 38-20721 61.8 2335 3 123.5 2485w

Diablo Canyon 1 & 2 W 3 Unk. Unk. Unk. 3 U ik. Unk.

Farley 1 8'2 W 2 Copos-Vulcan 79.2 2335 3 130.1 2485
D - 10 0 - 16 0

Gwina W 2 Copos-Vulcan 117.8 2335 2 189.5 2485
D-100-160

Haddam Nedt W 2 Copos-Vulcan 115.1 2270 3 160.7 2485
D-100-160

indian Point 2 W 2 Copos-Vulcan 78.7 2335 3 147.9 2485
D-100-160

indian Point 3 W 2 Copos-Vulcan 78. / 2335 3 147.9 2485
D - 100- 160

Kwaunse W 2 Copos-Vulcan 106 2335 2 209.1 2485
D-100-160

w
D
C
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Table 4.5-4. : Comparison of Westinghouse PWR Pressurizer Relief Capacity
-

(Continued)

NSSS #RCS Esenufacturer Cepeetty Lowest s RCS Capecity Lewoot 1

Plant Nome Vender PORV*o (IbIhr/MWt) Setpoint - (pole) SV*e (KIbihr) Sotpohd (pole)

McGuwe 1 & 2 W 3 Unk. 210*- 2335 3 420 2485
,

MWistone 3 W 2 Unk. 210* 2335 3 420. 2485 |

!
North Anna 1 & 2 W 2 Masoneden 76 2335 3 137 2485 '

38-20721
Point Beach 1 & 2 W 2 Copos-Vulcan 117.9 2335 2 189.7 2485

D-100-160
Prairie Island 1 & 2 W 2 Copos-Vulcan 5 2335 2 209.1 2485

'

D-100-160
Rotanoon W 2 Copos-Vulcan 95.5 2335 3 130.9 2485 '!

D-100-160
Salem 1 & 2 W 2 . Capos-Vulcan 63 23Ls 3 125.8 2485 ;

D-100-160
'

E San Onoire 1 W 2 ACF Indusanos 80 2190 2 178.2 2500 ,

70-18-9 DRTX !

Seehrock W 2 Unk. Unk. Unk. 3 Urdt Unk.
i

Sequoyah 1 & 2 W N/A Unk. Unk. Unit Unk. Unk. Unk.

fShearon Harns 1 W 3 Unit - 210* 2335~ 3 380 2485

~

South Tomas 1 & 2 W 2 Unit 210* 2485 3 505 2485
f

Surnmer W Unit Unit Unk. Unk. Unk. Unk. Unk.

Suny 1 & 2 W 2 Copos-Vulcan 86 | 2335 3 120.5 2360 i
\ >

Trojan W 2 Copos-Vulcan 61.6 2350 3 123.1 2485 !

D-100-160 1 ;
w

.

1

?

F

!.

I
. ~ _ . . . _ . . , _ _ _ . _ . , _ _ . ~ . _ . - . . , _ , _ . . _ _ . . . _ _ . - _ . . - _ - . . . . _ _ _ _ . - . _ , _ . . . _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_
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Table 4.5-4. Conaparison of Westinghouse PWR Pressurizer Relief Capacity
(Continued)

NSSS #RCS Manufacturer Capacity Lowest e HC5 Cepeelty Lowest

Plent 90eme Vender PORV's (Ib/h r/MWt) Setpoint (psie) SV*s (KIbthr) Setpoint (poie)

Turkey Point 3 & 4 W 2 Copos-Vulaen 45.1 2335 3 132.8 2485

5-131642

Vogile 1 & 2 W 2 Unk. 210* 2235 2 420 2485

Watts Bar 1 & 2 W 2 Unit Unit Unit 3 Unk. Unk.

Wolf Creek W 2 N/A 210- 2235 3 420 2485

YardosoFbuse W 1 Dresser 118 2400 2 153 2485

31533 VX
Zion 1 & 2 W 2 Copos-Vulcan 64.6 2335 3 129.2 2485

D-100-160
?
$ * Kitvhr rating

w

..
.

.
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Table 4.5-S. Comparison of Westinghouse PWR Containsnents

NSSS A rc fi.1 P rien. Concrete InterneI Coneeinment Dootga Doeten Er.e: . _ i _
i

Plant Mesne Vender Engineer Cent. Construction Conserwetion Diesmeter Free Vetense Pressere Leek Note Smildlag?
Type Subtype (toet) ( f t 31 (pela) % we8/ der

Beewer Vasley 1 & 2 W Sene& Sutr Concrete Cyhnder w/ Reciforced 126 1.80E+06 54 0.1 fe

W * ter Atm Steel uner
Brandwood 1 & 2 W Sargers Dry Concrete Cyhnde w/ 3D -140 2.90E +06 61 0.1 fe

& Lundr Steet Urer Prestressed

Byron 1 & 2 W Sergeret Dry Concrees Cyander w/ 3-D 140 2.90E+06 61 0.1 Pe

& Lundr Stest Uner Prestressed

Canesey W Bee:not Dry Concrete Cyhneer wt 3-D 140 2.50E * 06 60 0.1 fe

Sesel Uner Prestressed

Consume 1 & 2 W Dime Ice Seses Cyander pensorces 115 1.22E+06 30 0.2 Yes

Power CentL

Comencho Pesm 1 S 2 W Gees & Dry Concrete Cyender wt Romforced 135 2.90E + 06 50 0.1 fe

Hill Seset Unor -

D.C. Cook 1 & 2 W JIEP ace Concrete Cyander wt Reesearced 115 unit 12 0.25 le

Case Seses uner

p Diebeo Canyon 1 & 2 W Per.Ges Dry Concsoes Cyender wt Romforced 140 2.63E +06 47 0.1 fe

o & Elod Sessi Uner
Farley 1 & 2 W Beetfiel Dry Concrete Cyander wi 3-D 130 2.03E+06 54 0.3 Pb*

Sesse uner Preswoosed

Genne W Geltport Dry Concrees Cytmder w/ 1-D vert. 105 9.9 7E + 05 60 0.1 le

Sesef Uner Prestressed

Haddom Nes* W Seons & Dry Concrees Cyantler w/ Romforced 136 1.71E+06 40 0.1 ft

Webster Sesel Unor
inchen Pomt 2 W LEC Dry Concrees Cyander wt Romterced 135 2.61 E +06 47 0.1 ft

Sesel Uner
inston Posnt 3 W LEC Dry Concrees Cyander wi peserisorced 135 2.61 E+0e 47 0.1 per

Steel Unor
Messenmoe W Pioneer Dry Sesse Cyander --- 108 wnst 46 0.5 Ves

j
t

Mare 1 & 2 W Dime Ice Contween Cyender w/ Romsorced 115 unk. 28 0.2 ft

,
Poseer Ceed Sesel Unor

neestorts 3 W Seons & Sids Concsees Cyander wt Romeerced 140 1.03E+07 45 0.9 Yes'

Webster Aen. Sesel Uner
Norst Anne 1 & 2 W Stone & Step Concreto Cyander wt Romsorced 126 emk. 45 0.1 Pts

Webeest Ann. Sessi uner
Poet Boetti 1 & 2 W Boectist Dry Concreto CyInder w/ 3-D t05 tmk. 60 0.4 fe

Sesel Uner Preseressed
ta

- . - - -. . - - .-- - - - - . - . - - - - - -- - __- - -
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Table 4.5-5. Comparison of Westinghouse PWR Containments (Continued)-

seems a re n.i Pts.. Cenerose seter.. Comee ont osesen ocea . En _..e
Peene Mome Vender Engineer Cent. Cemetreetten - Constree'lon Diemeter Froo Vegeene Pressere Least faseo SoNeeng?

Tyse Setettse f feet) i f t 31 - fools) % we& der
Prawee leiend 1 & 2 W Pioneer Dry Sesse Cyanser --- 105 unit 41 0.5 Ws

Rotuneen 2 W Etesco Dry Coru:reto Cyander wt 1-D vert. 130 2.10E+0G 42 0.1 Pas
Sesel Unor Preseressed

Seesm 1 & 2 W PSEaG Dry Conoces Cyanser wt Romforced 140 2.62E+06 47 0.1 pas

Sesel Uner
Sen Onedre i W Soested Dry Semol Sphere --- 140 1.44 E +06 47 0.5 Vus

Sessweest 1 W (AD Dry Conessee Cyebaser W Romsorced 140 2.70E+06 65 0.5 Vus
Sesel Unor

Seguaysh 1 4 2 W M Ice Semel Cyenser --- 106 unst 10.8 0.5 Vos
care

Sheeron Hants 1 W Fh== Dry Concross Cyanser wt Romforced 130 2.50E + 06 45 0.3 per
Sesel Unor

Soues Teens 1 & 2 W Broom Dry Concesse Cyander W 3-D 150 3.30E + 06 56 0.3 No
Sesel Uner Presereseedp Surnmer W GestMert Dry Concesse Cyaneer W 3-D 126 onet. 55 0.2 ftp

& Seest Uner Prestressed
Surry 1 & 2 W Seens & Snes Concseen Cytuuler wt Romforced 126 1.00E +06 60 0.1 Pts

Webseer Aan Sesel Unor
Trojan W Beechol Dry Concsoep Cyeneser w 3-D 124 2.00E+06 60 0.2 Per

Sesef Unor Preseessed
Turhey Posnt 3 & 4 W Soechol Dry Concreen Cyander w/ 3-D 116 1.55E+06 59 0.25 per

Steef Unor Preseressed
Voges 1&2 W Betsies Dry Conessee Cyesiasr w 3-D 140 2.70E*06 52 0.1 per

Sesef Unor Prestressed
waas Bar 1 & 2 W M les Seso8 Cyanser --- 115 unet. 15 0.5 Vus

Ceut
Wolf Croset W 8ee: hot Dry Concross Cyander wt 3-D 135 2.50E + 06 60 0.1 fan

Sessi Unor Prestressed
Yamlae Rome W Saone & Dry 8ere SessI Sphase --- 125 1.02E+06 34 3 8ep

Webster
Isor 1 & 2 W Sergent Dry Concrees Cyteder et 3-0 141 2.86E+06 47 0.n ser

& Lundy Seset Uner Prestressed

w

_ - .

__
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Tatde 4.5-6. ~ Conaparison of We' aghouse PWR Backup Electric Power Systesus ,

I shared oedieeteve Cont 6nuove e of

Nsss pieseis pieseis noting oneses setteries'

Reector Plent Vendor per Plent per Unit (kW) Manufacturer per Plent Voltese Noteo

[
Beaver VaNey 1 & 2 W femo 2 2600 Gert Moscws 5* 125 *Urvt 1

4** " Unit 2 (2 are desel betts }

Bradwood 1 & 2 W fems 2 5500 unk. 2 125

I
i Byron 1 & 2 W Neo 2 5500 unk. 2 125

CaNeway W Nes 2 6201 unk. 2 125

Catowba 1 & 2 W 1** 2 7000 unk. 7** 125 *Duseal best. "I DG and 3
2* 125V DC betts for sees shefusn

Comanme Peak 1 & 2 W Nune 2 7000 unk. 2* 125

D.C. Cook 1 & 2 W Neo 2 3500* Wor 1Nngton 4 250 *Urvt 1
3600** Worthington ** Unit 2

3
4 Deatdo Canyon 1 & 2 W 1 2 2600 Afoo 6 125

oo
Farley 1 & 2 W 3 2600 Fa6rtmenks-Morse 7 125 ,

>2 4600 Fairbanks-Morse
Ginna W None 2* 1950 Aloo 2 120 *480 VAC esset generator

Heddam Nack W Neo 2 2850 unk. 2 125

Inden Point 2 W Nano 3 1750 Aloo 4 125

Inden Point 3 W Neo 3 1750 Aino 3 125

Mousemos W None 2 2850 Gert Moeurs 2 125

McGuire 1 & 2 W Nors 2 4000 unk. 4 125

Mestons 3 W Nemo 2 4986 Fairbenks-Morse 4 125

|

North Anna 1 & 2 W Nme 2 2750 Fairbanks-Morse 8 125
w

Posnt Beach 1 & 2 W 2 2850 Gert Motors 2 125

,

. *

, aw ,- -- Ly-g.*vw- , - . ~t--s- - m---+--ww*ew *w i v,r"-- -+ o-w---- - -+a--- , g7c__-m+w- -* rf m. we,---m~m -A--2-= .-_= h-.-2u---__- - - - - - - - ------- - --
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Table 4.5-6. Comparison of WestingWrre PWR Backup Electric Power Syssenes
>

(Continued)

~

Shored Dedicated Continuous # of
NSSS Diesels Diesels Rating Dieset Setteries

Reector Plent Vendor per Plent per Unit (k W) Menefecturer ser Plent Voltese Notes
Prairie Island 1 & 2 W 2 2850 Gen. Moeces 4 125

(model 999-20)
Robmoon 2 W Nemo 2 2450 Fairtsanks-Morse 2 125 * De*=amne husdown dossis

1* 2500 Fairbanks-Morse generator

Salem 1 & 2 W 3 2600 Akn 6 125
1* 40000* 2 250 * Gas turtune

San Onotre 1 W Ntme 2 unk. ur:k. 2 125

Seabrook 1 W None 2* 6083 Faittgenks-Morse 4 125

Sequoyah 1 & 2 W Nare 2 3600 Gruce GM unk. unk.

Sheeron Harris 1 W Nore 2 6500 unk. 2 125
A

h South Texas 1 & 2 W Nine 3 5935 Cooper Energy unk. unk.

Servems
Summer W Nano 2 4250 Fa*ftpenkt Aforse unk. smk.

Surry 1 & 2 W 1 1 2850 Gert Motors 4 125

Trojan W None 2' 4418 Gert. Motors 2 125
, 1 250
1 Turkey Point 3 & 4 W 2 2500 S&oc,vnehar GM 4 125

Vogtle 1 & 2 W Nare 2 7000 unk. 4 125

Watts Bar 1 & 2 W Nere 2 4TSO Ferrtpenks-Morse unk. A

| Wolf Creek W None 2 6201 unk. 4 125
! ,

Yanhos Roes W Nons 3* 400 Gen. Motors 3 125 ~480 VAC escal generator

Zion 1 & 2 W 1 2 4000 Cooper-Bessemer 5 125
w

1
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Table 4.5-7. Coseperisea~ of Westinghouse PWR Power Conversion Syseesus

f
I

!
i

geest Aret.4eets Testems east feneene Sypeen C_ _ fessumme e Solo FW Fw Ammup steesel semed Cepeeeey
piant Icemme veneer E_ Constrasetor Cas. t351 Casebastaw t%L Casame Tume tener See pusene treme Tune (me tal tammt

8eewer veesy 1 & 2 w Senne t Dupmew 333 e5 Cammelsey aunt. Comens Tamar 2 E enk. vnet

- Limre Co.
artossed t & 2 w Suseere & C...-__- 1120 40 Orme Dwaive 8sme=ese taeum 2 (50%p tore.no enn. vnit

tundr Etamer* 1 (50%) AC wntt unit
seynsn s & 2 W Sassees & C_ _ - 1120 40 Camed Lamp samt Caserg Tauses - 2 (50%) turtone unst unet

Lundr Osman 1 f50%) AC unet. v.4t.

Censmey w Beernee Dermos 1920 40 Cammentsey w Coomg ioner 2 teF%) tore no onet una.

<,emamen i & 2 w out. Pomor aune es.or i12e 100 Ca-setea, essert Coenne Te=me 2 (50%p AC wnk. i s.400

Conwer Pomi&2 w ones & >.a are==& nem site want Onser w sess- Csumm memose 2 (50%; . twet.no oss t o.e00

0 C. Ceek 1 & 2 w MP AEP toe 0 e5 Ores fleeupe take astegum 2 (10%) tweesne t,t se 1S.Fbo

?me Caryort 1 & 2 w Puede Gas & Pacfc Gee & 1OsF 43 Open W Paese Otomm 2 tortsene oriet unet
Electric Electrac
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95250 RPef
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se53 sua
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a
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wohonor webutor i
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meet see
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Shamma Pouer
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Table 4.5-7. Comparison of Westinghouw PWR Power Conversion Systenes
(Continsed)

ISSSS Aree ttects | Testems Gen. Tertene Sypees Commausseer h a mese m m pummy Sameest seeme Ceseeney
Pteet stamme Weeder Emateeer Cemetructor Cao. (Wquet CemeMate f%) Ceemuus Tune Muse She Pusene grese Time toe 6a1 tamm1
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e te assi

Seis, Tomes t a 2 w Secrees Lemece 1260 ann. Cammelsep 1980 Acre Geotes Perut one. una. unet ensi,

suawner w Danes Genert ses onet one. Thee. Jo sesker onet . net onet . net
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5. COMBUSTION ENGINEERING (C E) PRESSURIZED WATER
REACTORS (PWRS)

In the U.S., Combustion Engineering has noduced 15 PWRs with two or three,

primary loops. As of March 1990, the numbers of un :ts of each type are as follows:

2 loop (pre-System 80) 11 units-

2 loop System 80 3 units-

3 loop 1 unit-

A general orientation to PWR systems is presented in Section 3. Expanding on this
introductory material, an overview and brief com
Engineering PWRs is presented in Section 5.1. parison of major features of CombustionThe Combusuon Engineering plants are
described in Sectiont 5.2 to 5.4, and numerous detailed comparative tables are presented in
Section 5.5. In Section 7, the comparative tables for the Combustion Engineenns PWRs
are compiled with similar tables for Westinghouse and Babcock & Wilcox PWRs.

5.1 Carahaadlan 8Fa=la**el== PWR Overview

5.1.1 Primary System
All C-E PWRs except Maine Yankee have 2 loop reactor coolant systems. In

the C-E 2-loop RCS, each primary loop is comprised of one hot leg that enters the bottom
of a U tube steam generator, and two cold legs that retum flow to the reactor vessel. One
reactor coolant pump is in each cold leg, for a total of four reactor coolant pumps. The-
pressurizer is connected to one of the hot legs.

In the C E 3 loop RCS, each primary loop is comprised of one hot leg that
- enters the bottom of a U tube steam generator, and one cold leg that retum flow to the
reactor vessel. One reactor coolant pun.p is in each cold leg, for a total of three reactor
coolant pumps. The pressurizer is connected to one of the hot legs. This arrangement is
similar to that of a Westinghouse 3 loop plant.y

*lhe C E RCS is desi
(Teoid ). Hot leg temperature (gned to owrate with a nearly constant cold leg temperature

Thot) anc average loop temperature (Tave) increase with
power level as shown in Figure 5.1-1. This is the same RCS temperature control scheme
used in Westinghouse PWRs.

The C-E steam generator is a vertical U tube design incorporating integral
moisture separators and steam dryers. Basic design characteristics of Combustion
Engineering steam generators are listed in Table 5.1-1.

5.1.2 Reactor Core and Fuel Aanemblien
With the exception of Palisades, all C E commercial PWRs are designed to

operate with rod type slightly-enriched fuel in a 14 x 14 fuel assembly array or a 16 x 16
array, with multi rmger control rods that insert into channels in the fuel assemblics.
Palisades uses a unique 15 x 15 fuel assembly array of rod type fuel and cruciform control
rods. C E fuel assemblies are made entirely of zircaloy. A comparison of basic C-E PWR
core parameters is presented in Section 5.5. A brief description of each fuel assembly
design is provided below.

A. 15 x 15 Fuel Assembly
The external dimensions of the Palisades 15 x 15 fuel assembly are 8.1135 x
8.1135 inches, with an active fuel length of 136.7 inches. The geometry of the
15 x 15 fuel assembly and the general arrangement of the Palisades core are
shown in Figure 5.12.

|
t

51
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M



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __-___ _ -

Table 5.1-1. General Characteristics of C-E Stemni Generators

4

Design Parameters ANO 2 Calvert Fort Maine Millstone Palo Verde
Cliffs Calhoun 1 Yankee 2 Verde :

1&2 1, 2 & 3 -

Tube Side (primary)

Design Pressure (psig) 2,485 2,485 2,485 2,485 2,485 2,485

Nom. Operating Press. (psig) 2,235 2,235 2,085 2,235 2,235 2,235

Design Temp. (*F) 650 650 650 650 650 650

Design Flow Rate (lWhr) 6.20E+07 ' 6.10E+07 3.59E+07 4.07E+07 6.10E+07 8.20E+07

To al Primary Side Vol. (ft3) 1,588 1,646 850 1,032 1,527 unk.,

k
Shell Side (secondary)

Desi n Pressure (psig) 1,085 985 985 985 1,000 1,2707

Full Power Press:::e (psig) 900 850 770 815 800 1,070

Design Temp. ('F) 560 550 550 550 550 575

Full PowerTemp. ( F) 532 525 514 520 520 553

Steam Flow Rate (IWhr) unk. 6.00E+06 unk. unk. unk. unk.
@ Full Power

Total Secondary Side Vol. (ft3) 7,957 8,006 4,411 5,139 8,006 unk.
w
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B. 14 x I4 Fuel Assembly
There are 1% lattice positions in the 14 x 14 array. 'Ihe external dimensions of
the 14 x 14 fuel assembly are 7.98 x 7.98 inches, with an active fuellength of
128 or 136.7 inches. Only Fort Calhoun 1 uses fuel assembliet with the
shorier active fuellength.

C. 16 x 16 Fuel Assembly
The 16 x 16 fuel assembly is designed to the same physical dimensions as the
14 x 14 fuel assembly: 7.98 x 7.98 inches, however, the active fuellength has
been increased to 150 inches. The 16 x 16 fuel assembly is designed to be
"reconstitutable", allowing disassembly, removal and replacement of fuel rods,
and reassembly. There are 226 lattice positions in the 16 x 16 array. Twenty of
the lattice positions are taken by five control element assembly (CEA) guide
tubes that each occupy the space of four fuel rods (i.e. a 2 x 2 array). The
center guide tube can be used for in core instrumentation. The 16 x 16 fuel
assemb
design.

y has a significantly lower linear power density than in the prior 14 x 14

Linear Power Density M r 16 14 x 14

Average (kW/ft) 5.2 7.1
-

Maximum (kW/ft) 12.5 18.0
-

The geometry of the 16 x 16 fuel assembly is shown in Figures 5.1 3 and
5.1-4.

5.1.3 Reactivity Control System
In all C E plants except Palisades, core reactivity is controlled by full length

control element assemblies (CEAs), part length control element assemblies (PLCEAs),
burnable poison rods, and soluble boron in the coolan*. The neutron absorber in the CEAs
typically is B4C (boron carbide), the PLCEAs typically use Ag In Cd (sider indium-
cadmium), while the buma51e poison rods use B4L (boron carbide).

As shown in Figure 5.15, a CEA for a pre System 80 plant consists of
multiple control rod fingers joined at the to
control element drive mechanism (CEDM) p by a " spider" assembly and attached to theextension shaft. The System 80 plants (Palo
Verde) have three different types of CEAs with 4,8, and 12 control rod fingers. ,

The control element drive mechanisms (CEDMs) for C E PWRs are magnetic
jack type drives that are capable of inserting, withdrawing, holding, or tripping the CEAs
and PLCEAs from any point within the 150 inch stroke of the drives. The magnede jack
CEDM shown Figure 5.16 consists of upper and lower pressure housings, the coil stack

assembly, tack coil" consisting of five DC magnet coils positioned around the CEDMreed switch assembly, and extension shaft assembly. Drive power is providedby the 's
housing. The lifting (rod withdrawal) operation consists of a series of magnetically
operated step movements. Within the CEDM pressure housing, two sets of mechanical
latches engage a notched extension shaft connected to the CEAs and PLCEAs. The
magnetic force to hold and drive a rod is obtained from two DC magnet coils mounted on
the outside of the CEDM motor tube. CEDM " hold"is achieved by energizing one magnet
coil at reduced current while the other coils are de energized. A controller-programmer is
used to coordinate the operation of the magnet coils to achieve the stepping sequence
needed to insert or withdraw the rods. The magnetic jack CEDMs are air-cooled
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5.1.4 Containment i<

All C-E PWRs have large, dry containments that have varied construction styles
.

as shown in Figure 5,17. Descriptions of containments for C E PWRs are included in the
follewing sections.

,

i
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$,2 2 Laan' (Pre Evatein 80) Conikueelan Fneln ertne PWRs
Combustion Engineering 2 loop (pre-system 80) plants in the United States

include the following:

Arkansas Nuclear One 2-

Calven Cliffs 1 and 2-

Fon Calhoun 1-

Millstone 2-

Palisades-

San Onofre 2 and 3-

St. Lucie 1 and 2-

Waterford 3-

All of these plants had full power operating licenses as of 2/89 exce pt Palisades which had
a provisional operating license. The general arrangement of a Combustion Engineering 2-
loop PW'!. is shown in Figures 5.2-1 to 5.2 3,

5.2.1 Reactor Core and Fuel Assemblies
The 2 loop C-E plants can be grouped into the following categories based on

core thermal output and average power density:

1420 MWt Fon Calhoun 1-

2530 MWt Palisades-

2560 to 2815 MWt Calvert Cliffs 1 and 2, Millstone 2,-

St. Lucie 1 and 2
2815 MWt ANO-2-

3390 MWt San Onofre 2 and 3 and Waterford 3-

, Plants in the first three groups operate at a relatively lower power density than plants in the
latter two groups. Fort Calhoun 1 and Palisades both o prate at an average power density
of 80 kW/ liter. De Fort Calhoun I core is comprised ot 13314 x 14 fuel assemblies while
Palisades has a unicue C E core design that uses 20415 x 15 fuel assemblics and
cruciform control rocls. The Calven Cliffs I and 2, Millstone 2, and St. Lucie 1 and 2
cores all consist of 217 fuel assemblies (either 14 x 14 or 16 x 16 fuel assemblies) and
operate at power densities in the range from 78 to 83 kW/ liter.

ANO 2 is a unique core design that operates at a relatively high power density
of 96.6 kW/ liter with 17716 x 16 fuel assemblics. In the high power group, San Onofre 2
and 3 and Waterford 3 revert to the 217 assembly core with 16 x 16 fuel assemblies that .

' operate at a power density of about 95 kW/ liter. The arrangement of the 217 fuel assembly
core is shown in Figure 5.1-3.

5.2.2 Reactivity Control System
All pre System 80 2 loop plants, except Palisades, have CEAs and PLCEAs

that consist of five neutron absorber rods assembled in a square array with one rod in the
center, ne rods are connected to a " spider" structure which is connected to the CEDM
extension shaft. The number of CEAs and PLCEAs for selected C E plants are
summarized below:

5 12 3/90
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i

Fuel Full Length Part. Length |
Plant Elements CEAa CEAa {

i

Calvert Cliffs 1 and 2 217 77 8 !
St. Lucie 1 and 2 217 73 8 i
ANO 2 . 177 73 8

'

San Onofre 2 and 3 217 83 8 j

A more complete listing is,provided in Section 5.5. Some of these plants use B.tC neutron !
absorber material (St. Lucie and Calvert Cliffs) while others use Ag In-Cd (silver indium- )
cadmium). |

Palisades has 41 full length and 4 part length cruciform contml rods that have !
Ag-In Cd neutron absorber material !

1
'5.2.3 Reactor Coolant System

Each RCS loop has one steam generator and two reactor coolant pumps. As ,

illu'strated in Figure 5.21, a single RCS lot leg supplies each steam generator which
divides the return flow into two RCS cold legs. Each cold leg is served by a single reactor

,

coolant pump. All 2 loop pre-System 80 plants have a reactor vessel with a 172 inch inside <

'

diameter except Fort Caboun I which has a 140 inch inside diameter reactor vessel.
The general arrangement of the Palisades reactor vessel and internals is shown

in Figure 5.2-4, and the arrangement of later 2 loop plants (San Onofre 2 and 3) is shown ]
in Figurc 5.2-5. The C-E steam generator is a vertical U tube design incorporating integral >

moisture separators and steam dryers as shown in Figure 5.2 6. In the pre System 80 !

plants, the feedwater nozzlc enters the steam generator above the level of the tube bundle.
- The configuration of the pressurizer is shown in Figure 5.2 7. ;

5.2.4 Shutdown Cooling Systems i

Shutdown cooling is provided by a multi mode system that also performs the ,

low pressure safety injection (LPSI) function as part of the ECCS. The shutc.own cooling !
heat exchangers may also be shared by the containment spray system (i.e. Millstone 2).

'

5.2.5 Emergency Core Cooling Systems
The C E ECCS fu the 2 loop pre System 80 plants consists of high pressure 7

and low pressure safety 'ajection pump subsystems and four safety injection tanks i

(accumulators). All of these ECCS subsystems inject into the four RCS cold legs. Dere
~

is no provision for injecting into the hot legs as in Westinghouse PWRs (i.e., c uring the !

latter phase of ECCS operation in the recirculation mode).
The shutoff head of the IIPSI pumps is less than RCS normal operating ,

pressure, therefore, the RCS must depressunze before these pumps can 3rovide any
makeup. At full RCS pressure, makeup capacity is limited to that pmviced by three
aositive displacement charging pumps that are not part of the ECCS De HPSI pumps can i

se aligned to take a suction on the containment sump.

5.2.6 Containment ,

|' All 2-loop pre-System 80 C E PWRs have large, dry cylindrical containments, i

The types of construction used in these containments is summanzed below.

I
.

'!

5-13 390

|

- - _ _ - . . - . - . . - - - - . , - - . _ , - - .



'li

!
Cantainment Canatraction Applicable Plants |

Steel cylinder with concrete enclosure St. Lucie 1 and 2 I
building Waterford3 |

Diagonal post tensioned conente cylinder Fort Calhoun I
with a steel steelliner

Three4imension post tensioned ANO-2 i
concrete cylinder with a steelliner Calvert Cliffs 1 and 2 1

Palisades J

San Onofre 2 and 3 j
1hreedimension post tensioned Millstone 2 1

concrete cylinder with a steelliner
.and a secondary containment

;

|
The St. Lucie steel containment and enclosure building are shown in Figures i

5.2 8 and 5.2 9. The San Onofre 2 and 3 three dimension post tensioned concrete i

containment is shown in Figures 5.210 and 5.212. !
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J 5.3 2 Lann Svdem 80 Comhuatlan Eneineerino PWRn
L

.
. Palo Verde 1,2, and 3 are the only System 80 CG PWRs built in the United -,

States. The general arrangement of the System 80 2-loop PWR is shown in Figures 5.31 t

: and 5.3 2..
|c
,

5.3.1 . Reactor' Core and Fuel Assemblies '-

The Palo Verde core is rated at 3800 MWt and operates at a power density of
'

95.6 kW/ liter. The core is comprised of 241 16 x 16 fuel assemblics, with an active core -
length of 150 inches. The general arrangement of this core is shown in Figure 5.3-3.LThe -

.

:

core support structure has been modified to allow the core to sit lower in the reactor vessel :
than in prior C-E plants. ;

Palo Verde is designed for " rodless" refueling in which all CEAs are removed
after the boron concentration in the primary coolant has been increased to about 2150 ppm.
All CEAs are removed with the upper guide structure, without unlatching the CEA
extension shafts from the drive mechanisms. ;

Palo Verde also has bottom-mounted fixed and movable in-core instrumentation :

systems combined with a core monitoring computer system to provide on line :
i determination of core performance. '

,,

<

5.3.2 Reactivity Control System
,7

Reactivity control is provided by new control element assemblies (CEAs) with a

4,8, or 12 control rods which are connected by a " spider" structure to the CEDM extension
shaft. The 8 and 12 element CEAs are shown in Figure 5.3 4. The 4-rod CEAs are used ;

foi power shaping. ~

. ' -

A revised upper guide structure with a barrel calandria design isolates all control -
rods from the primary coolant cross flow in the upper planum of the reactor vessel. The '

control rods move through the tubes of the calandria.

.5.3.3 Reactor Coolant System
The Palo Verde System 80 RCS is comparable to the RCS of other 2-loop C-E -!

PWRs with the following changes:

Larger reactor vessel (diameter and length) . '-

. Extended u?per guide structure barrel-calandria.

Provisions for bottom enty in core instrumentation
,

)-

Larger steam generators with economizer-

,

1

The general arrangement of the reactor vessel and internals is shown in Figure
5.3 5. As shown in Figure 5.3-6, feedwater enters both the downcomer and the
economizer of the System 80 steam generator. The steam generators in earlier C-E plants
do not have an economizer. The System 80 pressurizer is saown in Figure 5.3 7.

^

5.3.4 Shutdown Cooling Systems
_

Shutdown cooling is provided by a multi mode system that also performs the :|
low-pressure safety injection (LPSI) function as part of the ECCS. The shutc own coolingc

i' heat exchangers can also be shared by the containment spray system. H

5.3.5 Emergency Core Cooling Systems I
The Palo Verde ECCS is comparable to the ECCS in the 2-loop pre-System 80

'

, .

plants. The shutoff her.d of the HPSI pumps is less than RCS normal operating pressure,
therefore, the RCS must depressurize before these pumps can provide any makeup. At full

- RCS pressure, makeup capacity is limited to that provided by three positive displacement
,

|
chargmg pumps that are not part of the ECCS. The HPSI pumps can be aligned to take a j
suction on the containment semp. '
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h'.. - . .. _



.

p
f

.*

-5.3.6 Containement . .
. _ .

.

. _ The Palo Verde 1; 2, and 3 plants have a large, dry cylindrical containment
constructed of three-dimension post-tensioned concrete with a steel liner. : 'Ihe general . ..

arrangement of the Palo Verde containment is shown in Figure 5.3 8. 4
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? -5.4 3-Loon Comhndian FnoineerInr PWR
.

:s
L Maine Yankee is the only 3J oop C-EMR built in the United States..

r

'

( . .. .

Reactor Core and< Fuel Assemblies '5.4;1/
.

'

The Maine Yankee core is rated at 2440 MWt , with an approved " stretch" >rating of 2630 MWt. The core is comprised of 21714 x 14 fuel assemblics, with an active
core length of 136.7 inches. Core average power density is 74.6 kW/ liter.

,

'(
I5.4.2 Reactivity Control System

. .

The Maine Yankee reactivity control system is comparable to the system in
. Combustion Engineering pre-System.80 2 loop plants. "

5.4.3 Reactor Coolant System
In the Maine Yankee RCS, each primary loop is comprised of one hot leg that .:

enters the bottom of a U-tube steam generator, and one cold leg that return flow to the
reactor vessel. One reactor coolant pump is in each cold leg, for a total of three reactor
coolant pumps. The pressurizer is connected to one of the hot legs. This arrangement is
generally similar to that of a Westinghouse 3 loop plant. -

The Maine Yankee reactor vessel is s.10wn in Figure 5.4-1, the U tube steam
generator in Figure 5.4-2, and the pressurizer in Figure 5.4 3,

5.4.4 Shutdown. Cooling Systems
. :

Shutdown cooling is provided by a multi mode system that also performs the
low-pressure safety injection (LPSI) function as part of the ECCS. The shutdown cooling
heat exchangers can also be shared by the containment spray systeme

,

5.4.5 Emer gency Core Cooling Systems.
' The ly aine Yankee ECCS consists of high pressum and low-pressure safety

injection pump subsystems and three safety injection tanks (accumulators).- All of these
ECCS subsystems inject into the three RCS cold legs. There is no provi:; ion for injecting - i

into the hot legs as in Westinghouse PWRs (i.e., during the latter phase of ECCS operation
in the recirculation mode) .

_

.

The Main Yankee ECCS is significantly different than all other C-E plants in
that the HPSI pumps also serve as charging pum as and are capable of providing makeup to
the RCS at the.PORV setpoint pressure. TheflPSI pumps at Maine Yankee cannot be
aligned to take a suction on the containment sump. A recirculation flow path can be 1

established with the LPSI and HPSI pumps operating in tandem as in. Westinghouse .a
PWRs. |In this alignment, the LPSI pumps take a suction on the containment sump and
deliver water to the suction of the HPSI pumps which complete the injection path into the

: RCS.

5.4.5 Containment
The Maine Yankee plant has a large, dry cylindrical containment constructed of

' reinforced concrete with a steel liner. The general arrangement of the Maine Yankee>
'

containment is shown in Figures 5.4-4 to 5.4-6.

,

h
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~5.5- C-h==*lan En=l-mins' PWR Comnamentive Data
Ihis secnon contains the foi owing tables which present comparative system'

data for Combustion Engineering PWRs:
,

- Table 5.51 Design Parameters for Representative Combustion Engineering
PWRs'

Table 5.5 2 Comparison of Combustion Engineering PWR Vessel and-
-

..
- -

Table 5.5-3 Combustion Engineering PWR System Comparison - RCS,-

AFW, Charging and HPSI

Table 5.5-4 Comparison of Combustion Engineering PWR Pressurizer Relief-

Capacity

Table 5.5-5_ Comparison of Combustion Engineering PWR Containments-

Table 5.5-6 Comparison of Combustion engineering PWR Backup Electric --

Power Systems -

Table 5.5-7 Comparison of Combustion Engineering PWR Power-

Conversion Systems ;
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Table: 5.5-1. Design Parameters' for Representative Cornbustion Engineering .PWRs
_.

- . .
.

REACTOR FLANT - C-E C.E C-E

CHARACTERISTICS - 2. LOOP FLANT 2. LOOP SYSTEM 88 PLANT 3. LOOP P1, ANT

SAN ONOFRE 2 AND 3 PALO VERDE 1, 2. AND 3 MAINE YANKEE ._..

Greren .__ ~
2 wishoneisossenen 2whenois % 3 eshoutisoammese

~
!.

.

Neuber ofloops

Thenmet rayarey 3930MWe ' 3800 M Ws 3530 M Wt..
~ ~

Bocaric cayeasy I z 1070 MWe /1 m 1080 MWe 1221 MWe . 810 MWe ,

Efficasacy(nes) 27355 32.13 % 30.80 %

Coolms pressee in pnmary circuit ~

2235 psig
se emit fresa renaar 2w ps.g 2235 pig

Coodsma semaperusare a indea 553 7 ' 5643 7 538.9"F

Coolans gesaperanse an exit frasa reactor 611.2 7 621.2*F 592.87 '

Caaa== flow rase shrough reacsors (neani) 148E6Ildr 164 E6Itdr 122 E6Indr

tJn Corey
Height of masve cose 123 ft. 123 fL i139 fL

o
Espiivalera dameser 1I33 ft. !!.97 ft. 1833 ft.

Number of fuel assanblies 217 241 217

Nanber of cousrolrods assaselses 83/8 76 85

Nienber of fuel einneses ' assenbiy 236 236 166
m

Dumneair d fbeleinnent 0325 in. ~J382 in. 0.3795 mi.'

Area of heat trumfer muface - 62,000 sqA 68.t:00 sqA , 47A00 sq fL

Mean specific hem flux 182,400 BesAr.sqA 182,400 Bem4r-sq.ft. - 182.400BeeWhr.sgit.

Number of fuelrods 49.580 58,876 36.352

Core loading 3bandiunised camersi anne 3 bandianised emard anne 3 bachminedamaralmane

Average bannap(fina cycle) 11731 M W 4 M Te UmL - 13,795 MW4M1b -

Finet weigla(as U. .) 233,900 ms. 257.100 lbs. . 203.934 lbe.'

tos

.

' - .
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Table 5.5-1. Design Parameters for Representative Combustion Engineering PWRs
(Continued)

KEACTOR FLANT C-E C-E C-E

CHARACTERISTICS 2-LOOP PLANT 2-LOOP SYSTEM 8e PLANT 3-LOOP ptANT

SAN ONOFRE 2 AND 3 PALO VERDE 1, 2. AND 3 MAINE YANKEE

Reneser Vessel
Vessd height 4334 ft 48 ft 42.11 fl

Inwr eenener 1433 ft 15.19 ft. 1433 ft

%snber of Openmes for intes and cas.es
nozzles 2x2 2a2 2s3

5seems Generener
Nimreer of muss 2 2 3

'Diermal poew per unit 1965 M Wt 1900 MW 813 3 MW

Shdl side operating pressee (seesse) 985 peg 1055 psig 885 peg

Tube sale opersung pressure 2235 psig 2235 psig 2235 psig

Tube side design flow 74 E6 lbAr 82 E6 lbAr 40.67 E6 ItWhr

Firing
Hca leg inner da. 42 ist 42 in. 33.5 et

Coed leg inner da. 30 irt 30 m. 33.5 in.

Between pump and sneum gamerssor 30 in. 30 ut 333 mL

5afety Valves
First opusung preemse 2485 psig 2485 psig 2485 peig

Capeary thik. eash of 2 Unit each of 4 228,100ItWhreachof 3

57 ItWhr/MWs each PORY of 2

Frimmary Ceedses Faumpe
%seber 4 4 3

Ptunp capacay 111,400 spen 108,000 gym 88,000 gym

Coolaw tanperamme 553 , 564.5 , 538.9 ,

Pressive rise 310 ftJaeed 363' nead 290fLimed.

W Design pressure 2500 psia 2500 psia 2485 psig

oe.g. - e50 , 650 , om

Menor rasing (namepisse) 9,700 hp. 12,000 hp. 9 900 hp.

.
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Table'5.5-2. Coenparison of Consbastiosi Engineering PWR Vessel and Core Parasmeters
~

~

~seussener etPWR PWR Roscler Plent Core Reactor Core Core Cese Averego senwnter Fesee

Vender Type Mome Pourer Vessel , Eigesieetont Aettee Peeer Donetty of Faset Elessment Consret poes

( M Wil f.D. (In}f Diem. (in) Height (191 (Ir w tst te r) Esensente e x .- .. .. , IFonipert teamsh]
6.

C-E - 2-loop - Fort Cateun 1 1420 140 106.45 128 80.40 133 14m 14 45 F/4 P

C-E 2-loop - P% 2530 172 136.7.. 132 79.80 ' 204 15m15 41 F/4 P

C-E 24oop Cahert CWis 1 & 2 2700 172 136 136.7 7s.5 to 82 8 217 14 a14 77 Ft 8 P

C-E 2-loop Mdisti 4 2 2560 172 136 136.7 78.50 217 14i14 73 F4 P

C-E 2-loop 5t t. toe 1 2560- 172 136 136.7 83.20 217 14 s14 L F4 P

C-E 2-Icop St incie 2 2560 172 136 150 83.20 217 16m16 73 F4 P .

C-E 2-loop A VJ-2 2815' 171 123 150 96 60 177 16m16 73 F4 P

t>* C-E 2-loop San Onotre 2 & 3 3390 172 136 150 94.90 217 16m16 83F4P
L
*

C ,E 24 cop Waterford 3 3390' 172 136 150 94.90 217 16m16 83F4P

C-E 2-loop Sys 80 Pab Verde 1,2 & 3 3800 182 143.6 150 95.60 241 16m16 76 F/13 P

C-E 34o0; More Yardise 2630 174 136 136.7 74.60 217 14m14 7t F/3 P

.

W
D
C

. . . .

. . . . . . . . . . . . . _ . _ . _ _ , , - . , . . _ . . . _ . . , _ . , , ._. . _. i ,
. _ . . . _ . _ , . , _ _ . . _ _ . _ __ . _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.
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Table 5.5-3. Combustion Engineering PWR System Comparison - RCS, AFW,'Clearging and HPSI

h C_ - dysema Aeneery 7-~ - - Syeeme C _ g-; Sysemer WT egneteen Syeesen

geges Cove e ftCS e flCS SIG e Afer Type Cray e Type . Crey Crmy e Type Cepes#y Cepece,

P meo Pues amm e sein asur S me usene

Pleert teemme Vender MWf Lasse POstvrSV Model 7_ _ Defee amme e sota r_- _ _ ?.__ seur 9 ante emme S P0frv ti

A62 CE 2stS 2 0:2 UT 1 M $75 9 121e 3 PD ** ee 3 Care 3eo @ 12te o
,

1 - T $?S e 121e

CasweetCmMss a 2 C-E 2700 2 2t2 UT 2 1 100 @ 1100 3 PD se ee 3 (se 3e5 @ 1084 0

Fort Cathmun GE 1e20 2 282 UT 1 M 200 9 1040 3 PD 40 40 3 (me 150 @ 1214 0

t T 290 m 1040

asureYeese C-E 2e 30 3 ass UT 2 M SOO @ 1H30 3 Coe 390 9 2950 150 Se=o as m anage (ti

f T SOO 919C0 1 PD 10 10

^~

2 C-E 2S60 2 2#2 UT 2 M 300 @ TOSS 3 PD 4e es 3 (me 3tS @ BOSe n 0

t Y 900 9 1990

% C-E 2530 2 213 .UY 1 M etS 9 tres 3 PD 40 40 3 Cee 300 9 10se o gc

* T ers O 1883

Pueswargo1,2 & 3 C-E 3000 2 Ofe UT 1 M 750 @ 1422 3 PD se %A 2 Coe ete @ 1733 e

1 7 750 e 1422

San Opushe 2 4 3 C-E 3390 2 012 UT 2 M eSD S 1232 3 PD 4e es 3 Care elS S 1227 0

t T 000 9 1232

sSr. Luce 1 & 2 GE 2960 2 2r3 UT 2 M 250 @ 1200 3 PD ee ee 3 Care 3e6 9 tope O

t Y SoO e 1200 9

eraserNm3 3 GE 3390 2 082 UT 2 M PhD @ 2813 3 PD es @ 2324 ee 3 Case [180 @ 1227
I

tje 9 T W S NN
h
C

tch
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Tatde 5.5-3. Comelmstion Engineering PWR Syssesu Consperison - RCS, AFW,- CIsarging'and HPSI
(Continued)

General Note:

All pump capacities are stated on a per-pump basis. AFW pu.np capacity is stated in terms of rated capacity. Charging and
high pressure injecnon pump c.p. city is stated ir ums of rated capacay and approximase % ty when RCS r& is ati
the PORV setpoint (i.e. for " feed and bleed * oper:Jon).

Codes used in this taide include:

Type dnve: M = electric moeor
T= saeam turbine

Type pump: PD=positivedisi acementd
Cent = centrifugal

RCS PORV/SV: number of RCS power-operated vahes (first
number) and safety valves (second number).

? Srimodel: UT = U-tube
$ OT = once-through

Notes:

(f) Maine Yankee has a variabic capacity auxiliary charging pump (10 so 30 gpm) in addnion to three main charginM-
pumps.

.
.

(g) At Palisades, two charging pumps are fixed capacity and one is vwiable % ty. "Ihe turbinediven pump ati
Pali * is not safety related. .

*A

6
-

-

w
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Table 5.5-4. Comparison of Comtmstion Engineering PWR Pressuriner Relief Capacity

|

NSSS #RCS Ma nuf acturer Cepecity Lowest s HC5 Capecity Lowest
Plant Nome Vender PORV*e (lbthr/MWt) Setpoint (psle) SV's (Klbihr) Setpeint (pein)

ANO-2 CE 1 Nono --- --- 2 280.6 2500

Calvert Cliffs 1 & 2 C-E 2 Dresser 56.7 2385 2 222.2 2485

315 33VX
Fort Calhoun C-E 2 Dresser 69.7 2392 2 281.7 2485

315 33VS
Maine Yankee C-E 2 Dresser 57 2385 3 228.1 2485

315 33VS-30
Mdistone 2 C-E 2 Dresser 59.8 2380 2 231.3 2485

315 33VS-30
Palisades C-E 2 Dresser 60.5 2385 3 272.7 2485

315 33VX
--- --- 4 Unk. 2485Palo Verde 1,2 &3 C-E o Nonow

0
2 Unk. 2485~

San Onofre 2 & 3 C-E O Nore --- ---

St. Lucie 1 & 2 C-E 2 Dresser 59.8 2385 3 234.4 2485
315 33VS-30

Waterford 3 C-E O None --- --- 2 420 2485

* MitWhr rating

,

t

.

_ _ _ _ , _ , _ _ _ , . _
, _ . , . _ _ _ _ , , _ . . _ _ _ _ _ _ , , _ _ _ , , _ _ . _ , _ _ _ _ . ______
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| Tatde. 5.5-6. Comparison.of Combustion Engineering PWR' Backup Electric Power Systenes
|

Shared Dedicated Continuous # of
NSSS Diesels Diesels Reting Diesel Setteries

Reector Plant Vendor per Plant per UnN (kW) Manufacturer per Plant Voltage Notes
ANO-2 C-E None 2 2850 Fairbanks-Morse 3 125

| Caprert Cliffs 1 & 2 C-E 3* 2500 Fairbanks-Morse 4 125- % desel is suming
i ' behusen units
| Malne Yanhos C-E None 1 250~ unk. 4 125

2 2500 Gen. Motors
tefistone 2 C-E Ptne 2 2750 Fairbanks-Morse 2 125

; Pahades C-E Ptne 2 2500 Aioo . 2 125

Palo Verde 1. 2 & 3 C-E Pene 2 5500 unk. 4 125
,

San Onofre 2 & 3 C-E None 2 6000 DeLavale 4 125

i "w St. Lude 1 & 2 C-E None 2 3500 Gen. Motors 2 125

Waterford 3 C-E None 2 4400 unk. 3 125

P

5

i

w

i

4
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| Table 5.5-7. Coneparison of Combastion Engineering PWR Power Conversion Systemas
- - -

,

t

|

81MS Areteteett Testene ema. Tapstpone typese C_ sposames e make TW 3 *W Pemmy 'theseft % CapseMy |
| Pomme samme vender Emeleser C_ __ Can. tWest Caseheuer t% Comemm Tume Stone See Pumme Sr.5 Teos feele2 tammt j

j Afeo.2 C-E Soones Becmee 958 32 Choms tem, samt. Comme lemur 2 term t.170 14.50@

| Caspers Casna 1 & 2 C-E 8ecnese Bactnee $25 40 Omo 11eeigh Chamepman Smy 2 (50%) ter1>ne' 1.174 *S.000
t -

! Fort Calhows 1 C-E Gate & HS Gseem 8 948 4F3 anst Orne W teemowe Aswer 3 AC 1.02 F 8.000
m m men,

tan == varese C-E Sesne s Stor= 4 810 50 Ores TW tesesumag 8my 2 (80%) AC 1.543 14.000

wetmeer womseer s'031 man

theeseno 2 C-E BecMee Secomme 957 43 OsseT W 8eares Boy 2 455 %) tortrene 810 15.000

m C-E 8.cs,ime seemse 730 5 c w tam , essen Caus,w To==o 2 ter**ae 1.1** 13.500
ett** ese

,

j Pese WesGe 1.2 & 3 C-E SocMme Sectase 1333 55 Chamelsup h Camaug Temers 2 (95%) tortpone unet onst

s.n ons o 2 4 3 C-E 8econW 8meme6 1000 w*. Osme Dvourt Pam Oteen we. w*. enst we.p,
! st Luas 1 & 2 C-E Ehmee h 839 5 OsuoDemqm Ammes Otsen 2 AC onet wat.

wissetese 3 C-E h Se=== 1975 GJ Oreo Duone
^-' fbeer [ 2 (63%) tereene 1.103 17.940

-
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6. BABCOCK & WILCOX (B&W) PRESSURIZED WATER,

REACTORS (PWRs) i
!

In the U.S., Babcock & Wilcox (B&W) has produced 10 PWRs, all with two |
arimary loops and once through steam generators (OTSG). Dere are three basic B&W :
?WR models that can be distinguished by the relative positioning of the reactor vessel and !
the OTSO, and by the number of fuel elements in the core. He terms " lowered loop" and |
" raised loop" define the relative positioning of the reactor vessel and the OTSO, and the
reactor cores are comprised of either 177 or 205 fuel assemblies. As of March 1990, the

.

t

numbers of units of each type are as follows:

177 " Lowered loop" 11 units '-

177 " Raised loop" I unit !-

205 " Raised loop" 2 units ;-

t

A general orientation to PWR systems is presented in Section 3. Expanding on this .

introductory material, an overview and brief comparison of major features of Babcock &
Wilcox PWRs is presented in Section 6.1. The Babcock & Wilcox plants are described in
Sections 6.2 to 6.4, and numerous detailed comparative tables are presented in Section 6.5.
In Section 7 the comparative tables for the Babcock & Wilcox PWRs are compiled with
similar tables for Westinghouse and Combustion Engineering PWRs. ,

,

'

6.I Babcock & Wilenn PWR Overvleg
i

6.1.1 Primary System
In the B&W 2-loop RCS, each primary loop is comprised of one hot leg that

enters the top of a once through steam generator (OTSG), and two cold legs that exit the
bottom of the OTSG and return flow to the reactor vessel. One reactor cootent pump is in !
each cold leg, for a total of four reactor coolant pumps, ne pressurizer is connected to one ;
of the hot legs.

The B&W RCS is designed to operate with a nearly constant average loop '

coolant temperature (Tave). Onder this control scherne shown in Figure 6.1 1, hot leg
temperature (Thot) increases and cold leg temperature (Tcold) decreases as reactor power i

increases. This is different than the constant Teoid control scheme used in Westinghouse
end C E PWRs.

The once through steam generators produce superheated steam and do not i
require moisture separators or steam dryers. An OTSG has a relatively small secondary
coolant inventory in comparison to the U tube steam generators used in Westinghouse and

Combustion Engineering PWRs. This results in a more rapid " dry ign charactenstics ofout" following loss ofall feedwater to the once through steam generators. Basic des
Babcock & Wilcox once through steam generators are listed in Table 6.1 1.

6.1.2 Reactor Core and Fuel Assemblies
All B&W commercial PWRs are designed to o> crate with rod type slightly. ,

enriched fuel in a core comprised of 177 or 205 fuel assemb ies. The general arrangement '

of a 177 fuel assembly core is shown in Figure 6.12 and the 205 fuel assembly core is
shown in Figurt 6.13. A comparison of basic B & W core parameters is presented ir
Section 6.5.

The fuel assemblies have square cross sections in a 15 x 15 fuel rod array or i !
17 x 17 array, with multi fingcr control rods that insert into channels in the fuel assemblies i

A brief description of the 15 x 15 and 17 x 17 fuel assembly design is provided below.

,

61 3/90
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Table 6.1 1. General Characteristics of Babcock and Wilcox
Steam Generatoes |

t
!

:
i

i

!
!

Design Parameters Oconee Davis Bellefonte |
1,2 & 3 Dessie I&2 >

I

Tube Side (primary)

Design Pressure (psig) 2500 2500 2500

Nom. Operating Press. (psig) unk, unk. 2165 ,j'

Design Temp. ('F) 650 650 670 |
i

Design Flow Rate (Ib/hr) 6.57E+07 6.90E+07 unk.

Total Primary Side Vol. (ft3) 2030 2030 unk. I
l

Shell Side (secondary) i
q

Design Pressure (psis) 1050 1050 1235 -|
;

Full Power Pressure (psig) 910 910 1045 5

Design Temp. ('F) 600 600 630 <

Full Power Temp. ('F) 570 570 602 [

Steam Flow Rate (Ib/hr) 5.60E+06 6.12E+06 ' 6.05E+%
@ Full Power

Total Secondary Side Vol. (ft3) 3412 3412 unk.

1

"
.
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A. 15 x 15 Mark B Fuel Assemblies
The geometry of the 15 x 15 fuel assembly is shown in Figure 6.1-4. Of the
225 lattice positions in the 15 x 15 array of a Mark B fuel assembly, 208
positions are for fuel rods,16 are guide tubes for the multi finger control rod
assemblies (CRAs), and axial power shapin r rod assemblies (APSRAs), and
one is for in core instrumentation. Some N. ark B fuel assemblics may hwe
burnable poison rod assemblies (BPRAs) insened in the 16 positions normally
assigned Lor the control rods.

B. 17 x 17 Mark C Fuel Assembly
The geometry of the 17 x 17 fuel assembly is shown in Figure 6.15. Of the
289 lattice positions in the 17 x 17 array of a Mark C fuel assembly, 264
positions are for fuel rods,24 are guide tubes for the multi finger control rod
assemblies (CRAs) and axial power shaping rod assemblies (APSRAs), and
one is for in core instrumentation. Some N. ark C fuel assemblies may have
burnable poison rod assemblies (BPRAs) inserted in the 24 positions normally
assigned for the control rods. The principal advantages of the Mark C fuel
assemblies over the Mark B are lower linear heat rates and lower fuel and peak
clad temperatures.

6.1.3 Reactivity Control System
Core reactivity is controlled by full length control rod assemblies (CRAs), axial

>ower shaping rod assemblies (APSRAs), burnable poison rods (BPRs), and soluble
>oron in the coolant. Plants using the 15 x 15 fuel assemblies have 16 finger CRAs as
shown in Figure 6.16 while the 17 x 17 fuel assemblics are designed for the 24 finger
CRAs shown in Figure 6.17.

All B&W PWRs use roller nut control rod drive mechanisms (CRDMs) to
control tne positioning of the CRAs and APSRAs. The B&W CRDM shown in Figure
6.18 consists of a motor tube, which houses a lead screw and its rotor assembly, and a
snubber assembly. The motor tube is a closed pressure housing. An external motor stator
surrounds the motor tube and a position indication assembly is arranged outside the upper
extension of the motor tube. The extension shaft on each CRA and APSRA is a threaded
leadscrew that exteus into the CRDM and is engaged by rotating roller nuts in the motor
tube when the CRDM is energized. When the CRDM is de energized, mechanical springs
separate the roller nut halves, disengaging the leadscrew and allowing the CRAs to fall into
the core. A hydraulic snubber assembly within the upper housin I ecelerates the CRAs ad
short distance above the full in position. The drives for the APS (As do not disengage on
loss of power. The CRDMs stators are water-cooled.

6.1.4 Emergency Core Cooling System
All B&W plants have high pressure safety injection pumps that are capable of

providing makeup to the RCS at the PORV setpoint pressure. 'Ihe B&W ECCS provides
mjection paths into the RCS cold legs for the hl h head injection sumps. Separate injection3
paths directly into the reactor vessel are proviced for two core f.ood tanks (accumulators)
and the two-tmin low-head injection pumps (see Figure 6.1 9).

6.1.3 Containment
All B&W PWRs have large, dry containments that have varied construction

styles as shown in Figure 6.1-10. Descriptions of containments for B&W PWRs are
included in the following sections.

i
I

63 3/90

_



640

Reactor And Core
Outlet Temperatur

/
/

/#600.

J RCS Average Temperature

580
-

Reactor inlet
Temperature

560

(
540

0 20 40 60 80 100

% of Core Power

Figure 6.1-1. Typical Babcock & Wilcox RCS Temperature
.ontrol Program

: f-4 3/90
..

!

'
m, +- +s ,



,i

<o

'

y

r THERMAL SHIELD
RE ACTOR VESS EL

{J SURVEILL ANCE SPE CIMEN-
HOLDER TUBEn

& /
__

'

o opn

O ] j O
o

I e 7 Tis 1
o FUEL ASSEMBLY

o
.

ig 'e iO FI ~ og

Q[@ @? k. e 01 (
O e le e e e je , e O-

og
IN-CORE INSTRUMENT-

o --
e. e el I_9 1 . ai e . e

* l Oj 31 _Ol' l8 0 a
.

LO C ATION+ enA1 o Me -- 9t;g;g
;4-
r .|. O

grgle 4'- ---

,
,,

I C ele I0-le 9 9 h-

& o -
. . . ei . ei iv

O @ 10 * 1 91 .
9 4-

O
G - O '

e o 03W el -

"
-

o _I O ' lOl e 9 * 0 * o CONTROL ROD.

ASSEMBLY LOCATION
- O 1-1

8 0 *l' @l o
'

o ,.-

;l O-

&?b ,
,

'/ * ./ CORE BARREL, , , , .
,

, ,

Figure 6.12. General Arrangement of a B & W
177 Fuel Assembly Core

6-5 3/90



.n

i

k

p

i,/,// A'/7 ,..,
,

. -

/ \ ' G-
/

. /
---

'/. 'CRA
' Location

21 Y & I
'

'

,.- -
@ _ ?@

]@E
L_. _.

.,

,t,
-

_2_,
,

,/ O O !_8] ] ]@ ;

' @ @ $ 2 7 '.
,'/ @ @ @ L {B_i'

s
.

e e;/'t e a
_ _JA G.a a d_a_ ':/'

-_ _ _

/, 2 -

@ e-
_ _ _

@5_iOj_jZjO @! @i_f/ --|- ;;;; ii
@F|

'+

"E
- - ---

,

liJL]EUL@JUe e i
'

- .

'1,/,, 2 j[@ @ l

~~l]@B_l@=i
Ol :_

@= .k/Ol @ 0 @'
_i- - g ___

~ ~

/* @ @ @ @ @ @ !
/# @ k $ i -'/

. , _,

@ |/, @ '

'/ . A { ,

Surveillance ' "

- '/[ /Specimen
, ,_

Reactor
Holder Tube ,/ Vessel

,~

///[//<' Core Supporty ,y

Ass embly I As sembly

Figure 6.1-3. General Arrangement of a B & W
205 Fuel Assembly Core

66 330



,, _ . _ . .

,

;

'

.
A

h

m

Im,.r
, ,gt, = - -

,x-
7_

=f
s,

t

l '

a y__ _ _r -

5 9 .

l . . .

/[ =,
_q,}

.

> %i

.,

>

199 wits
j

'

-<%..,
-

- ., _,

c : : :
_ _

.

'

$ .

>.
'

: |
''
>

i I !

.I o l
|
i.

, ,

I
r

y_ \. . . , . . .

;.,

RIMSWTAttM l !
tu.s

| |
'

l

, _
1 1 , ,: 1... , ,, , l

c._ _ _

'::::::::::-tu o: fa ' : -
.

o j;
. i

;

|,

;

-o ,,,,
t-

AsegeIOLT '

I- o o o a
| t

-4, j " ! ,- ",
'

l
-

1 , 1 ": , 1 p ,,

L
. . . . ,

O., -

|;

i

I
.

,. . _ L !-..

... :::: -- . .

i
.

I
'

L s> m. . +.
-

,

1

; ,
'

r r rf. ..
. m-a'

meJ' '
,

. PIT tWe
.

-

f >

e.e.r.msnare. wee
s

-.

Figure 6.1-4. B & W 15 X 15 (Mark B) Fuel Assembly

6-7 3/90
,

- - - . - - - -



!

l

.

n

_ _
,

|- p .Nm
-

/
-

3 rg ,

e - = ,a m g g

/
.

+ - -- U II j11, ., ..
,

__- -_

) ,q.e m

l lod' MM ,

A tumuituli-

t,

TH nmrnfrrrr- :

|MD B0 i

flIIITTHUlQLQ=
i=uuul L1 UL1*=

Tnvnr" " " ^
iMD DM

'NfIIhlbl!MN=
bO@!l DM .

1|II!bba f-
H!-{M1 lh>M
uMitIIT fTRU TT !
Il Q l I!!1 a t ir m n r t =

Hit 0 DM '

iTUTIT H r il 1 |'jl | [ g
i i|,

- +~ ULliB lliH UlLEulIri

h|1p] pgL-
_ _-jj-Pm;,

n ni p h r n y
y p p .I N C

: n u .,
. - " = = = " g jg

]f I !I(I!!I!I210
~~~

0 1 0 0 OT_
i --i- -- - y|, ! j gg

- Eiad0ia._ 7. , p Tar: ' , ,

,. _ ||
,

,

:.- ,,

- --b - o .3f-"!. b :. 01
|1. IUd.2.a1. . ,

tD I
i ii i.i ei,, I ~ ULL * ''

- . .. -..D .11- C ..,. C& Q _ty " " G
t /t 1: 14 ij| i -- --

p
-

t ,,

7.0", , t :-r- - 1. . . , . , . . ,

'==

Figu re . 6.1-5. B & W 17 X 17 (Mark C) Fuel Assembly

68 3/90



.

!
i

I
,

;

I

\- ?

:
.

I
t

;

I
. .

h_ i-

. . . . 1.

>0.upu.8 - ' hnn '

Ci !'

:
:

. - <, .. .

_.__ _. . . ._. .

.

., , J '

t
__._.._ ..

i.

\ !

%\ >.
..

!
..

~. .. , , ....
,. . p . , . . . 1-

-- )-4 - -

g . . . _ _
,,,

_

.

([*h, j
"

:.. ~L.-, ..
.~ ~. ;

.-

!

.

;

_ ,_. - .|
.-
,

I

OO O 00
~

.

!

i

:

|
i

Figure 6.1-6. B & W 16 Element CRA
|. i
t- t

69 3/90 -

2
- s . . . - . . . - . - - . , . - . . . - -. ,



,
- .

,

, t

ri
i

;

,

'

%==__M !-

..n.,
,

jcouruma s e

'
!,,,,

- t

i
- - . .. . . . :

:
sPoen - .

.!
t
.= =

i!'% % %
. .|M N' Z'%. .%,

'%- .%,%,
[( ) 1,3

%,,,

.. - _ _ _ _ _ ,
-

<

.f
4 ,

' i
i

}. ;
s

- -- -

!
O t i

k [
- o ,

,

i
t. : <~ .~.

A :O O' ]
' '

vor viaw

I -

:-

,

!
,

t i

| I t
,

}usurnom Aesonnene mArtanAL% 7
l ''

j

AKlAL POWER SHAPING rod # !
.!

4

1 1
1

$6 5 6 6 551

.

;
t

'

Figure 6.1-7. B & W 24 Element CRA
!
,

6 10 3/90'
;

1 &

. . . . .



,

2 i

I * *
, ,. . *

,,

I
.

'

N|
| lis n i

E.I .a
-

a
* _ . .

E'' .,r-

\@[j $h" 'Ej

4g Nii 1

|| |
| d|!NI

'

3

).

.

'
| |L :L

h 'I,
!j's 1'

i ,,.

kI .' | |.hQ j
| s .,

.
.

''
M | N\ '

.
:

[ b )u; I
,

s
: :t
; QB e

|i

grJN i
.

'

.1, _.

_



. _ _ . . . _ _ _ _ . _ _ . _ _ _ _ _ _ . _ . _ _ . _ _ _ _ . _ . _ _ . _ _ - _ _ . . . _ __

,

C] C] C] [
;

I |

! --
,,

;--

i

4 .

M
I

/ ;

I / !'

!.

9__0__8_._2_._2 a = 6-

s n <

| :.
' CORE FLOODING r

L- | N0ZZLE i

4 L-/ I
- ,

#
, _ _ .

f*" - "

s |
'

'

4 4

! Figure' 6.1 9. B & W Core Flooding injection Path for Core
Flood Tanks and Low Pressure injection System

6 12 3/90 ,

,

. .
*



__. _ _ . . _ . _ . _ _ . . _ _ . _ . . _ _ _ . _ _ _ _ _ _ _ _ _ . . _

LAnot,ony
Pnmany ee , , , , , , , , , ,

CONTAINMENT
-

er Ei.
|

|

.
wnn o a N. e6w no.m. :
.

...........

.

,

;
oyn , wnn u. u w ,i .
WI Lin., }

CVUNDER
=Tw u. - !

L LO4ER Oyline.t wan
h tow hes I Lin.t a j.-

,

!
....<,..,6 1

. ::L'.a;4',,",.", u uw j
;

W.= m L .,.

.v
.. i...
. . .

PORT. YENS 60NEO N'','*,''",",,",''
00NCRETE
CVUNDER i

'
STE LBIER ' 8 '8

O.n.t Dynne., C,y I m' v.e .
'

,
with m I Lin.t Yn test. let.ns t

R.n.n. S :

.. >

*-W,,:,,,,L , n ,.. ;
. :

!

I_ CONTAINMENT _|
SUSATMOSPHERIC|PRIMARY oysene.r wan - N. 84. ,0.m.

[

gu . .

Ea *a

I m.
c,,,., ; uw . - .

..

:

1ICECONDENSER 1
ts,,,, cy,in ,

' PRIM ARY witn c.n. t. N. B&w al.n..
CONTAINMENT |

-

Bulidia
i

j 5

l Cylind.,E",|.#"h
wl.a N. uw Pl.m.4

!

L Figure 6.1-10. Distribution of Containment Types
'

for Babcock & Wilcox Reactors
3j99 {6-13

,

. . - _ - _ _ - - - .- . - .. - .- - _ __



._. -- -

I
f

!
I

6.2' 77 Imered I ^^- Rakerwk & Wilcom PWRn |

- :labcock & Wilcox lowered loup PWR plants in the United States are the |
following:

Arkansas Nuclear One 1 |-

Crystal River 3 i-

Oconee 1,2, and 3 |-

Rancho Seco-

nree Mile Island 1-

;

All of these plants had full power oprating licenses as of 2/89. Three Mile Island 2 was i
another Babcock & Wilcox lowereoloop PWR. The general arrangement of the B & W
177 lowered loop NSSS is shown in Figures 6.21 and 6.2 2. ,

;

6.2.1 Reactor Core and Fuel Assemblies 1
All lowered loop plants have a 177 fuel assembly core thr.t operates at an i

average power density in the range from 76 to 90 kW/ liter and has a thermal power output ;

of 2452 to 2772 MWt. His core is comprised of 15 x 15 Mark B fuel assemblies. 1

:6.2.2 Reactivity Control System I
Core stactivity is controlled by 61 full length control rod assemblies (CRAs),8

axial power shaping rod assemblies (APSRAs), burnable poison rods (BPRs), at:d soluble
, :

boron in the coolant. The neutron absorber in the CRAs and the APSRAs is A g I.n Cd .

(silver indium cadmium), while the BPRs use B4C (boron carbide). Each Cu and :

APSRA consists of 16 control rods that are joined at the top by k " spider" assembly that is ;

attached to the CRDM extension shaft .
*

:

6.2.3 Reactor Coolant System !

In the B&W 2 loop RCS, one RCS hot leg supplies each steam generator and [
two cold legs in each loop return flow to the reactor. A single reactor coolant pump is in ;

each cold leg. The general arrangement of the reactor vessel and intemal structures is ;

shown in Fijure 6.2 3. Reactor vessel inside diameter for these plants is 171 inches. -

3e B&W NSSS incorporates a once-through steam generator (OTSG) with an- !
integral superheater. His system supplies dry steam with a ) proximately 35'F superheat, -

therefore, no moisture separators are required. Reactor coo ant flows downward through'.
,

the steam generator. As seen in Figure 6.2 1, this results in a relatively long " candy cane" r

RCS hot leg. Flow paths inside the OTSO are shown in Figure 6 2 4. Note that the
feedwater inlets are slightly above the midplane of the steam generator.

L The pressurizer is shown in Figure 6.2 5.
H

6.2.4 Shutdown Cooling Systems ,

Shutdown cooling is performed by a multi mode residu.d heat removal system .

that also performs the low pressure safety injection (LPSI) function as part of the ECCS.

6.2.5 Emergency Core Cooling Syctems
Alllowered loop plants have three high pressure safety injection pumps that are

capable of providing makeup to the RCS at the PORV setpoint pressure. The HPSI pumps
.

!

inject into the four RCS cold legs. The LPSI pumps and the core flond tanks (safety
'

;

injection accumulators) inject directly into the reactor vessel via core taxxl nozzles as
described in Section 6.1. ;

:
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6.2.6 Containment
All lowered loop plants have three dimension post tensioned concrete

containments with a steel liner. The general arrangement of the Three Mile Island I
containment is shown in Figure 6.2-6 to 6.2 8.
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- 6.3. 177 Raised Loop Babcock & Wilcox PWRs 9

The Davis Besse plant is the only Babcock & Wilcox 177 raised-loop PWR :

plant in the United States.' Davis Besse had a full power operating license as of 2/89. The - i
general arrangement of the 177 raised loop NSSS as shown in Figures 6.21 and 6.2 2. :

6.3.1 Reactor Core and Fuel Assemblies |
. Davis Besse has a 177 fuel assembly core that operates at an average powert

l density of 90 to 91 kW/ liter and has a thermal power output of 2772 MWt. This core is ,

comprised of 15 x 15 Mark B fuel assemblies and is essentially the same as in the 177 |
lowered-loop plants, j

'

6.3.2' Reactivity. Control- System . 1
The reactivity contml system for Davis Besse is essentially the same as in the - i

177 lowered loop plants, except that fewer full-length CRAs are used at Davis-Besse (i.e.,
53 vs. 60 to 61 CRAs in the 177 lowered loop plants), y

6.3.3 . Reactor 1 Coolant System
.

The major difference between the 177 lowered loop plants and Davis-Besse is '

the relative position of the reactor vessel and the steam generators. In the Davis Besse i

plant, the raised position of the steam generator with respect to the reactor vessel is
'

sufficient to promote natural circulation in the primary system even with low secondary ;
coolam inventory in the steam generators.

The once through steam generators for Davis Besse are similar in design to
those used in the lowered-loop plants.

6.3.4' Shutdown Cooling Systems
.

!

. Shutdown cooling is performed by a multi mode residual heat removal system'

- that also performs the low-pressure safety injection function as part of the ECCS.

16.3.5. - Emergency Core Cooling Systems
Unlike the 177 lowered loop plants, Dads-Besse has separate systems for

high pressure injection and charging. The HPSI pumps have a shutoff head of 1625 psig.
'

: Makeup at high pressure is available fmm two centrifugal charging pumps rated at 150 gpm
at 2514 psid (i.e. above the safety valve and PORV setpoints). The makeup system is not >

. considered to be part of the ECCS ar2 makeup capacity is somewhat lower at full RCS'

pressure than the HPSI pumps in the C / lowered-loop plants (i.e.150 gpm vs. 300 to 350
gpm).

.

The Davis Besse LPSI system and core flood tanks are comparable to those in
. the 177 lowered-loop plants.

6.3.6 Containment.'
,
'

The Davis-Besse 177 raised loop plant has a large, dry containment consisting
of a cylindrical steel primary containmerit vesselinside a concrete shield building. The :

containment arrangement for Davis-Besse is illustrated in Figure 6.3-3.

,

i

t

I
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i'' 6.4 205 Raised 2 Loop. Amhcock & Wilcox PWRs
.

~ The Bellefonte 1 and 2 plants are the only Babcock &.Wilcox 205 raised loop -;
PWR plants in the United States. Bellefonte 1 and 2 have construction permits, however,

i construction has been halted. The general arrangement of the B & W 205 raised loop -
- NSSS is shown in Figures 6.4-1 to 6.4 4. ,

6.4.1 Reactor Core and Fuel Assemblies
Bellefonte 1 and 2 have 205 fuel assembly cores that are designed to operate at

an average power density of about 107 kW/ liter with a thermal power output of 3620 MWt.
This core is comprised of 17 x 17 Mark C fuel assemblies.

6.4.2|
Reactivity ity is controlled by 64 full length control rod assemblies (CRAs),8

Control System
Core reactiv

axial power shaping rod assemblics (APSRAs),166 burnable poison rods (BPRs), and"
,

soluble boron in the coolant. The neutron absorber in the CRAs is B4C (boron carbide), -

the APSRAs use Ag In Cd (silver-indium cadmium), while the BPRs use B4C (boron '

carbide) dispersed in alumina pellets. Each CRA and APSRA consiste af 16 control rod '

fingers.' Roller-nut rod drive mechanisms control the CRAs and APSRAs. >

6.4.3. . Reactor Coolant System
The basic appearance of the 205 raised loop RCS is similar to that of Davis-

Besse. The general arrangement of the reactor vessel and internal structures is shown in
Figures 6.4-5. Reactor vessel inside diameter is 182 inches.

The once-through steam generator for a 205 raised loop plant is shown ino
Figure 6.4-6. This steam generator differs in the following areas from the OTSGs in
earlier plants:

I
- Greater heat transfer capability

. Feedwater inlets and steam outlets located lower on the steam generator
-vessel

;

The 205 plant steam generator is termed an " integral economizer" GTSO. The pressurizer -

for a 205 raised loop plant is shown in Figure 6.4-7.
,

6.4.4 Shutdown. Cooling . Systems-
.

As in earlier B & W plants, shutdown cooling is performed by a multi mode
system that also performs the low-pressure safety-injection (LPSI) function as part of the

' ECCS.-

!6.4.53 Emergency Core Cooling Systems
. The 205 raised loo) ? ant ECCS is comparable to the ECCS found in the 177l

' lowered loop plants. The hig i-mead injection pump::in the B & W 205 plant double as '

charging pumps during normal operation. They are, therefore, capable of adding water to
the RCS against full system pressure. No positive displacement charging pumps are'

provided.

6.4.6 Containment ,

The Bellefonte plant has a large, dry containment constructed of three-
dimension post-tensioned concrete with a steel liner and a secondary containment. The
general arrangement of the primary containment is shown in Figures 6.4 8 and 6.4-9. !
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6;5 . Dahea,ar & witcaw Pwn camnu rative narn, :

; <*
. This section contains the following tables which present comparative system

% data for Babcock and Wilcox PWRs:
,

'
~e,

T-- + Table 6.51 Design Parameters for Representative Babcock and Wilcox-

PWRs

[o Table 6.5-2, Comparison of Babcock & Wilcox PWR Vessel and Core-

Parametersi
'

Table 6.5-3 Babcock & Wilcox PWR System Comparison - RCS, AFW,-

'

Charging and HPSI

Table 6.5-4 ' Comparison of Babcock & Wilcox PWR Pressurizer Relief-

Capacity

! "

Table 6.5 5 Comparison of Babcock & Wilcox PWR Containments-

Table 6.5-6 .- Comparison of Babcock & Wilcox PWR Backup Electric Power-

Systems

Table 6.5-7 . Comparison of Babcock & Wilcox PWR Power Conversion-

Systems

,

V

6-39 3/90

i



, , , _ _ - _ _ _ _ _ _

% ' I! -

s m .

;, gw
>

;,

.,:
\

l, Table 6.51. . Design Parameters for Representative Babcock & Wilcox
' PWRs :

'

1

3
i |

\- !.

'

REAt s um FLANT B&W B&W

in . CHARACTERISTICS LOWERED. LOOP PLANT RAISED. LOOP PLANT,

4

' |'
,

TMIl DAVIS.BESSE
,_

[ O verall

}
Numberofloops - 2 without isoladon 2 withoutisoladon

7hermal capacky 2535 M Wt 2772 M Wt -

!- Eleceic capacity 776 MWe 260 MWe

1:

!: Efficuency(net) 30.61 % 31.02 % i

o < r

E Coolant pressure in pimary circuit
at enn from reactor - 2185 peig 2185 psig .

Coolant tempersare at inlet ' 555.6*F 555.4 'F

! Coolant temperatwe at exit from rescaer
-

602.4'F 608.6 'F

0 Coolant flow rate ovough reacson (total) Unk. 131.3E6 lbAw

care .i

lleightof acuveenre 12 ft. 12 ft.
''

Pcivalent dameter . 10.74 ft 10.74 ft.

I' Number of fuel asiemblies 177 177
,

l

Number of control rods assemblies 61 53

Number'of fuel elements in usembly 208 208

Dameser of fuelenemmt 0.370 in. 0.370 in.

Area of heat transfer swface 49,734 sq.ft. 49,734 sq.ft.

Mean specific feat flux 182,400 BtuAr.sq.ft. 182,400 Btuhr.sq.fL |

Number of fuel rods 36,816 36,816

- Core lon&ng 3-region | 3-region !

Average burnup (frst cycle) 14,400 MWdMib 14,605 MWdMru

Ibel weight (as UO2) 93.1 metric tons 93.1 menic tons
i

Reacser - Vessel
Vessel height 40.73 40.73

inner diameter 14.25 14.25

Number of Operungs for inlet and Oudet
nonles 2x2 2x2

I,

.c

f

I
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Table 6.51; Design Parameters for Representative Babcock & Wilcox
PWRs- (Continued) i,

..

W

2 .}

r

nEEAs.n um FLAMT saw saw
CH AR ACTERISTICS LOWERED. LOOP PLANT RAISED. LOOP PLANT ,TMI.I Davis.BEssg

Javam Generoser . '

Number of udts - 2 2

Thermal poorer per unit 1292 M W lle6 Mwt #

i-h-
Shell side opwatag presswe (mesm) 910 psig 910 psig

Tubs side operating presswe 2185 psig 2185 psig,

Tube side design flow 65.66 E6 lbhr 65.66 B6 lbhr f
etpt. .
Hot leg einer dia. 36 in. 36 in.

.{Cok! leg beer dia. 28 in. 28 in. -,

Retween pwg and steem generaior Unk. Unk.
'

54ety Vetres
IVst openne premure ' 2435 pels 2435 psis

Capacacy 243,000 lbhr each of 2 242,000 lbAt eneh of 2 I

38.9;h,hr/MWIeach PORY of 1 40.4 bhr/MWt each PORY of I '

reimary coenant ramps "

Number 4 4

Pump cepecity 88,000 spm 88,000 gym

Coolant toegersame 5S77 557 7
!presswe rise 355 ft. head 355 ft. head

Design pressee 2500 psig 2500 psig - .s

Designtemparense : 650 7 650 7

Masar resing(nonsplass) : 9,000 hp. 9,000 hp.
,

4

4 -

#

I

?

i

'f
1

$

'
w

i

s
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1 Table 6.5-2. Comparison of Babcock & Wilcox PWR Vessel and Core Paranseters ~ A

PWR PWR Reector Plent Core Reactor Core Core Cees Averego leuwster Fees ~ 80 master of
Vender Type Name Power Vessel Egulvetent Active Power Donelty of Feel Eleasent Centret Mode - '

(MWt1 1.D. (in) Diem '(in) Hotelet (In) ' (kW/IItor) Elesmente t ; __ _ :. , (FulltPert - Lone 11e]

B&W 177 L-Icop ANO-1 2568' 171- 128.9 144, 76.00 177- 15x15' - 61 F4 P

B&W 177 L-loop Crystal River 3 2452 171 128.9 144 79.60 177 15x15 80 F4 P '

B&W 177 L-loop Oconee 1.2 4 3 2568' 171 128.9 144 83.40 177 15 x 15 ' 61F4P

B&W 177 L-loop RanchoSeco 2772 171 128.9 144 90.00 177 15x15 61 F4 P

B&W 177 L-loop Three Mae !siend 1 2535 171 128.9 144 82.30 177' 15 x 15 61 F4 P

B&W 177 R-loop Davis-Besee '2772 171 128.9 144 90.60 177 15 x 15 53 F4 P

B&W 205 R-loop Bellefonte 1 & 2 3620 182 138.7 143 107.00 205 17x17 64 F4 P

T
u
tJ

>

l
,

>

+

L

?

4

.,.,.,E... ~,., ,, p. _
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' Table 6.5-3. Babcock &. Wilcox PWR System Comparison - RCS, AFW, Charging and HPSI

m . - =pce- e a-s a- C -.m. sy= =a.e a r Ce a ne s - a ary ree ar e rv r

80808 Core e ACS 9 ACS StG e AFW Type Capecery e Type Capeesty Capeceey a Type : Capes #y Capocay
Plant Itemme Wender WWt lease PCHIVISV RSodse Pumme Orlwe acme e sets Pennes Pesos same 9 onds ama O POAV Pumpe Ptume amm e nelm sums O POBIV Ismese

APO S 88W 2648 2 -1/2 OT 2 M 190 @ 1127 3 Care 400 @ $800 270 Seme ss eneygpage
1 T 780 e 1127

guessorse 1 & 2 SSW 3420 2 s#2 01 eest erst unet Care 30s @ 3800 enet erst one. 700 . enet

Cr,.e., , 3 W 2 52 2 1,, 0, , M ,.0 @ er. . C .00 $ 00 - ,.0 -- -
1 T 740 S are

Om.m snsen 8SW 2FF2 2 t12 OT 2 T 1000 @ 3060 2 Core ISO @ 2514 150 2 Core 900 @ 1970 0

Oconme 1. 2. & 3 88W 2968 2 1#2 Of 1 M 900 9 1050 3 Care 490 @ t700 270 Same ascnegng pwge
1' T 1000 0 1050

%rwe Sece 88W 2772 2 1#2 OT - 2 M.T see @ tio2 3 Cars 400 $ te00 270 sarne m enarre perve in:
T 840 9 1982

I M 8- t SSW 253S 2 3#2 OT _s M 400 $ awa 3 Core 400 @ 1000 270 Sono an chugng pwge
t T St0 e are

ha
t.:J
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. Table 6.5-3.E Babcockiand .Wilcox'PWR System Consparison -. RCS,'' AFW, Charging and, HPSI .

~ (Continued) ~ -
>

.
_

General Note:-"

*

All pump capacities are stated on a per-pump basis. AIM pump capacity is stated in tenns of rated capacity. Charging and
high pressure injecnon pump capacity is stated in terms of rated capacity and approximate capacity when RCS pressure is at ' ,

the PORV setpoint (i.e. for " feed and bleed" operation).
~ '

Codes used in this table include:-

Type drive- . M = electric motor
T = steam turbine

Type pump: PD = positive dight

L Cent = centrifugal ~ ~+

| RCS PORV/SV: number of RCS power-operated valves (fust
! number) and safety valves (second number).

| e Sfs model: UT = U-tube
*

, t ; OT = once-through
|

| L

| Notes:
|

(h) Rancho Seco has one AFW pump with a tandem steam tudime/ electric moeor drive. ;

I
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. Table 6.5-4. Comparison of Babcock:& Wilcox PWR Pressurizer Relief Capacity
. _ . . ...

NSSS #RCS Ma nuf acturer Capacity Lowest # RCS Capacity Lowest '.
-

P!ent Name Vendor PORV's (Ib/hr/MWt) Setpoint (psig) SV's (KIb/hr) Setpoint (psig)

ANO-1 B& W - 1 Dresser 38.9 2255 2 234 2500 .

315 33VX
Bellefonte 1 & 2 B&W 1 Unk. 160* 2295 2 500 2500

Crystal River 3 B&W 1 Dresser 40.8 2255 2 254 2500
315 33VX

Davis Ratu - B&W 1 Crosby -40.4 2255 2 242 2435
HPN-SN

Oconee 1,2, & 3 B&'4 - 1 Dresser 41.7- 2255 2 254 2500
315 33VX

Rancho Seco B&W 1 Dresser 40.4 2255 2 249 2500
315 33VX

m TMI-1 B&W 1 Dresser '38.9 2255 2 243 2435
E 315 33VX

* KitWhr rating

*u
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H Table 6.5-5. Comparison of Babcock & Wilcox PWR Cont:inments
~

.

. StSSS - Arch.1 Prim. Concrete - Internal ContesameW( Doeten Design Encicouro

i Plant Name - Vendor- Engineer Cont. ! Construction Construction Diameter Free Votmew Pressure ~ Look Rate Sullding?

i Type Subtype (feet) (f t3) (psla) % vol/ der
,

B&W Betchel Dry Concrete Cyhnder wl. 3-D 116 2.09E+06 59 0.2 NANO-1
steet Uner Prestressed

. Belletonte 10 2 B&W TVA Dry Conaese Cyhnder w/ 3-D -135 3.80E+06 - 50 0.2 Yes
' Steel Uner Prestressed "

Crystal River 3 B&W Gilbert - Dry Conaese Cyhnder w/ 3-D. 130 2.00E+06 55 0.25 2
,

Steel Uner Prestressed'

! Davis Besse 8&W ' Betchel Dry SW Cyhnder --- 130 2.87E+06 40 0.5 - Ya
|

Oconee 1. 2. & 3 B&W Duke / Dry Concete Cyhnder w/ 3-D 116~ 1.91 E+ 06 59 0.5 . 2

Bet:hel Steel Uner Prestressed

Rardo sexo B&W Belchel Dry Concrete Cyhnder w/ 3-D 130 1.98E+06 59 0.1 2
Steel Uner Prestressed

TMI-1 B&W Gilbert Dry Concrete Cyhnder wt 3-D 130 2.00E+06 55 - 0.1 2
Steet Uner Prestressed |

9
s
Ch

W

.

g an -p-w- ,, .p y. ...che-- 9 ps. * -. e ,. w - i-,Ag,pe7*,, f w, 97_9 y .g N'* g- " Js q wiw9 ,-gWW7 ,~pJ--9_" a p- p- , s,_.g.._,
___

_g. ___4_;a.____,, mm ,g
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Table 6.5-6. Comparison of BabcockI& Wilcox PWR Backup Electric Power Systems

. Shared Dedicated continuous - 8 of

NSSS' Diesels . Diesele Rating . Diesel Gotteries
Reactor Plant Vendor per Plant per - Unit (kW) Manuf acturer - per Plant Voltage Notes

ANO-1 B&W None 2- 2750 Gen. Motors 2 125

Bellefonte 1 & 2 B&W -- fene 2- 7000-: DeLavalle 4 120 *Per 6.9 kV diesel generator'

Carstal River 3 B&W _ Nons 2 2750 Fairbanks-Morse 2 125/250

Davis-Besse B&W None 2. 2600 Gen. Motors 4 125/250

Oconee 1,2 & 3 'B&W 2* 87500* unk. 4 125, * Keowee Dam hydrookctnc '
ger. orators

RandoSecn -B&W ~ fene 2 3500: unk. 4 ~125-
2 2750 Gen. Motors

c;h Three Mile Island 1 B&W None 2 2600 Fairbanks-Morse 2 125/250

D

w

-

.
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Table. 6.5-7. . Comparison of Babcock & ~ Wilcox PWR Power Conversion Systems

seSSS Arsatisectr Tartene Gen. Turessee typees C ^ seesumes e moon FW FWe pnsany Samuseet stomed Capacery
Peent stemme Veneer ' Ensemeer Consorseter Cas. tenues Case 66eer (1u Cossam Twee lease sink Pismoe Ortee Tome toelat t am m)

ANO1 Baw Bocenes . tiecmee 836 15 Orte Throngpi vesvar Oecharge Tunned 2 turtnne arm. 14.750
e are one

semerares 1 a 2 BsW Im . TVA 1213 60 CanedLeap asmL Cesens Temer - 2 tore no 1.161 -18.585

crystal R=or 3 BsW Gutart Jsnes 821 16 Onos Through Gusettenece 2 tereene una. 13.300
9900 men

Daws Bases B&W BecNet BecNei 860 25 Chametsap 8ent Ceahng Temer 2 turnene 1.110 15.000
ass 2 noe

Oconee t. 2. & 3 Baw BecNeu DukePauw 848 26 Once Throne Wh 2 (75N ..swinne emot 25.000
Dune Po=or etosoons

Renee Sacs 84W 8ednet SecNei 873. 15 Caned Lamp met Caosq Tamero 2 turtnne 1.381 unet
'._

Inst-1 B&W Gobert tK S C FTS 15 ChandLamp eenL Ceanng Temer 2 tortune anat onet

@
L
oo

u

~ _ __ _ _ . _ _. _ ._ _ _ . _ _ _ _ ______ _ .__ _ . _ . _ __
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7. . COMPARATIVE PRESSURIZED. WATER REACTOR (PWR);

DATA-

Comparisons of basic plant parameters and system design features of the
stinghouse, C-E, and B&W NSSS are pmsented in the following tables in this section:,

Table 7-1 Comparison of PWR Vessel and Core Parameters-
q

|
Table 7 2 PWR System Comparison - RCS, AFW, Charging and HPS! j

-

Table 7 3 Comparison of PWR Pressurizer Relief Capacity-

- Table 7-4 Comparison of PWR Containments-

I

- - Table 7-5 Comparison of PWR Backup Electric Power Systems -!

Table 7-6 Comparison of PWR Power Conversion Systems-

!

'i

4

!

|
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, v.

~
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4i.

1

!
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TatWe 7-1. Comeperison of PWR VesM and Core Parasmeters

::.sener Pont Pwn Pwn- Core nose =r vore core Core meerose isomoor Fees see =or se
~

Memo Vemier Type Power Veeool Egeleelent Aettee Peeer Donetty of Feet Eleweest Centres Nede

(WWt1 f.D. (In) Diem. (in) Height (In) (kWillter) Esoseonte Goernetry g FeetrPort Lonath]

ANC 1- B&W 177 L-Ioop 2568 171 128.9 144 76.00 177 15m15 61 F4 P

ANO2 C-E 2-loop 2815 171 123 150 96.60 177 16m16 73 F4 P

Baevee Valbty 1 W 3-loop 2660 157 719.5 143.7 100.CC 157 17 m 17 46 F5 P

Beever Valley 2 W 3-100, 2660 157 119.5 143.7 10G.00 157 17 m17 48 F6 P

107.00 205 17m17 64 F/8 P '
fBenelonto 1 & 2 B&W 205 R-loop 3620 182 138.7 143

$ 173 132.7 10.7 104.50 193 17m17 53 (noten
Brast%sood 1 & 2 W 4-loop 3411

Byron 1 & 2 W 4-loop 34'8 173 132.7 143.7 104.50 193 17x17 53 (noteQ

-4 Catessey W 4-loop 3425 173 132.7 143.7 109.20 1 "l 3 17 a17 53 (toten

Calvert Cidfs 1 & 2 C-E 2-foop 2700 172 136 136.7 78 5 m 82.8 217 14 m14 77 Ft 8 PtJ

Catawba 1 & 2 W 4-loop 3411 173 132.7 143.7 103.5 to 44 6 193 17m17 53 (noteQ

Comanche Peek t 8 2 W 4-loop 3425 167 132.7 143.7 103.3 to 104.5 193 17m17 53 (toten

Crystal Rrver 3 B&W 177 L-foop J .2 171 128.9 144 79.60 177 15m15 60 F4 P

D. C. Cook 1 & 2 W 4-loop 32$0 173 132.7 143.7 98 0 to 103 8 193 17m17 53 (totsQ

Davis-Besse B&W 177 R-loop 2772 171 128.9 144 90 60 177 15s 15 53 F4 P

D#'a Canyon 1 & 2 W 4-foop 3338 173 132.7 143.7 102.3 to 104 5 193 17m17 53 F4 P

Farley 1 & 2 W 3-loop 2652 157 119.5 144 101.10 157 17 x17 45 (toteQ?

Fort Calhoun 1 C-E 2 loop 1420 140 106.45 128 80.40 133 14 a14 45 F/4 P

Gnne W 2-loop ?520 132 96.5 144 89.00 121 14 a 14 29 F/4 P

HeddamNed W 4-loop 1825 154 119.6 121.8 82.00 157 15 s 15 45 (toseQt.9

lemeen Posnt 2 W 4 loop 2758 173 132.7 144 85.00 193 15a15 53 F4 P

_. _
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Table 7-1. Coneparison of PWR Vessel and Core Paranseters (Continued)

Rosetor Plent PWR PWR Core flooeter Core Cere Core Average founster Foot founster et
psome Vender Type Power Vessel ' Equivelent Active Power Doneity et Feet Elesment Contres stede

(WWt} l.D. (in) Diosa. (In} Nolaht (in) (kWfIlter1 ilosmente Goewry (Fall / port Lenstful

4

Iruten Posnt 3 W 4-loop . 3025 173 132.7 144 92.70 193 15m15 53 F4 P

Fasowwie W 2-loop 1650 132 96.5 144 94.90 121 14a14 33 (sotog

Meine Yanhoe C-E 3-loop 2330 174 136 136.7 74.60 217 14m14 77 F4 P

McGurre 1 & 2 W 4-loop 3425 173 132.7 143.7 103.50 193 17m17 53 (notog

M41 stone 2 C-E 2le+o 2560 172 136 136.7 78.50 217 14x14 . 73 FAO P

Mastone 3 W 4-loop 3411 173 132.7 143.7 104.50 193 17 x17 53 F4 P

Nor9: Anno 1 & 2 W 3-loop 2775 157 119.5 144 108.70 157 17m17 48 (noteQ

Y Oconee 1. 2 & 3 B&W 177 f.-8oop 2568 171 128.9 144 83.40 177 15m15 61 F4 P
w

paiendes C-E 2-loop 2530 172 136.7 132 79.80 204 15a15 41 F/4 P

Palo Verde 1. 2 & 3 C-E 24oop Sys 80 3800 182 143.6 150 95.60 241 16m16 76 F/13 P

Post Coach 1 & 2 W 2-loop 1518 132 96.5 to4 87.00 121 14 m14 37 (notog

Prairie Isleruf 1 & 2 W 2-loop 1650 132 96 5 144 95.90 121 14 m14 29 F/4 P

RexhoSea B&W 177 L-loop 2772 17, 128.9 144 90.00 177 15a15 61 F4 P

Robenson 2 W 3-loop 2200 156 119.5 144 82.60 157 15a15 48 F/5 P

Salem 1 & 2 W 4-loop 3338 173 132.7 143.7 102.60 193 17m17 53 (1eteQ

San Onoire 1 W 3-loop 1347 144 119.5 t44 70.40 157 14m14 45 (setog

San Onoire 2 & 3 C-E 2-loop 3390 172 136 150 94.90 217 16m16 83 F4 P

Seabrook 1 W 4-Ioop 3411 173 132.7 143.7 104.50 193 17m17 53 (tolog
,

taa
Sequoyaht & 2 W 4-loop 3411 173 132.7 143.7 103.50 193 17m17 53 F4 P .

Sheeron Horns 1 W 3-loop 2785 157 119.5 144 105.00 157 17m17 52 (sotog

.

.y ,.
. 7

- '- -
'

- ' - - -

. _ . . . .
. - . . . ,

- - - -

- - - - - - -
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Tatic 7-1. Coneperison of PWR Vessel and Core Parammeters (Continued)

flosetor Plant PWR PWR J - Cees fosoccer 'Cere Cees . Cese Awarage semester Foot 80 master et

sessie veneer Type Pe.or veeest Espelveient Actioe Power Donetty of Feel Element Centret modo

IasWt) 1.0. (la) olem. (Ial 5':M tla) ik WI18 ter1 Eleniente C- (Fot21 Pert Lonateel. . .

Souri Texas 1 & 2 W 4-loop 3e17 173 132.7 16s 105 (est) 193 17 a 17 57 (tetog

St. Luce 1 C-E 2-loop 2560 172 136 136.7 83.20 217 14m14 73 F4 P

St. Lucio 2 C-E 2-loop 2560 172 136 150 8310 217 s. m 16 73 F4 P

Summor W 3-foop '2785 172 119.5 _144 104.50 157 17a17 de (totog

Suny 1 & 2 W 3-loop 2441 159 119.5 144 92.00 157 15m15 deF5P

Three tede leiend 1 B&W 177 L-loop 2535 171 1I8.9 144 82.3C 177 15 x15 61 F4 P

Trohn W 4-loop 3411 173 132.7 143.7 105.50 193 17m17 53 F4 P

.p Turliey Point 3 & 4 W 3-foop 2208 172 119.5 144 82.80 157 15x15 deF5P

Vogee1 &2 W 4-loop 3411 173 132.7 143.7 104.50 193 17s17 ST (8o20
h

Waterford 3 C-E 2-Goop 3390 172 136 150 94.90 217 15 x 16 33F4P

Weste Bar 1 & 2 W 4-loop 3411 173 132.7 143.7 103.50 193 17x17 53 F4 P

Wolf Creek W (-toop 3411 173 132.7 143.7 101.90 193 17 a17 57 (totag

Yardue Rame W 4-loop 600 109 75.7 91.9 88.3 to 90.1 76 9 m (6 x 6' 24 (totet)

Zion 1 & 2 W 4-Ioop 3250 173 132.7 144 100.00 193 15 m15 57 (toteQ

ta

- _
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Table 7-2. PWR Systern Coseparison - RCS, AFW, Charging and HPSI
(Continued)

stemetor Ceesent Syeesse Asseasty F_ _ _ syeemme C - ,_.; Sysesor seget preseero megeetmee syeeems

sesss Cm e recs e secs see eAFW Type Cepecer a Type Cepee.4. Capsen, e Type Cepeen, Co,een,

Plant 9tesse Vender Must Lease POMyrsw Meest Ptosso Dreve toen 9 peu Ptosos Ptoso men 9 see~ see 9 PO8W Puses Paesie see 9 pues es=,9 Posev sneese

Keesunse W 1650 2 212 51 2 M 280 9 1235 3 FD 60 60 2 Core 700 9 too? O set

? T 280 9 9235

J___ vensso C4 2630 3 2i3 UT 2 M 500 9 1700 3 Core 150 @ 2950 150 Sune es emyrg perys (y

1 7 50D 9 ff00 t FU 39 30

men =re t & 2 W 3825 4 3/3 5? 2 M e50 91655 2 Core 150 9 25'4 150 2 Core 400 9 1106 { 0 W

t T 903 9 1730 t 90 55 55

2 C4 2560 2 212 UT 2 M 300 9 1956 3 80 44 44 . 3 fore 315 9 1004 0

t T 900 9 1056

___ _3 W 341i e 2s3 51 2 M 575 9 1290 3 Core 150 9 2000 150 2 Core 425 9 tS00 0 W
1

1 Y t150 9 1290

.:. Amo 1 & 2 W 2775 3 273 StF 2 M 350 9 121s 3 Core 150 9 2500 150 Same se caraL chsprg m: top .

t 7 700 9 1214

G 1,2. & 3 USW 2568 2 1/2 OT t M 500 9 1050 3 Core e50 91700 270 Same se eneryng ,.- g

1 T 1000 9 1050

P- -- C4 2530 2- 2/3 UT 1 M 415 $ 1993 3 fB 40 40 3 Core 300 9 toes 0 (g)

- * T 415 9 1193

Pese weres 1,2 & 3 C4 3000 2 Osa UT 1 M 750 @ 1422 3 #D ** 'e/A 2 Core 914 9 1233 e

f T 750 9 1422

Peers h'.1 S 2 W 1518 2 2r2 seF 1 M 200 9 1192 3 FD 60.5 60.5 2 Core 700 9 1750 0 get tot

i T 400 9 1192Q

re ta#ena 1 & 2 W 1950 2 2/2 51 1 M 200 @ 1200 3 m 50.5 60.5 2 Cert 700 9 1082 0 f )14g
1 T 200 9 1200

Rnfo Sets Osw 2712 2 112 OT 2 M-T see p 1ts2 3 Core 400 W 1900 270 Some as enryrg ;.m. (mt

T 8e0 9 1162

R__ W 2200 3 2/3 e4F 2 M 300 g 1300 3 pg 17 77 3 Core 375 9 1750 0 tot

t T n00 9 1300

sneern 1 S 2 W 3338 4 2r3 5t 2 M 480 9 1300 2 Core 150 9 300 150 2 Core erst 0 to)

t T 900 9 1550 1 70 99 09

San Oneste 1 W t347 3 2/2 27 1 M 235 9 1035 2 Core 0 9 2e00 0 Sermo es cere_ ct:aryeg ,4 to)

1 ' T 100 9 1110

San Onoere 2 & 3 C4 3190 2 Or2 UT 2 M 980 @ 1232 3 fB de 44 3 Core et5 9 1227 0

1 7 000 9 1232

Someroot W 3411 4 gi3 F 1 M 710 @ 1322 2 Core 150 @ 2000 150 2 Core 425 9 1750 0 get

t 7 710 9 1322 1 70 98 99

Lmen1&2 W 3411 4 2/3 51 2 M eso 9 1257 2 Ceg tSO @ 25td t50 2 Core 425 9 1064 0

t Y 400 9 1257 1 50 55 55

L--- Hems a W 2785 3 3r3 UT 2 M 400 9 1295 3 Core 150 9 251e 150 Serre se core. eneyr'0 c ' .

1 T 900 9 1265

Sourn Teses 1 & 2 W 3817 e 2/3 F 3 M W 9 1435 2 Core too @ 2513 160 3 Core 900 e 1235 0

1 7 540 9 1435 t EU s5 35

$1. Luces 1 & 2 C4 2560 2 2r3 UT 2 M 250 9 1200 3 50 4e 44 3 Core 385 9106e 0

1 T Soo 9 1200

00
D
O
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Table 7-2. PWR System Comparisen - RCS, AFW, Charging and HPSI
(Continued)

ase - Co-M 3,-- ~.-, - 3,em- C er9e. - .e.e - ,---

NSSS Core 8 f4CS # RCS SsG e AFW Type Cepecey e Type Capeciey Cepecey e Type Capacsey Capecsty
Plant stemme vesider SWt Lease POftWr$W Wodos pwege Oriee spou 9 seu p%seen Ptmue p 9 pois sueSPONW Puego Ptene ese 9 sein esp 9PCRV testee

Ssmmer W 2785 3 aret. UT 2 M e 9 1211 3 Core tSO 9 era 150 Same as cost em pur'pe
1 T toto 9 1211

Surry 1 & 2 W 2441 3 213 StF 2 M 350 9 1183 3 Care 15e 9 2485 *50 se== as cent cemurpeg pirvs up
i T 700 9 1193

T Ms-1 BSW 2535 2 112 OT 1 M eso p ere 3 Core 400 9 1900 270 Se'w as cho pag pumps
t T 920 $ tre

Trogan W 3411 4 2s3 51 1 i 990 9 1414 2 Co e v50 9 2900 550 2 Core 425 9 17Co c ta;

1 O 900 9 1874 1 sc 96 99
rirney Peen 3 & 4 W 2208 3 2r3 44F 2 T 900 9 12D3 3 30 FF 77 2 Case 100 9 1730 0 ta)

vogne s & 2 W 3e11 4 2r2 51 2 as . eso 91517 2 Co e 150 9 25te 50 2 Co o 425 9 1962 o top
t T 1117 9 1517 1 8U ' 98 9 se* 98

menertere 3 C1 3390 2 012 UT 2 M 360 9 2673 3 80 ** O 2324 44 3 Core 300 9122F 0
1 7 700 9 2673

vuons ear 1 & 2 W 3411 4 213 51 2 es 470 9 1900 2 ese 150 9 2514 150 2 Cars arm. O tap

1 T 940 9 1900 1 89 98 9 3200 99

Wass Cesen W 3411 4 213 F 2 to 800 9 1387 2 Core 190 9 2Ste 150 2 Care 425 9 1161 0 tsp

1 7 1200 9 ?387 1 70 48 9 2514 99
Yansees Rome W 600 4 ff2 27 1 T GU 9 1200 3 Case 33 33 3 Core TST e 650 0 (a) te#y

Zert 1 & 2 W 3250 4 273 51 2 R8 453 9 1343 2 Co e tSo 9 2000 t50 2 Core 400 9 toes o tal
1 T 400 9 1343 i 59 98 98

00
D
C

- - - -
- . . _ . _ _ _ - - - . _ _ - - - - _ _ - _ - - . _ _ _ _ _ . . - _ - _ - -.
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Table 7-2. PWR System Comparison - RCS, AFW, Charging and HPSI
(Continued)

General Note:

All pump capacities are stated on a per-pump basis. AFW pump capacity is stated in terms of rated capacity. Clutrging and
high pirssure injection pump capacity is stated in terms of rated capacity and approximate capacity when RCS pressure is at
the PORV serpoint (i.e. for " feed and biced" operation).

Codes used in this table include:

Type drive- M = clectic motor
T= steam turbine

Type pump: PD = positive displacement,

| Cent = cc-trifugal
! RCS PORV/SV: number of RCS power-operated valves (first

number) and safety valves (second number).i

; S/G model: UT = U-tube (see note (a))
| g OT = once-through

w
: Notes:

(a) The Westinghouse small inventory stcaa generators (series 27 and 44) require twice the feedwater flow to prevent

( dryout as compared to the later versions (series 51 and F). 'Ihc exception is Yankee-Rowe (ref. NUREG/CR-3713,
i Section 3).

(b) At Point Beach, and D.C. Cook, the motor-driven AFW pump in each unit can feed steam generators in both units.
(c) Ginna has a main AFW system with two motor-driven and one turbine-dsiven pump as well as a standby AFW

system which has two motor-driven pumps located in a separate area.
(d) At Prairic Island, the motor driven AFW pump at each unit normally supplies the opposite unit.
(c) At Yankee Rowe, charging and SIS provide backup for AFW.
(f) Maine Yankee has a variable capacity auxiliary chargmg pump (10 to 30 gpm) in addition to three main charging /IIPI

pumps.
(g) At Palisades, two charging pumps are fixed capacity and one is variable capacity. 'Ihe turbine-driven pung at

Palisades is not safety related..
.

(h) Rancho Seco has one AFW pump with a tandem steam turbine /electnc motor drive.
,

'O
O

l

!

.__ _ _ = _ _ - - _ _ - . _ _ _ - . _ _ - _ , _ __ .- ._ _ ___ _- __._~ ._.-- -__--_ -____ - _- _ - - -_- -_ _, _- _ J _ _- __
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Table 7-3. Coseparison of PWR Pressuriser Relief Capacity

:

MSSS iSCS Ma nuf acturer Capacity Lowest 's RCS Cepecity Lowest
Pleni, Nome Vendor PORV's (lbIhr/MWt) Setpoint (pole) SV's ( KI bIh r) Setpoint (psle) ;

ANO-1 B&W 1 Dresser 38.9 2255 2 234 2500
315 33VX

~
--- --- 2 280.6 2500ANO-Te C-E 1 None

Beaver Valley 1 & 2 W 3 Masoneilan 79.9 2335 3 345 2485
i

i 38-20771
Belieft e 1 & 2 B&W 1 Unk. 160* 2295 2 500 2500

. ,

f

Braidwood 1 & 2 W 2 Unk. 210* 2335 3 420 2485

Byron 1 & 2 W 2 Unk. 210* 2335 3 420 2485

Callaway W 2 Unk. 210* 2335 3 420 2485

i ? '
' * Calvert Cliffs 1. a ? OC 2 utesset 56.7 2385 2 222.2 2485

315 33VX
Catawba 1 & 2 W 3 Unk. 210* 2485 3 420 Unk.

Csi- nJw Peak 1 & 2 W 2 Unk. 210* 2185 3 420 2485

Crystal River 3 B&W 1 Dresser 40.8 2255 2 254 2500 ,

; 315 33VX
D.C. Cook 1 W 3 Masoneelan 64.6 2335 3 129.2 2485

!

D.C. Cook 2 W 2 38-20721 61.8 2335 3 123.5 2485 '

f C vis Besse B&W 1 Crosby 40.4 2255 2 242 2435
i HPN-SN

Diablo Canyon 1 & 2 W 3 Unk. Unk. Unk. 3 Unk. Unk.

w

>

n .. , ,, - , - . - , - - , , < . - . ~ - . ..- .,.,,.., . . - . . . , _ , , . - - - _ - _ - - _ _ . _ _ _ _ _ _ - _ _ - . - - . - _ _ _ _ _ _ - _ - . _ . _ . _ - - - - - . _ -.
-

-

.
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Talde 7-3. Comparison of PWR Pressurizer Relief Capacity (Cont *mmed)
,

|
,

NSSS #RCS Manufacturer Cepecity Lowest e RCS Cepecity Lowest
Plent Nome Vendor PORV's (lbthrlM Wt) Setpoint (psin) SV*e (KIbihr) Setpoint (psin)

Farley 1 & 2 W 2 Copos-Vulcan 79.2 2335 3 130.1 2485
D-100-160

Fort Calhoun C-E 2 Dresser 69.7 2392 2 281,7 2485
l 315 33VS

| Gona W 2 Copos-Vulcan 117.8 2335 2 189.5 2485
| D-100-160

| Haddam Neck W 2 Copos-Vulcan 115.1 2270 3 160.7 2485
| D-100-160

| Indian Point 2 W 2 Copos-Vulcan 78 7 2335 3 147.9 2485
D-100-160'

Indian Point 3 W 2 Copos-Vulcan 78.7 2335 3 147.9 2485
D-100-160

i Kesseunee W 2 Copes Vulcan 106 2335 2 209.1 2485
Y D-100-160
o Mame Yanhoe C-E 2 Dresser 57 2385 3 228.1 2485 - 1

- 315 33VS-30
,

McGuire 1 & 2 W 3 Unk. 210* 2335 3 420 2485

Millstone 2 C-E 2 Dresser 59.8 2380 2 231.3 2485
i 315 33VS-30

Mdistone 3 W 2 Unk. 210* 2335 3 420 2485

North Anna 1 & 2 W 2 Masonedan 76 2335 3 137 2485
38-20721

Oconee 1,2 & 3 B&W 1 Dresser 41.7 2255 2 254 2500
315 33VX

| Palisades C-E 2 Dresser 60.5 2385 3 272.7 2485
i 315 33VX ;

Palo Verde 1,2 83 C-E O None --- --- 4 Unit 2485
'

l I

w

;

i

,

r _. _ _ _ _ . _ _ . _ _ __- _ . . _ _ _ . _ _ _ _ _ _< __.___._1 ___.s__.._____.____.___ _ _ . _ _ _ - + _ _ _ _ _ _ ~ _ _ _ ~ _.- ,w- --___:.__2 - . + - __ -m________________._____.._.._..____..2_
__



Table 7-3. Comparison of PWR Pressuriser Relief Capacity (Continued)

MSSS #RCS RBenufacturer Cepecity - Lowest 8 RCs Cepecity Lowest

Plsat Meme Vender PORV's (l b Ih rIIIW t ) Setpoint (psie) SV's (KIbIhr) Setpoint (psie)

Point Beach 1 & 2 W 2 Copos-Vulcan 117.9 2335 2 189.7 2485
D-100-160

Prairie Island 1 & 2 W- 2 Copos-Vulcan 5 2335 2 209.1 2485
D- 10 0- 16 0 ;

RanchoSom B&W 1 Dresser 40.4 2255 2 249 2500
315 33VX

Rotunson W 2 Copos-Vulcan 95.5 2335 3 130.9 2485
D-100-160

Salem 1 & 2 W 2 Copos-Vulcan 63 2350 3 125.8 2485
D-100-160

San Onofre 1 W 2 ACF Industnes 80 2190 2 178.2 2500
70-18 9 DRTX

San Onofre 2 & 3 C-E O Nono --- --- 2 Unk. 2485

% Seabrook W 2 Unit Unk. Unk. 3 Unk. Unk. |

Sequoyah 1 & 2 W N/A Unk. Unk. Unk. Unk. Unit Unk.

Shearon Harris 1 W 3 Unk. 210* 2335 3 380 1485
i
'

South Texas 1 & 2 W 2 Unit 210* 2485 3 505 2485

'
St. Lucie 1 & 2 C-E 2 Dresser 59.8 2385 3 234.4 2485

315 33VS-30 ,

Summer W Unk. Unk. Unit Unk. Unk. Unit Unk.

Surry 1 & 2 W 2 Copes-Vulcan 86 2335 3 120.5 2360 !

lA58RGP
T Ml-1 B&W 1 Dresser 38.9 2255 2- 243 2435

3'S 33VX

>

-_ - - - _ _ _ _ - _ _ _ _ - - . . _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ - . _ - _ _ _- -~ . - . , , . - . . . - . . . - - . _ , .--,.-.. -

. . . . - , , .-. - - - - - - - . . - . - . . . - _ _ .-
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Tatde 7-3. Consperison of PWR Pressorimer Relief Capacity (Continued)

1
MSSS #RCS ISenufacturer Cepecity Lowest e RCJ Cepeetty Loweet

Pfent Neme Vender PORV*e (l bih riIIW t) Setpoint (pela) SV*o (KIbihr) Setpoint (pslal
Trojan W 2 Copes-Vulcan 61.6 2350 1 123.1 2485

D-100-160
Turkey Point 3 & 4 W 2 Copos-Vuiacn 95.1 2335 3 132.8 2485

5-131642
Vogde 1 & 2 W 2 Unk. 210* 2235 2 420 2485

Waterford 3 C-E O None 2 420 2485--- ---
;

,

Wans Bar 1 & 2 W 2 Unk. Unk. Unk. 3 Unk. Un6L
-

,

Wolf Creek .W 2 N/A 210* 2235 3 420 2485

Yardise Romme W 1 Dresser 118 2400 2 153 2485
Y 31533 VX
U Zion 1 & 2 W 2 PVulcan 64.6 2335 3 129.2 2485

D-100-160

| * Kitvhr rating i

|
|

|

| !
|

| h

!

!

'
1M

|

| !

.

v k

i
5

i
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Table 7-4. Comparison of PWR Contain:nents
;

,

1

MS96 Arch./ P rime. Concreee laternoi Cenestessons Design Deefgn EZ_ ___
' Plane Noene Vender Engineer Come. Cemetraction Cemetreetten Diesureter Fece Votesse Pr swee Leek Rose SeNetag?

Tyse Setitirse (feet) (f t 31 isola) % eopdov

; ANO-1 84W 9eechet Dry Cenensee Cyesuper w/ 3-D 116 2.09E+06 59 0.2 fer
Sesel Liner Preserosood; !.

' AN O-2 C-E Soechol Dry Concrete Cyaneer w. 3-D 116 1. 78E + 06 54 0.1 pe

Seest Liner Preseressed
~9e.ver Vamoy 1 & 2 W Stone S Sub Concrete Cyaneer w/ Rumforced 126 1.80E+06 54 0.1 fen

Webseer Aen. Seems Liner
.

,

i senset.ee 1 & 2 84W M Dry Concrees Cyteefer w/ 3-D 135 3.80E+v6 50 0.2 Ves :

, Sesef Liner Preseressed
! Oranswooc 1 a 2 W Segere Dry Concrees Cyanser w/ 3-D 140 2.90E + 06 61 0.1 pas

& Lundr Sesel Liner Preseressed
4

i Syren 1 & 2 W Sagerie Dry Concrete Cyeneur et 3-D 140 2.90E + 06 61 0.1 per
,

!

a tuner Sesel Unor Preseressed

Cammesy W Soechal Dry Concrete Cyaneer wt 3-D 140 2.50E+06 60 0.1 pee

Seest Liner Presteseed ,
.

'
Capvert CaIIs 1 & 2 C-E 9easiet Dry Concesse Cyeneer wt 3-D 130 2.00E+06 50 0.33 pas

Sesel liner Preserosoodq
/. Ceasete1 & 2 W Dies Ice Steel Cyanser Remeercee 115 1.22E+06 30 0.2 m
w Power cent

Comanee Peak 1 & 2 W m& Dry Concrete Cyander w/ Romforced 135 2.9eE + 06 50 0.1 fen 6

Hill Sesel Liner
| Crystal River 3 84W Gelopert Dry Concrees Cyander w/ 3-D 130 2.00E+06 55 0.25 per

! Soest uner Presteseed
! D.C. Cook 1 & 2 W MP km Concrees Cyssider w/ Romforced 115 unk. 12 0.25 pas

Cond Moel Liner'

Dawes 9eese Saw Seatfest Dry Seest Cyender --- 130 2.8 7E+06 40 0.5 m

Olshto Canyon 1 & 2 W Par.Ges Ory Conenses Cytmeer w/ ReeWorced 140 2.63E +06 47 0.1 per

a Elect. Sesel Liner

j Farley 1 & 2 W 9eemel Dry Concreto Cyander er 3-C 130 2.03E+06 54 0.3 per

' Steel Liner Prestressed

| Fort Calhoun 1 C-E Geen & Dry Concross Cylmder w/ 2-D Diag 110 1.05E+06 60 0.2 fez o

i Hill Seest Liner Preseressed i
'

| Game W Giltport Dry Concrete Cytnder w/ 1-D Vert. 105 9.97E+05 60 0.1 pt

Sesel Liner Presereened
,

i

*

,

i

1
___ . _ _ _ _ _ _ _ _ ___ _ _ _ . . ._ .a .- _ . . _. . . . - . _ . - _; ._ - . - .. . . , . _ - _ _. _. --. _ . . . _ _ _ _ _ _ _ _ _ _ _ _ __
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Table 7-4. Consperison of PWR Containneents (Continned) -

80968 Arch.t Prime. C w sese Internet Coneetesment Doo4gn Design E=___

| | Vender.'d "--' Engineer Cent. Cemetraction Conservetten Diesseter Free Vetense Pressere Leets flees Seefdeng?

Type Sceptvee (foot) (1131 (sola) % vot! der

Hessun Net * W Senne s Dry Concreen C,LA wt Romitorced 136 1.71E+06 40 0.1. m.

Webster Sesef uner

| Ineast Powit 2 W tEG Dry Concrees C,LA wt * Rowisarced 135 2.61 E+06 47 0.1 2

Sesef Unwr

inean Point 3 W LEC Dry Concroce C,6 A w/ Renterced 135 2.61 E+ 06 47 0.1 2-'

Sesef Uner

Moemmee W Psoneer Dry Seest Cyender -- 108 unft 46 0.5 Yes

Mare Yanhoe C-E Same & Dry concrete C,LA w/ ReeWorced 135 1.86E+06 55 0.1 m

Webster Stoot Uner

McGure 1 & 2 - W Dides arm Concroce Cyeender w/ Reettorced 115 unst 28 0.2 2

P-- Cand. Sesel Unor

Meestone 2 C-E Beechol Dry Concrees C,LA of 3-D 130 1.92E+06 54 3 - Ya6

Sesef Unor T.ns osed

Massone 3 W Seons & See Concreen C,6A w/ Rosieorced 140 t.03E+07 45 0.9 vus

Y Webster Aen. Sesel Unor

Z Norts Anna 1 & 2 W Stone & Ste Concrete CyL A w/ Rewiforced 125 tm8L 45 0.1 m

Webster Atrn Steel Uner

Oconee 1,2, & 3 B&W Duke / Dry Concrete C,LA w/ 3-D 116 1.91E+06 59 0.5 Pe

Batchel Seest Unce Prestrsi,.,1

Pansades C-E Beeches Dry Conoese C,L A w/ 3-D 116 1.60E+06 55 0.2 m

Seset Uner Prestressed

Palo Verde 1 43 C-E Beechol Dry Concrete C,LA w/ 3-0 146 2.60E+0S 60 ur* . 2

Steel Uner Prestressed ,

Posit Beach 1 & 2 W Beechet Dry Conoose C,LA w/ 3-D 105 unet 60 0.4 m

Steet Uner Prese w

Prawee is6and 1 & 2 W Peoneer Dry Sesel C,~ - --- 105 vre. 41 0.5 Ves

Rantfio Seto B&W Beechet Dry Concrees C,LA w/ 3-0 130 t .9eE +06 59 0.1 m
Saoel Uner Prestressed

Robenson 2 W h== Ory concreto Cytre w/ 1.D vert. 130 2.10E+06 1 42 0.1 2

Steel Uner Prestressed

Sneem 1 & 2 W PSEAG Dry Concrete C,LA w/ Reenforced 140 2.62E+96 47 0.7 m

Steel Unst i

tab

r
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Table 7-4. CosapariSon of PWR Containneents (Continued)

seses Aren.i ers es. Concesee internes Co ees.m e oeong. ooseen Emetesore
Peont Nome Vender Engineer Cent. Cenetreetion ConstrecHen Olemeter Free Velease Pressere Leek lease SoHeing?

Type Soeptree (feet) i f131 fools) % wet / der
San Once,1 W Boemas Dry SamoISphere --- 140 1.44E +06 47 0.5 Vus

San Onofre 2 a 3 C-E Beechol Dry Concroce Cyander w/ 3-D 150 2.34E+06 60 0.3 fe

Seset Urer Prestressed
Somerook 1 W tfC Dry Concrees Cyander w/ Romsorced 140 2.70E+06 - 65 0.5 Yus

Saees U w
Sospseysh 1 & 2 W Tm ace Samos Cyender --- 105 tsnk. 10.8 0.5 Vus

Cauf
Sheeron Harns 1 W Ehmuno Dry Concross Cyhnder of Rosnearced 130 2.50E + 06 45 0.3 Pts

Sese8 Uner -
Souen Tomas 1 & 2 W 8tten Dry Concrees cyander w/ 3-D 150 3.30E + 06 56 0.3 fe

Sesel Unor Prestressed
St. tucas 1 & 2 C-E R umrn Dry Sesse Cyesneer --- 140 2.50E + 06 44 unk. vas

Summe- W Gestport Dry Concsees Cyander w/ 3-D 126 unk. 55 0.2 ft

Seses Uner Prestressed
5 Surry 1 & 2 W Stone a Sut> Concsoes Cyhnder w/ Rosnearced 126 1.80E+06 60 0.1 fe

Webseer ern. Saees Uner
T aull-1 84W Galtport Dry Contzeep Cyander w/ 3-D 130 2 00E+06 55 0.1 N

Seset Uner rveseessed
Trojen W Bocches Dry Concuese Cytmeer w/ 3-D 124 2.00E + 06 60 0.2 N

Semel Unor Preseressed
,

Turley Posnt 3 & 4 W Beemet Dry Concrees Cyander w/ 3-D 116 1.55E + 06 59 0.25 ft

Saeef Unor P eseeemed;

| Voges 1 & 2 W Beechol Dry Concreto Cyteder wr 3-D 140 2.70E+06 52 0.1 fe;

Setel Uner Preseressed r

Wesortord 3 C-E R==n Dry Sesel Cyander --- 140 2.68E + 06 44 0.5 Yes

Wees Bar 1 & 2 W %*. . km Seese Cytnder --- 115 unet. 15 0.5 Yesg
Cond

WoS Creek W Beechol Dry Concreto Cytmder w/ 3-D 135 2.50E+C6 60 0.1 fe

Seset Uner Preseressed
Yardue Rose W Sene& Dry Bare Sesel Sphere --- 125 1.02E+06 34 3 fe

Webster
Zen 1 & 2 W Sergent Dry Cnneroes Cytmeer wt 3-D 141 2.86E * 06 47 0.1 fe

& Lundr Sesel Uner Prestressed

!

)

__ .
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Tatde 7-5. Consperison of PWR Backup Electric PWwer Syssesus -

Shared Dedicated Continuous # of

NSSS Diesels Diesels Rating Diesel Betteries

Reector Plant Vendor per- Plant per Unit -(k W) Wenufacturer per Plant Voltage Notes

ANO-1 B&W tene 2 2750 Gen. Motors 2 125

ANG-2 C-E None 2 2850 Fairbanks-Morse 3 125

Beaver Valley 1 & 2 W None 2 2600 Gen. Motors 5* 125 *Unet 1
4** ** Unit 2 (2 are dieset ba ts1

Bellefonte 1 & 2. B&W None 2 7000 DeLavage 4 120 *Per 6.9 kV diesel generator

Braedwood 1 & 2 W None 2 5500 unk. 2 125

F

Byron 1 & 2 W None 2 5500 unk. 2 125

Callaway W None 2 6201 unk. 2 125
y

L
O Calvert C#ffs 1 & 2 C-E 3* 2500 Fairbanks-Morse 4 125 "One diesel is sunng

between units

Catawba 1 & 2 W 1** 2 7000 unk. 7** 125 *Desel batt. **1 DG and 3
- 2* 125V DC batts for safe shtdwn

Comanche Peak 1 & 2 W None 2 7000 unk. 2- 125

Crystal River 3 B&W Pene 2 2750 Fairbanks-Morse 2 125/250

D.C. Cook 1 & 2 W None 2 3500* Worthington 4 250 ~ Unit 1
** Unit 23600** Worthington

Davis-Besse B&W None 2 2600 Gen. Motors 4 125/250

Diablo Canyon 1 & 2 W 1 2 2600 Aloo 6 125

Farley 1 & 2 W 3 2600 Fairbanks-Morse 7 125

2 4600 Fairbanks-Morse

ta
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Tatple 7-5. Consparison of PWR Backup Electric Power Syssesus (Contirmed)

Shored Dedicated Continuous e of

NSSS Diesels Islesels Rating Diesel Setteries

Reector Plant Vendor por Plant per UnM (kW) Manufacturer por Plant Voltese Notes

Fort Casioun 1 C-E . Pens 2 2500 Gen.Masors 2 125

Ginne W None 2* 1950 Alco 2 120 ~480 VAC dosel generasor

H=ren=n Nedk W None 2 2850 unk. 2 125

Indian Point 2 W Pene 3 1750 Alon 4' 125

Indan Point 3 W None 3 1750 Aloo 3 125

Kometmoe W None 2 2850 Gen. Motors 2 125

Maine Yardies C-E None 1 250 unk. 4 125
y

2 2500 Osn. adoeorsL
4 McGu6te 1 & 2 W None 2 4000 'unk. 4 125

hellstone 2 C-E None 2 2750 Fairbanks-Morse 2 125

| Milistone 3 W None 2 4986 Fairbanks-Morse 4 125

I
| North Anne 1 & 2 W None 2 2750 Fairbanks. Morse 8 125

Oconee 1. 2 & 3 B&W 2* 87500* .unk. 4 125 * Moourse Darn tpcarc
generators

Patsados C-E None 2 2500 Alco 2 125

Palo Verde 1,2 & 3 C-E tene 2 5500 unk. 4 125

:

Point Beacts 1 & 2 W 2 2850 Gen. Motors 2 125 l

I |

| bJ

vs
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Tatde 7-5. Co._ parison of PWR Backup Electric Power Systenus (Continued)

..

Shored Dedicated Continueuel # of

NSSS Diesels Diesels Reting Diesel Setteries

Reector Plant Vender per Plant por UnN (kW) Manufacturer per Plant Voltese peotes

Prairie Island 1 & 2 W 2 2850 Gen. Deators 4 125

(tr~t : 999-20)

Rende Seco j,B&W mne 2 3500 unk. 4 125

2 2750 Gen. Reasors

Rotunoon 2 W mne 2 2450 Fairbanks-Georse 2 125 * Descoeed shtadourn spesel

1* 2500 Fairbanks-Roorse generator

3 2600 Alco 6 125
Salem 1 & 2 W

1* 40000* 2 250 * Gas turtune ,e

San Onofre 1 W None 2 unit ur*. 2 125

San Onofre 2 & 3 C-E mne 2 6000 DeLavais 4 125

Seatwock 1 W mne 2- 6083 Fairbanks-teorse 4 125

y

00 S=Mah 1 & 2 W Nons 2 3600 Bruce GM unk. unk.L

Sheeton Harris 1 W Nore _2 6500 unit 2 125.

South Texas t & 2 W None 3 5935 Ce---0-y, unk. unk.

S.s h

St. Lucio 1 & 2 C-E ene 2 3500 Gert taosors 2 125

Summer W None 2 4250 Fairbanks-Georse unk. unit

Surry 1 & 2 W. 1 1 2850 Gen. RAccors 4 125

Three RAde island 1 B&W None 2 2600 Fairbanks-Roorse 2 125/250

Trojan W None 2 4418 Gert Manors 2 125
1 250

ta

- - - _ |
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| Table . 7-5. Comparison of PWR Backup Electric Power Systems (Contioned)

Shared Dedicated Continuous . # . af
MSSS Diesels Diesels Reting Diesel Setteries

Reector Plant Vendor per Plant per Unit (kW) Manufacturer per Mont Voltage Notes
Turkey Point 3 & 4 W 2 2500- Sdioonmaker GM 4 125

Vogue 1 & 2 W ftne 2 7000 unk. 4 -125
i
!
' Waterford 3 C-E Ftne 2 4400 unk. 3 125

Watts Bar 1 & 2 W None 2 4750 Fairbanks-Morse unk. unk.

Wolf Creek W None 2 6201 unk. 4 125
.i

j Yartoe Rouse W None 3- 400 Gen. Motors 3 125 ~480 VAC diesel generator

! Zion 1 & 2 W 1 2 4000 Cooper-Bessemer 5 125y

i

,

ta

.
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Table 7-6. Comparison of PWR Power Conversion Systems (Continued)

8093$ Arc h ete ett Tushene Gen. T. n 2,, , Ce _ __ sposesse e mese FW FW Ploemp 58tuse# 8 tend CapeettyPtent seesmo Veeder Enmineer Cweserweter Cee. tagwer Cz' _ fW Coedma Tume tener Sase Pinesse Orlee Tune toelat t anee teacGuse 1 & 2 W DWr- Duker - 1125 100 OseeT W Lane Peerman .2 evet.no west t s.000
2 C.E hu Sachess 851 43 One Throngm atesem Bay 2 (% st tortene 910 15.000

h3 W seere s sene s tio2 40 came Tresign ansee 8ey 2(50s, twee.no 1.235 s o.e 50Wetzter Watase- t 13C%1 AC wait wt
. Peartes * ;.e 18 2 W Stone & Sese & St5 eo One Throupe Comang tone 3 thei%) AC See 1S.250
3 Wetener Wetener
C_ _1. 2. 4 3 SSW 8echseer Ouse r- 848 25 Ouo Design Lase sissenes 2 (75sp surtwo en*. 25.000ouhe power

etone seeshamens C-E anchsee Sectees 730 5 cm==6 Leap ^^.,i Cosang Tomass 2 twee.no 9. t * * - 13.500
Sitee seepuse weren t.2 a 3 C-E Sechoes Sacrose 1333 55 Cammmetsmp ^^ :. Casang Tamers (65sl turbane anat q, ret

*

pose essen 1 a 2 W 8echsee Sectees 485 40 OsseP g. Laan hacegert 2 (50sp AC 1.062 700
;

9981 amePrere amene 1 & 2 W FEB 5.^--. 503 10 Caummetemp tasch Cases, Tauss=e 2 (95 s) AC t.050 ene,samise poser
L _ Seue Saw M; Secomes eT3 15 Cummme t.sup 'est C-- , Tomme 2 tweeane 1.397 una.

.Q 1_. 2 . W Etmano Ekmano 845 40 Orum Dewy, Use n --- 2 AC t.040 12.990.

kJ.. Sesom 1 a 2 W PA L-- UE a C 1106 *O Osue Th.f. C sheer 2 (50s3 tvetwei, vast 1 S.e 13Eiscirce Gas
See somSan onsere t W Socrisse Secrees e3s to owe Doengre encec ocean 2 (50sp AC 1.185 14.000
8053 maanSan Owere 2 & 3 C.E 8ecrees Sectose 1080 onet Geo postgh % Ocast GnGL gnGL gnGL Untt

" ni W UE a C UE4 C i150 50 One P--4- -- Ocoon 2 (50sp tortwne enet t 7.200
S 1019 assa.0. ; ta2 W 7tst TM 1848 maat G L_;Syces %mt Centeg temer unet unet anst unet

S Toumanges her
O_ Hanne t & 2 W ''

Deewee | 860 et Casseetsup semL Cesang fumer 2 (50sp AC 1.517 15.115I
S 1031 seeSouei Tomas 1 & 2 W L'u R=== 1250 enet Camsmetemp -- 7000 Ac,o C , Pone unet aset ann _ unet

St. Luce 18 2 C-E Etmuss Enames e39 5 Orum TW. Asese Otomat 2 AC enet unet
Ca: -- - W Dansee Geteort ses onet Orue TP sup, Je=ime 8bwer unet noe. uret uret

-

Survy 1 & 2 W Seons & Sene & J8i e0 Oree' h.p. James 56wer 2 (SCs) AG unet 13.8CO ;Webster Websiser
T hel-1 84W GHeart UE S C 778 15 Cano estsep ment C_^ , Tower 2 torts.nr e,et unn.

.-

_.

- ._. _ . -- - . - . . . - -. . . - - -- -- - - - -



,i - j!j|j !'ji

.

.
.

_

y m a m a m m g
em m6 p

e l C o0 e0 aO m0 o 0t

s e0 s0 sC o* m0 s o0 0gL 6 0e.?8teo a.m.s e.9 0 c n 1 s
p a9 3s' 4 ar 93e o e50o3 t

9
2 eo t 1a

C s1 e e e e s1 9t 1 2 t 2

d
e
m
e 9 s 3 0i

ts a t 4 i at t 0
ae

t
0 4 e dt n m 8p e4 1 m 1

u a e
r su 1s o1 1 1e

m t

m
O

ey m; a ; ; ;
_ -

i u- C .

-

m
_

c Z z- C
- Cm T

- - L ;o A A; ^P A
t t , e t

;- -s- _ v -e ;

W)
rd F O

e
u W ) ; ) ) ) )

e% % % % s %n F
i e0 0 3 C 0r 1
t e m7 8 s 2 3 S 5

n es ( ( ( 8 ( (
a (

m P 2 2 2 2 2 1o
C e
(

s f
i u
m e

es
Pe e re ,

e
psee m e e gt l r r

e
.- w e n e ns _S i

hT c e e n- o oy I o n es T g i

S e C e ge g e g s

%
r

2
s , p e P uZt r

9 n o e , cn u C a es c eo A a
C eo C,

u
ss 9

L sa
si

te
t e L 0s m 8m m M 4a Lr N s e

e ev m

e _

_ gp p
go pn p

_

h
pT p

_ ao e : ee e
C R

it L n t T
T lis T

-- e e mo- a e
r C. c t un t t n r rna rCC O C O C O O Ge
w I

%o ,f
P ,

t t 0
2n 0 0 0 3 0 e e

4 4 4 6 4 n r 4

R ; e a
;^

_

W . u
;

.P iC
.

f n. eeo eB
GM 05 8 6 7 8 TG s 41 7 7 2 Se( 9 en
ew

0 s 0 0 t 1 01o 1 1 1 t 1 1

s t o
f ai eCr Jap er -

r

m . t e &

ee m D m W . N
ae ; e c et t

s s

se6 ey, s ewe

M.
e s a D e e

n eo a _t r sr c
C ee -Gu EnS -

P _e
C C

.
s4 t

hm ^-
e e

r a r

~r ts
s e- c s s

es t ea7 e en s t

c c e D
9et n-

t s e an =e =e c e e eb eo _ e m o s9 w9 ue a nS C 9 E S V
l r E
b A
a rT 8 e

d E
W W W W8 nW W W -

9 C8 e3 v

aene & 2m 3 &s
I

t s t
ee 2 3 1 m 2sn e 6 r e o0 a eB s
R 4a P.

l 1
^ C e tP n y e m na m s i

.

~
j e s e s o
r

r s e e me
I Iv

e e uv w v Y
.

.

,

.
b

YatJ o
t

>I I



,., , . . ..

8. BOILING WATER REACTOR (BWR) SYSTEM OVERVIEW

Reactor plant systems may be broadly classified as safety related or as non-
safety related. Light water reactor (LWR) safety related systems typically are considered to
be those that are required to perfomi any of t'.ie following safety functions:

- Contmlreactivity
Provide reactor core cooling and heat removal from the primary system-

Maintain reactor coolant system integrity-

Maintain containment integrity-

Control radioactive releases-

in order to ensure the performance of these " front line" safety functions, additional safety-
related systems are required to perform the following support functions:

Provide adequate motive power (i.e. electric, pneumatic or hydraulic motive-

wwer, direct steam turbine or diesel engine drive)
Aovide adequate control and instrumentation power (i.e., AC or DC electrical-

control power)
Provide adequate cooling of safety related equipment (i.e., cooling water,-

room air cool,ng)
Provide other support functions needed by front line or support systems to-

establish and maintain a safe shutdown condition

In their present form, the Nuclear Power Plant System Sourcebook series focuses on front-
line safety systems and on electric power and cooling water support systems.

In this section, an overview of BWR s
system functions, design, operation and interfaces. ystems is provided, focusing on basicIn Section 9, more detailed descriptive
information i , .esented on the different BWR models currently, operating in the U.S., and
comparative data summaries for BWR systems are found in Section 10. The reader should
refer to the available Nuclear Power Plant System Sourcebooks identified in Section I for
summary infomiation on safety systems at specific nuclear power plants.

8,1 Introduction to the Bolline Water Reactor
General Electric is the only supplier of Boiling Water Reactors (BWR) Nuclear

Steam Supply Systems (NSSS) currently operating in the United States. These plants
represent six General Electric " product lines", BWR/l to BWR/6, all of which utilize a
ditret steam cycle, and in this respect, differ from the Pressurized Water Reactors (PWRs)
which are supplied by other NCSS vendors, in the BWR direct cycle, steam is penerated
directly in the reactor core, passed through a steam separator and dryer assembly inside the
reactor vessel, and then routed to the turbine generator to produce electricity. After passing
through the turbine, the primary steam is condensed and returned to the reactor vessel by
the condensate and feedwater systems.

Control and removal of heat from the reactor and conversion of this heat into
usable electrical power requires a broad spectrum of operating and auxiliary systemt.
Additionally, safety systems are required to ensure that postulated accidents at the BWR do
not cause undue nsk to the health and safety of the public. The spectrum of " generic"
BWR systems is listed in Table 8.1-1. As indicated in this table, some systems are
normally supplied by the Nuclear Steam Supply System (NSSS) vendor. The remaining
systems, or the Balance-of-Plant (BOP), are supplied by the architect-engineer (A E) who
is responsible for the detailed integrated design of the plant.

8-1 3SO
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N.2 .BWR Primary Svmiern (the " Nuclear Baller") !

The " nuclear boiler" consists of the reactor vessel, the reactor core and internal
structures, and two to five external recirculation loo as containing the reactor coolant pumps
that drive the flow in the reactor vessel. BWRs have been built in a variety of reactor i

vessel sizes ranging from an inside diameter of 106 inches to 251 inches. The vessel sizes !
applicable to the six BWR product lines are summarized in Table 8.2-1 and a more detailed ,

|listing is provided in Section 10.
,

All BWR plants except the earliest natural circulation BWR/Is have external i
recirculation pump loops to drive primary coolant flow through the reactor vessel. In |

!

BWR/2 plants, recirculation flow was driven entirely by motor-driven pumps in the
external recirculation loops. As shown it: Figure 8.2-1, the recirculation water inlets enter i
the bottom of the reactor vessel, below the level of the core. !

Recirculation flow in BWR/3 and later plants is driven by the combined action s

of the motor-driven pumps in two external recirculation loops and jet pumps around the I

core barrel. The jet pumps provide approximately two-thirds of the recirculanon flow rate.
A representative.)et pump BWR (i.e. BWR/3 to BWR/6) nuclear boiler is shown in Figures
8.2 2 and 8.2-3. Details of the jet pump installation are shown in Figures 8.2-4 and 8.2-5. ,

Under LOCA conditions, the jet pump structures form standpipes that prevent breaks in the
'

recirculation loops from uncovenng the core (see Figure 8.2-6). liigh performance jet i

!

pumps were introduced in the BWR/6 product line, permitting a smaller annulus between
the reactor vessel and the core shroud for recirculation flow.

Reactor power control is affected by the innuence of variable recirculation j

flowrate on the rate of boiling and hence the void fraction in the core region. In BWR/2 to
BWR/4 plants, recirculation flow is controlled by variable speed motor generator sets |

Iwhich dnve variable speed reactor recirculation pumps. This control arrangement is shown
in Figure 8.2-7. The response speed of this means of recirculation flow control is limited i

1by the inertia of the primary pu,mps and the variable speed motor generator units that
1provide pum? power. The rectreulation system for BWR/5 and BWR/6 plants was

pump feature with constant speed reactor recirculation aumps and rec,ing the vanable speedsimplified and made more responsive to fast load transients by replac-

irculation flow control )
valves. This control arrangement is shown in Figure 0.2 8. i

Among the operating U.S. BWR plants, only Big Rock Point has an external 'l
steam drum for steam separation. All BWR/2 to BWR/6 plants have steam separators and |

dryers that are internal to the reactor vessel, in an arrangement similar to that shown in
'

Figures 8.2-1 and 8.2-2. Steam separators and dryers are illustrated in Figures 8.2 9 to
8.2 10.

Water level in the reactor vessel typically is measured by Yarway instruments |i

-that consist of a reference leg, a variable leg, and a differential pressure cell as shown in |

|
Figure 8.2-11. This instrument measures water levelin the annulus around the reactor

'

.
core. As shown in this figure, the reference leg and the variable leg are contained in a

L reflective metallic insulating sheil and are conne,ted to a differential pressure cell located |

6 outside of the drywell. Reactor steam conder.aes in the condensing chamber and excess
condensate flows back to the reactor vessel through the variable leg. This flow path keeps
the variable leg temperature near reactor coolant operating temperature, and the reference
leg is heated due to its proximity to the variable leg. The result is partial temperaturey
compensation for the reactor vessel water level measurement. <

|

Examples of reactor vessel vmter level instrument ranges are shown in Figure
8.2-12.' The 0" to +60" range is the " normal range", and the -155" to +60" range is the
" wide range". The +200" to -100" instrument is principally of interest during accident
conditions, and typically is referred to as the " fuel zone" range. The 0" to +400"
instrument is principally used to monitor vessel flood-up prior to refueling. Note that all

*

instruments do not have the same reference "0".
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N.4 Kenefor Core and Fuel Amammhllam
A BWR generates heat in a low-enrichment, light water cooled and moderased

core. A comparison of basic BWR core parameters is presented in Table 8.31, and a more
complete listmg is included in Section 10..

All BWR fuel assemblies consist of a square array of fuel and burnable poison
rods surrounded by a solid '' fuel channel". 'Ihe functions of the fuel channel are to position
the rod bundle, provide guide surfaces for the control rods that are inserted between the
fuel assemblies, and make possible flow orificing for the individual assemblies. The
design of the fuel assembly with the fuel channel surround;.1g the array of fuel rods is
important to the performance of the BWR Emergency Core Cooling Systems (ECCS). The
channel limits coolant flow through the core to flow in the axial direction. By preventing
radial flow, the channel helps prevent ECCS coolant from bypassing hot spots in the core.

Among the operating BWRs, Big Rock Point has a unique 12 x 12 fuel
assembly design. BWR/2 to BWR/5 plants were introduced with 7 x 7 fuel assemblies,
and the 8 x 8 fuel assemblies were mtroduced in the BWR/6. A typical BWR fuel
assembly for a BWR/2 to BWR/6 plant is shown in Figure 8.31, BWR fuel assemblies
for these plants have common extemal characteristics, but differ in the array of fuel rods
that fit within the fuel channel. Three basic variations currently are in use; the 7 x 7,8 x 8,
and 9 x 9 fuel assemblies. The 7 x 7 assemblies have a higher liner heat generation rate and
are more limited by fuel pellet-clad interactions (PCI) than the other two assembly designs.
Use of the 7 x 7 fuel assemblies is being phased out. A brief description of each type of
fuel assembly is provided below.

8.3.1 12 x 12 (Big Rock Point) Fuel Assembly
The 12 x 12 fuel assembly is a square array of 144 rods surrounded by a fuel

channel as shown in Figure 8.3 1. As in all BWR/2 to BWR/6 plants to follow, four fuel
assemblies are arranged around a single cruciform control rod. In the 12 x 12 fuel-
assembly,132 of the rods are fuel rods and the remaining 12 are "special" rods used to
minimize the local heat generation hot spot factor. The physical arrangement of this fuel
assembly with the fuel channel removed is shown in Figurr 8.3-2.

8.3.2 7 x 7 Fuel Assembly
The 7 x 7 fuel assembly was the original standard fuel assembly for BWR/2 to i

BWR/5 plants. The basic geometry of this fuel assembly is shown in Figure 8.3-3. All
49 of the rods were fuel rods, with an average enrichment of 2.12% U 235. Four fuel
assemblics are arranged around a single cruciform control rod. Plants with these fuel
assemblies operate at power densities from 36 kW/ liter (BWR/2s) to 51 kW/ liter (BWR/4s
and BWR/5s). Linear heat generation rate is about 18.5 kW/ft. Many of the plants that
originally used the 7 x 7 fuel assemblies have been retrofit with 8 x 8 and/or 9 x 9 fuel
assemblies.

8.3.3 8 x 8 Fuel Assembly
The 8 x 8 fuel assembly was initially introduced in 1972 in the BWR/6 product

line, it offers operating and safety advantages over the earlier 7 ~ 7 array, and has been
backfit into many earlier BWR product lines (BWR/2 through B wrJ5 series). The basic
arrangement of four fuel assemblies surrounding a cruciform control rod remains
unchanged, and the 8 x 8 assembly fits within the same dimensional envelope as the 7 x 7
assembly. As shown in Figurr 8.3-4, the 8 x 8 assembly design consists of 63 fuel rods
and one water rod. Average enrichment of a core with 8 x 8 fuel assemblies is in the range
from 2.43 to 2.83% U-235, somewhat higher than for a core with 7 x 7 assemblies, The
8 x 8 assembly incorporate thicker fuel channels and thinner control blades than the 7 x 7
design.

The change to 8 x 8 assemblies provides multiple benefits. First, the 64-rod
bundle provides a 13 percent increase in heat transfer surface over the 7 x 7 assembly.

\
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With the 8 x 8 assemblics, core power densit has been increased to $6 kW/ liter from the
51 LW/ liter available from the 7 x 7 assembl . Although core power density has incirased
with the introduction of the 8 x 8 :ssemb y, the individual duty on the fuel rods was
significantly decreased from a peak linear heat generation rate of 18.5 kW/ft to 13.4 kW/ft.
The lower peak linear heat generation rate provides significantly lower fuel operating

| temperature and reduces the rate and extent of fuel pellet expansion, thereby reducing
operational limitations from FCI and permitting longer fuel life and an increase in the
energy output from the fuel before the useful life of the cladding is reached. Average fuel
burnup is on the order of 30 GWd/tU. 3

The reduced linear heat generation rate results in lower clad stresses during
power transients, thus enabling faster load following and scram recovery. In addition,
clad temperatures are significantly lower during a postulated desi n basis LOCA. As aJ '

result, it is claimed that significant metal water reactions are prec uded and post LOCA

L hydrogen generation is reduced in comparison to the 7 x 7 assemblies. This is an i;

advantage that reduces the demands on containment combustible gas control systems and!

the need for containment inerting.

i8.3.4 9 x 9 Fuel Assembly
i The 9 x 9 fuel assembly is designed to be dimensionally and hydraulically I

|- compatible with 8 x 8 assemblics. The 9 x 9 fuel assembly offers a lower linear heat ,

' generation rate than 8 x 8 assemblies, and thereby further reduces the operational
limitations associated with pellet-clad interaction (PCI). Average enrichment for the 9 x 9
fuel assemblies designed by Exxon Nuclear is 3.15% U 235. It is estimated that the 9 x 9

iassembly design allows an average fuel bumup on the order of 36 GWd/tU to be achieved
(about 20 percent higher than for 8 x 8 fuel assemblies).!:

8.4 Reactivity Control Systems ,

BWR reactivity control is by three independent systems; (a) the Reactor
'

|
Recirculation Flow Control S stem, (b) the Control Rod Drive liydraulic System
(CRDHS), and (c) the Standby quid Control System (SLCS). The Reactor Recirculation

' Flow Control System operates n conjunction with the main turbine pressure regulator
| controls to provide automatic load following. Reactor power control is effected by the
l influence of variable recirculation flowrate on the rate of boiling and hence the void fraction >

in the core region. 'Ihe negative moderator void coefficient that is characteristic of the BWRl-

tends to reduce power as the rate of boiling increases. In early BWR plants (i.e., BWR/2'

to BWR/4), recirculation flow is contmlled by variable speed motor-generator sets which ,

drive variable speed reactor recirculation pumps. In BWR/5 and BWR/6 plants, this
H control function is accomplished with control valves in the recirculation loops. In some
! BWRs, the recirculation pumps are uipped in response to an Anticipated Transient Without

Scram (ATWS) in order to cause increased boiling in the core and a rapid insertion of |
*

negative reactivity due to the higher void fraction in t ac core.
The CRDHS provic es control for both long and short-term reactivity chanJes +

(e.g., startup, shutdown, operational transients, fuel burnup, and xenon effects) anc is
used for rapid shutdown (e.g., reactor tri or scram). All BWRs have bottom-entry control
rods that are individually controlled b hydraulic control units located outside of the
drywell. A typical BWR control rod is own in Figure 8.41 and the rod drive is shown '

in Figure 8.4-2. A hydraulic control unit (HCU) is illustrated in Figure 8.4 3 and .

associated controls for a typical BWR are shown in Figure 8.4-4. Each control rod is -

L
driven by a double acdng hydraulic piston, and normal rod control requires coordinated

| action of the directional control valves (see Figures 8.4 2 and 8.4 4) to properly align high--

pressure hydraulic fluid (water) to one side of the piston and open an exhaust path from the
other side of the piston.

Reactor scram is accomplished by opening the scram inlet and outlet valves in
all hydraulic control units (see Figure 8.4-4). The scram inlet valves align the high-
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pressure scram accumulators to the " insert" side of the control rod pistons and the scram
i

outlet valves align the opposite side of the control rod pistons to the low pressure scram
discharge volume. The result is rapid insertion of all control rods into the reactor core,
Scram is impicmented by deenergizing both scram pilot valves in each hydraulic control

s

;
unit. Alternatively, scram can be implemented by energizing either of the two backup
scram pilot valves that are in the air supply path to all hydraulic control units.

In some BWRs, an additional set of pilot valves has been installed in the scram ,

valve air supply. The function of these valves is comparable to the tiacku ) scram pilot
,

valves, however, they are actuated in response to an ATWS by the Alternate Tod Insertion
(ARI) system which has an actuation logic that is independent and diverse from the RPS.
The ARI system has been added to improve the reliability of the scram system and decreasu

;
;

the likelihood of an ATWS.
The Standby Liquid Control System (SLCS), consists of redundant trains of

high pressure, low capacity pum )s that can inject a concentrated boron solution into the s

ireactor vessel below the core. A though not intended to provide rapid reactor shutdown, ;

th:: SLCS provides a redundant, independent, and diverse means to render the reactor
suberitical and maintain suberiticality as the reactor cools. The system makes possible an

:

orderly and safe shutdown in the event that not enough control rods can be inserted into the
-

reactor core to accomplish shutdown in the normal manner.

8,5 ljent Transfer Systems for Power Onerailon
When the reactor is operating at 3ower, the normal heat removal path is by

,

'

means of two fluid system loops as illustratec in Figure 8.51. De primary heat transfer
loop consists of the RCS and the Steam and Power Conversion System. This is a closed, i

two-phase loop in which steam is generated in the reactor core and supplied at about 1000
psig to the turitne generator which extracts power from the steam to generate electricity.
The main turbine exhausts to the main condenser which operates under partial vacuum
conditions (20 inches mercury vacuum). Heat is transferred in the main condenser to a
secondary circulating water cooling loop, and the condensed steam is returned to the reactor
vessel by the main condensate and feedwater systems which together increase the coolant jpressure back up to 1000 psig.

De secondary cooling loop in a BWR is the circulating water system which
rejects plant waste heat to the ultimate heat sink. This is a low-pressure, high flowrate, "

single phase coolant loop that may operate on an open cycle, closed cycle, or combined
cycle, in an open cycle system, the circulating water pumps draw cooling water from a
body of water (i.e. an ocean, lake, river) and return all of the heated water back to the

,

body of water. In comparison, a closed cycle system recirculates the condenser cooling
water and utilizes cooling towers or other heat exchangers to reject heat to the atmosphere.
Water from a nearby source is needed to provide makeup for evaporatioq. In a combined
cycle cooling water system, part of the plant waste heat is rejected to the atmosphere via '

cooling towers before the circulating water is returned to the water source.

8,6 Heat Transfer Systems for Shutdown Coollne at HInh RCS
Pressure
During a normal shutdown, initial shutdown cooling is accomplished by using

,
'

the main turbine bypass system to direct steam to the main condenser, and the condensate
and feedwater systems to return the secondary coolant to the reactor vessel. The circulating
water system completes the heat transfer path to the ultimate heat sink. This essentially is
the same heat transport path as is used during power operation (see Figure 8.51) except
that the main turbine is tripped and bypassed and the steam, condensate, and feedwater
systems are operating at a greatly reduced flow rate.

When the Steam and Power Conversion System is not available, high pressure
shutdown cooling is provided by isolation condensers (early BWRs) or by the Reactor

,
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Core Isolation Cooling (RCIC) System (later BWRs). No BWRs have both isolation i
!eondensers and an RCIC system.

k 't.olation condenser is a simple condensing heat cxchang . that, on the i
primary side, w?!ves steam from the reactor vessel and returns the condensate to the i

reactor vessel via a cm ./.-lc:;:, L 4hase, natural circulation heat transport loop as ;

shown in Figure 8.6-1. The secondary water is boiled in the isolation condenser an( the |
secondary uteam is vented to the atmosphere to complete the heat transfer path to the i

ultimate heat sink. The secondary side water volume is sufficient for 30 to 60 minutes of i

cooling. Makeup of secondary water is provided from the fire water system or other
suitable water source. No heat is dumped to the suppression pool during isolation j
condenser operation. '

The RCIC system has a single steam turbine-driven pump that is supplied with
steam from one of the main steam lines and exhausts to the suppression pool. The system !
initially o ) crates on an open cycle, taking water from the condensate storage tank (CST), as

>

illustratec in Figure 8.6 2, and injecting into the reactor vessel via a mam feedwater line
(BWR/3 and BWR/4 plants) or through a reactor vessel head spray nozzle (BWR/5 and

*

BWR/6 plants). When the CST is empty, the RCIC pump suction is aligned to the
;

suppression pool and the suction line from the CST is isolated. Heat from the primary i

system is transferred to the suppression pool by the continuous or intermittent operation of
'

the primary safety / relief valves. Suppression pool cooling must be initiated to complete the I

heat transfer path to the ultimate heat sink. RCIC operation must be terminated at primary :

steam pressures less than about 50 psig.
Some later BWRs (some BWR/4s, all BWR/5s and BWR/6s) have the

capability of operating the Residual Heat Removal (RHR) heat exchangers as steam
condensers and using the RCIC pum) to return the condensate to the reactor vessel. In ,

contrast to the simple RCIC system c escribed previously, this operating mode enables a
closed loop heat transfer path to be established rapidly, thereby minimizmg the amount of
heat dumped to the suppression pool via the primary safety / relief valves. Heat removed by >

the RHR heat exchangers is transferred to the ultimate heat sink by the RHR (High-
iPressure) Service Water System as illustrated in Figure 8.6 3. The RCIC turbine still

exhausts to the suppression pool.

8.7 Heat Transfer Systems for Shutdown Cooline at Low RCS
Pressure '

The Residual Heat Removal (RHR) System provides for post shutdown core
cooling of the RCS after an initial cooldown and depressurization to about 125 psig by
Steam and Power Conversion System, the isolation condensers, or the RCIC system.
Early BWRs have dedicated RHR systems that are separate fmm the low pressure ECCS
subsystems. Later BWRs have multi mode RHR systems that perform the shutdown
cooling function as well as a variety of ECCS and containment cooling functions.

The RHR shutdown cooling suction line is opened to align the suction of the
RilR pumps to a reactor recirculation loo), on the suction side of an idle recirculation
pump. Flow is established through the RF R heat exchangers and the primary coolant is ,

then returned to the reactor vessel via a recirculation line (on the discharge of an idle
recirculation pump) or a main feedwater line (later model BWRs only). The RHR heat
exchangers transfer heat to the RHR (High-Pressure) Service Water System as illustrated in
Figure 8.7-1 (for a multi mode RHR system).

The RHR (High Pressure) Service Water System is a single phase, moderate-
pressure system that is dedicated to providing cooling water for the RHR heat exchangers.
In later BWRs (BWR/5s and BWR/6s) RHR cooling is supplied by an Essential Service

;
Water System that also provides cooling for other safety-related components. In either
case, the service water systems may operate on an open, closed, or combined cycle. The
service water and the circulating water systems may operate on different coohng cycles

.

(i.e., a closed cycle service water system and an open cycle circulating water system).
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Due to the relatively high discharge pressure of the RHR (High Pressure) {Service Water pumps (about 300 psid), the service water system can be used in an i

emergency to provide BWR core or containment flooding. This capability is implemented |by opening the cross tic between the service water system and the RHR return line to the
i

RCS In a multi mode RHR system, this retun line branches to the reactor vessel, the
suppression pool, and the drywell.

'
8,8 RCS Overnreature Protection Systern and Automalle

Denreaturination Systern (ADSi ,

,

BWR plants provide for RCS overpressure protection, presst..;:elief, and RCS
depressurization in vanous ways. In the earliest plants (BWR/l and some BWR/2 plants)

;

overpressure protection was provided by safety valves (see Figure 8.8 1) that mechanically :
open on high pressure in the RCS. In these plants, the ADS function is accomplished by ;
''Blectromatic type power actuated relief valves (PARVs) that are controlled by a solenoid -

,

pilot valve (see Figure 8.8 2). .

;

In the BWR/3 product line, the trend was away from PARVs to safety / relief
valves that were capable of both lifting mechanically on high pressure and being actuated at

;

lower pressures to perform either the pressure relief or the ADS function. In the BWR/4
product line, the trend was away from safety valves to safety / relief valves for :

accomplishing the overpressure protection function. Later BWR/4, and all BWR/5 and
BWR/6 plants only use safety / relief valves to accomplish the overpressure protection,
3ressure relief, and ADS functions. The Target Rock three-stage safety / relief valve shown
n Figure 8.8 3 is representative of the safety / relief valves used in BWR/3 to BWR/5 3

;
plants. In the BWR/6 product line, the Crosby safety / relief valve was introduced. This

|
valve, shown in Figure 8.8-4,is actuated by an extemal pneumatic piston. :

8.9 Emernency Core Coollne Systerns
Following a breach in the reactor coolant system pressure boundary, water is

lost from the RCS at a rate that is determined by several factors, including break size and
location. The Emergency Core Cooling System (ECCS) injects makeup water into the
reactor vessel during a loss-of coolant accident (LOCA) and recirculates water through the
core following a LOCA to provide for long term post accident core cooling. The
emergency core cooling function is accomplished by an integrated network of systems that
pmvide core cooling and coolant inventory control following transieme and LOCAs.

8,9,1 High Pressure ECCS Subsystems
The BWR ECCS typically includes a high pressure injection or core s

subsystem, one or more low pressure systems for coolant injection and/or core spray, prayand
an aut-natic depressurization system (ADS). The high pressure injection or core spray *

subsyste n is intended to respond to small LOCAs, while the low pressure subsystems are
intended to respond to large LOCAs which rapidly depressurize the RCS. The ADS is
used to depressurize the RCS when the high pressure ECCS subsystem fails to perfonn
adequately, thereby allowing the low-pressure BCCS subsystems to provide core cooling,

in the earliest BWRs, the hl;;h pressure ECCS subsystem is the Feedwater
,

*

Coolant Injection (FWCl) System. Tils subsystem uses the main condensate and
feedwater systems described in Section 8.5 to 3rovide RCS makeup from the main '

condenser hotwell and/or other water sources. leat is dumped from the RCS to the
suppression pool via the primary safet valves.

For BWR/3 and BWR/4 lants, the high pressure ECCS subsystem is the'

liigh Pressure Coolant Injection (HP I) System which hhs a single steam turbine-driven
pump that is supplied with stearr from one of the main steam lines and exhausts to the
suppression pool. The system initially operates on an open cycle, taking water from the
condensate storage tank (CST), as illustrated in Figure 8.91, and injecting into the reactor
vessel via a main feedwater line. When the CST is empty, the HPCI pump suction is

.
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ahgned to the suppression )ool and the suction line from the CST is isolated. Heat fromq
the primary system is transPerred to the suppression pool by the continuous or intermittent -
operation of the primary safety / relief valves. Suppression )oo! cooling must be initiated to
complete the heat transfer path to the ultimate heat sinc. The HPCI system provides
primary system makeup at RCS pressures from 1150 to 150 psip. Operation must be

, terminated at ?rimary steam pressures less than about 150 psig due to poor steam
conditions for tie two-stage HPCI turbine drive."

. For BWR/5 and BWR/6 plants, de high pressure ECCS subsystem is the -
High-Pressure Core Spray (HPCS) System waich 1as a single motor-driven pump that
initially o )erates on an open cycic, taking water from the condensate storage tank (CST), as
illustratec in Figure 8.9 2, and ir.geting into the reactor vessel via a spray sparger located
above the reactor core. When the CST is empty, the HPCS pump suction is aligned to the -

.

suppression pool and the suction line from the CST is isolsed. Heat from the primary
system is transferred to the suppression pool by the contim:ur intermittent operation of.
the primary safety / relief valves. Suppression pool cooling must oc initiated to complete the

.

>

heat transfer path to the ultimate heat sink. The HPCS pump can operate over the full range '

of RCS pressure.
I

8.9 . Low. Pressure ECCS Subsystems !

All BWR plrm bvc low-pressure makeup systems that are intended to |

respond to large LOCA sden rapid,1y pressurize the b OS. All BWRs except Dresden 1 ;

also have the capability v Sressunze the RCS by opening primary relief valves which -
'

discharge to the suppressn,.: pool. This depressurization capability is used to enable low
pressure makeup systems to provide for com cooling when the high-pressure heat removal ,

''

- and injection systems have failed. All BWR/l to BWR/6 plants have a low pressure core
spray system that injw:s via spargers located above the reactor Core. BWR/3 and later
plants also have a Low Pressure Coolant inje tion (LPCI) system that provides a core j
flooding capability. ;

All BWRs have a low-pressure Core Spray System that uses motor-driven j

pumps to deliver water from the suppression pool to the reactor vessel via one or more !

_ spray spargers located above the reactor core, as shown in Figure 8.9-3. In BWR/2 to
BWR/4 plants, the Core Spray System consists of two 100 percent capacity trains with two*

separate spargers as shown in Figure 8.9-4. In BWR/5 and BWR/6 plants there is a
,

single-train Low-Pressure Core Spray (LPCS) system that is supplemented by the single.
train HPCS system to provide a redundant low pressure core spray capability, in these
plants, the LPCS und HPCS systems inject into independent spargers. - |

1BWR/l and BWR/2 plants do not have a Low Pressure Coolant injection -
!(LPCI) system. This ECCS subsystem was introduced with the BWR/3 product line as a

dedicated injection system (i.e., not integrated into a multi mode RHR system) that
delivered water from the suppression pool to the reactor vessel via a recirculation loop. In

'
a

later BWR/3 plants and all BWR/4 to BWR/6 plants, the LPCI system is an operating mode
' of the RHR system shown in Figure 8.7-1. Earlier LPCI systems inject via a recirculation
. loop, while LPCI systems in BWR/5 and BWR/6 plants inject directly into the reactor
vessel.

8.10 Containment and Containment Auxillary Systems
The containment structure is a physical boundary against the release of fission

products to the environment following a release from the RCS. All operating U S. BWR
plants, except the Big Rock Point BWR/l plant, have a pressure suppression primary 1

> '

containment consisting of a "drywell" containing the reactor vessel and primary system -
- compnents, and a suppression pool or "wetwell" containing a large volume of water to'

conc ense steam discharged from the primary system and to serve as a short-term heat sink.
,

A variety of pressure suppression primary containment designs are used in BWR plants
(pre Mark I, Mark I, II, and III) however all are functionally similar and all have a
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C - secondary containment. - No operating U.S. BWR plants use the pre Mark I pressure
!= suppression containment. With the exception of Big Rock Point, all U.S. BWRs have a ;

secondary containment which is formed by parts of the reactor building surrounding the !
,

primary containment structure. The distributions of BWRs containment type and
|construction are shown in Figures 8.10-1 and 8.10-2, respectively. A general comparison

of the Mark I,II, and III pressure suppression containments is presented in Figure 8.10-3
and in Table 8.101. More detailed comparative data are included in Section 10.

During normal operation, the BWR primary containment is closed, with
j cooling provided by'a recirculating ventilation system. . The plant areas comprising the

secondary containment are continuously ventilated and are exhausted through an elevated
stack.~ Following an accident, the containment isolation system causes isolation valves to

,

close in certain lines that penetrate the primary containment boundary. The secondary
containment exhaust is directed to the Standby Gas Treatment System for processing prior
to release through the elevated stack. Contamment heat removal is accomplished by the
dedicated suppression pool cooling system (BWR/2) or by a multi mode RHR system *

operating in the suppression pool cooling mode (BWR/3 to BWR/6 plants). Post-LOCA
combustible gas concentration in the primary containment is controlled by inerting in the
Mark I containment and by hydrogen recombiners and igniters in the Mark II and III
Conta,nments. |i

8.10.1- Large, Dry Containment
. |The Big Rock Point BWR/1 plant is housed in a la ge, dry, spherical, steel '

containment as shown in Figure 8.10-4. The Dresden 1 BWR/l had a sinular containment.
These containments have a sump for collection of primary coolant lost during a LOCA.
The core and containment spray systems are aligned to take a suction on the sump during
the ircirculation phase of LOCA response. This type of containment is functionally similar
to large, dry, steel containments used in early PWR plants.

,

8,10.2. Pre Mark I Pressure Suppression Containment :
The Humboldt Bay BWR/l plant was the first U.S. BWR withia pressure .;

suppression containment (a pre-Mark I containment). The pre Mark I pressure suppression . |
containment. consisted of two chambers; the cylindrical, reinforced concrete drywell 1

containing the reactor vessel and primary system components, and the annular, cylindrical e

suppression chamber (wetwell) which contains a large quantity of water used for pressure
suppression and as a heat sink. As shown in Figure 8.10-5, the drywell vents into the
suppression chamber by means of large diameter horizontal vent headers connected to
vertical standpipes that discharge steam below the surface of the suppression pool. >

8.10.3 Mark I Pressure Suppression Containment '

. . . The Mark I containment shown in Figure 8.10-6 is the predominant type of
BWR containment. The Mark I containment is divided into two chambers: (a) the drywell a
which houses' the reactor vessel and primary system components, and (b) a torus shaped i

suppression chamber (wetwell) which contams a large quantity of water used for pressure
suppression and as a heat sink. All Mark I primary containments are of free standing steel
construction as shown in Figure 8.10-1 except for the Brunswick 1 and 2 plants. The -

. Brunswick Mark I containment is a steel-lined reinforced concrete structure. Details of the
- reactor drywell are shown in Figures 8.10-8.

If a pipe ruptun occurs inside containment, the drywell becomes pressurized by
steam blowing oown from the primary coolant system. The steam enters the downcomers
ard is routed to the tort.s where it is discharged beneath the water surface of the pressure
su;.pression pool. The wetwell is designed to condense the steam discharged to the torus< '

and thus mitigate the post accident containment pressure transient. 'Ik wetwell water also:

a

provides a source of water for the ECCS systems. The design pressure for a Mark I
containment typically is in the range from 56 to 62 psig. In the Oyster Creek and Nine Mile
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Point 1 plants, the drywell design pressure is 62 psig, while the torus design pressure is 35
psig. In all other Mark I plants, the drywell and torus have the sarae design pressure. In
order to improve the ability of Mark I plants to cope with severe accidents, the NRC has
required the installation of "hard" vents (i.e. pressure relief devices with relatively thick-
walled discharge piping rather than thin-walled ducting) to protect against
overpressurization of the primary containment. This vent line is routed via an air cleanup
system to the olant stack.

The Mark I containments have the smallest free air volume of the three BWR
~

pressure suppression eontainment designs, particularly in the drywell. They have
approximately one-sixth the free air volume of a large dry PWR containment. The small
containment volume and the original use of 7 x 7 fuel assemblies in plants with Mark I
containments results in a high post-LOCA containment pressure and hydrogen
concentration. BWR plants with Mark I containment oprate with a nitrogen inerted
drywell atmosphere to prevent a potentially flammaile post-LOCA containment
environment. With the introduction of the 8 x 8 and 9 x 9 fuel assembly designs, BWR
utility owners have been able to demonstrate reduced post LOCA hydrogen generation.
The drywell inerting system operates in three modes: (a) high flow rate during inerting
prior to reactor startup (b) low flow rate to maintain drywell oxygen concentration less
than 4 percent during normal operation, and (c) off during refueling or maintenance in the
drywell. In the high flow rate mode, nitrogen is supplied at up to 200,000 scfh to establish
inert atmosphere conditions in the drywell, while about 5,000 scf/ day is supplied in the low
flow rate mode to maintain inert conditions. The drywell purge system reestablishes
normal drywell atmosphere conditions prior to refueling or as required prior to inspection
and maintenance in the drywell.

The Mark I containment was found to be difficult to construct. In addition, its
small size resulted in congested spaces that left little room for auxiliary systems or for
maintenance. Backfitting requirements such as improved pipe restraints and snubbers
further complicated component accessibility and maintainability within a Mark I
containment.

The secondary containment areas of the Mark I containment include the ECCS
and RHR pump rooms, reactor water cleanup system equipment rooms, steam tunnel, and
the fuel handling and storage area on the upper level of the reactor building. The Standby
Gas Treatment System (SGTS) ventilates the secondary containment areas and exhausts to
an elevated release point. A representative SGTS is shown in Figure 8.10-9.

8.10.4 Mark 11 Pressure Suppression Containment
Mark 11 containments are used for some BWR/4 plants (Limerick I and 2,

Shoreham, and Susquehanna 1 and 2) and for all BWR/5 plants (LaSalle 1 and 2, Nine
Mile Point 2, and WNP-2). This containment design retained the basic pressure
suppression function of the Mark I containment, but rearranged the drywell and the
suppression chamber into an "over/under" configuration as illustrated in Figure 8.10-10.
The suppression chamber is below the drywell with vertical downcomers connecting the
two volumes. Steam released into the drywell during a LOCA is directed into the
downcomers and is discharged below the water level in the suppression chamber. This
simpler vent configuration results in lower head loss in the downcomers, thereby
contributing to a lower containment design pressure than in the Mark I design (i.e. typically
45 psig vs. 62 psig).

The Mark 11 primary containment design has been implemented using the
following thn:e different construction techniques:
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- - Steel, free star &g
. WNP2 . i

Reinforced concrete with steel liner Nine Mile Point 2, Shoreham,--
'

Limerick I and 2,
Susquehanna 1 and 2 -

Post tensioned concrete with steelliner LaSalle 1 arul 2p -

The relatively simpler shape of the Mark II containment was expected to be
-

;

casier to construct than a Mark I containment, however, the conical shape of the upper '

yortion of the Mark II drywell was still difficult to construct. Better space utilization in the 1
Mark Il plants resulted in a smaller reactor building than in Mark I plaats. The shape and f

greater volume of the drywell allowed better access to main steam, feedwater, recirculation
t

and ECCS components in tre drywell. The use of the motor-driven HPCS eliminated the
HPCI steam lines and the below grade HPCI pump room that was an appendage off the i

side of the Mark I reactor building. ?

The Mark II drywell is inerted, and the inerting and purge systems are '

comparable to those found in Mark I containments.,

:The secondary containment areas of the Mark 11 containment include the ECCS
and RIIR pump rooms, reactor water cleanup syst .n equipment rooms, steam tunnel, and ;

the fuel handling and storage area on the u pper level of the reactor building. The Standby
Gas Treatment System (SGTS) ventilates the secondary containment areas and exhausts to
an elevated release point.

,

8.10.5 Mark III Pressure Suppression Containment
The Mark III containment consists of a drywell and pressure suppression

chamberinside a primary containment shell that is surrounded by an enclosure building and ;

various equipment rooms that function as part of the secondary containment boundary. |

The basic arrangement of a Mark III containment is shown in Figuir 8.10-11. The primary - i
and secondary containment boundaries are identified in Figure 8.10-12.- '

The Mark III primary containment design has been implemented using the
following two different construction techniques:

,

-. Steel , free standing Perry I and 2, River Bend 1 :
Reinforced concrete with steel liner Clinton 1 Grand Gulf 1-

,

,

. In all cases, the drywell is a reinforced concrete structure. The lower portion of the River
Bend steel primary containment (i.e. the suppression pool) ** reinforced with stiffener

~

rings. In the Perry Mark III containment, the steel primary containment is' backed by
concrete in the suppression pool area.

In comparison to the Mark Il containment, the Mark III containment is a simpler
structural design with the reactor placed lower in the containment, resulting in improved
seismic response and a shorter construction schedule. The downcomers in the Mark II '

'

containment have been replaced by a weir wall with horizontal vents to separate the drywell -
_tfrom the suppression pool. - The volume and errangement of the Mark III containment

3rovides lower containment design pressua and improved accessibility of the nuclear '

> oiler for in-servic-inspection.
.

The Mark III containment dous not require inerting. The lower peak clad '

temperatures predicted for the BWR/6 with 8 x 8 fuel elements limits the combustible gas ,

gen: ration. Flammability control is achieved through direct control of hydrogen
concentration (e.g., hydrogen recombiners).

The fuel pool has been moved out of the reactor building and placed in a
separate fuel handling building. The fuel pool was on the fuel operating floor level in Mark
I and H reactor buildiras.

,

I
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8.11 Comnonent Coollne Systems''

- The function of the PWR Component Cooling Water System (CCWS)
described in Section 3 typically is performed in a BWR by the Reactor Building Closed
Cooling Water (RBCCW) System and the Turbine Building Closed Cooling Water-
(TBCCW) System. The RBCCW system serves safety and non-safety heat loads, while
the TBCCW serves only non safety heat loads. These are closed loop, low temperature,
low pressure, single-phase cooling system that provides cooling for a wide range of
components.

As illustrated in Figure 8.11-1, the RBCCW system may provide for
component, area, or system cooling in a variety of ways:

A. Direct component cooling
- This type of cooling arrangement is illustrated by cooling paths A-A' and
applies to cooling for pump bearings and seals.

B . Area cooling by means of fan-cooler units
This type of cooling arrangement is illustrated by cooling paths B B' and
applies to equipment room coolers used to maintain normal and post accident
environmental conditions within limits necessary for long term operation of
components in safety systems.

C. Fluid system heat removal
This type of cooling arrangement is illustrated by cooling paths C-C' and
a? plies to RBCCW cooling for a variety of systems including the reactor water
c canup system and spent fuel pool cooling system.

D. Area cooling by. means of HVAC units
This type of cooling arrangement is illustrated by cooling paths D D' and
applies to RBCCW cooling for normal and emergency heating, ventilating, and
air conditioning (HVAC) systems. In this case, the diller system forms a -
closed loop heat transfer system between the RBCCW and the area (s) being
cooled.

The RBCCW system rejects heat to the ultimate heat sink through the cooling
loop indicated as the Service Water System in Figure 8.11 1 This service water system
may operate on an open, closed, or combined cycle as descrioed previously.

8.12 Safety System Actuation

The role of the Safety System is to actuate components and systems needed to -

mitigate the consequences of events that challenge limits established for normal plant
operation. The Safety System consists of the Reactor Protection System (RPS) and a set of
actuation systems that, as a group, perform the function of the PWR Engineered Safety
Feature Actuation System (ESFAS) described in Section 3. As described previously, the
function of the'RPS is to initiate a reactor scram when needed. The actuation logic for the
various BWR safety, systems provides for automatic actuation based on the detection of
abnormal conditions m the reactor plant.- As appropriate, the actuation systems can actuate
systems necessary for adequate RCS coolant inventory control and/or core cooling,
containment isolation and cooling, radioactive release control, emergency power, and
component cooling.

As illustrated in Figire 8.12-1, the actuation systems include provisions for
manual actuation at the system level (typically from the control room) or at the actuation-
train level (typically from the output logic cabinets). A manual trip from the control room
actuates all components that would be actuated by an automatic actuation signal. A manual
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trip from the output logic cabinets actuates only the components that are controlled by the
respective actuation train.

,
.

"
;

'

The relationship between the automatic actuation systems and other means of
' actuation is also shown in Figure 8,121. Individual remote-manual component controls,x
which do'not use any part of the automatic actuation logic, are generally provided in the
control room and/or at some other alternate control location. In addition, most motor- !

'
driven components can be manually actuated by manipulating their circuit breaker on the
respective switchgear panel or motor control center. Other types of power-operated valves
often can be controllec locally by manual manipulation of the pilot valves on the pneumatic
or hydraulic actuator. ;

8.13- Onslie Electric Power System

The onsite electric power system consists of two parts; the non Class 1E system
which supplies non-safety loa's, and the Class IE system which supplies safety systems.d :,

During normal operation, the entire onsite electric power system is supplied from the output :
- of the main generator and/or the offsite grid. Diesel generators are standby AC power -

soumes for the Class lE portion of the onsite power system, and batteries are standby DC
power sources. During normal operation, the diesel generators are idle, and the batteries -

are maintained fully charged by battery chargers which also supply the DC power loads. ,

Large Class IE AC electrical loads (i.e. large pumps and fans) typically are
supplied from 6.9 or 4.16 kV switchgear. Smaller Class 1E AC loads (i.e. motor-operated -

1' - valves, small pumps and fans, battery chargers) are supplied from 480 VAC motor control -

centers. In BWR/2 to BWR/4 plants, there typically are two AC power divisions, A and
" while in .BWR/5 and BWR/6 alants there are three AC power divisions, A, B, and C.,

T he typical distribution of ECCS : oads among the AC divisions is listed in Table 8.13-1. |
Most DC loads are supplied from 125 VDC paneis, although many BWR plants .|

have 250 VDC distribution systems to support DC-powered motor-operated valves or other
relatively large DC-powered components (HPCI and RCIC steam line isolation valves, '

HPCI lube oil pump). As summarized in Table 8.13 2, BWR/2 to BWR/4 plants typically
have two 125/250 VDC divisions, while BWR/5 and BWR/6 plants have three divisions.
Instrumentation power typically is su? plied from a 120 VAC system that normally is
powemd from the 125 VDC system wit i backup power from the 480 VAC system. *

Representative AC and DC power distribution systems for a BWR/4 plant ,

(Cooper) are shown in Figures 8.131 and 8.13-2. Similar diagrams for a BWR/6 plant
(River Bend) are shown in Figures 8.13 3 and 8.13-4. The 250 VDC batteries and buses i

in Figure 8.13-2 am needed to support the RCIC and HPCI systems in the BWR/4 plant.
The third AC division in Figure 8.13 3 is needed to support the motor-driven HPCS pump
-in BWR/5 and BWR/6 plants.

Loss of the normal (preferred) source of offsite power typically causes an
,

automatic shift to the alternate source of offsite power and starts the respective standby -

diesel generator (s). If both sources of offsite power are unavailable, the non Class 1E and
,

the Class lE portions of the onsite c'ectric power system are separated by opening circuit
breakers, and the diesel generators are aligned to supply the Class IE system. The standby
diesel generators and batteries can provide adequate power to enable other safety systems to
establish and maintain a safe shutdown condition.

The diesel generators are complex systems with integrated diesel and generator
control systems that interface with a load-sequencing system that re-energizes selected i

loads in prescribed sequences when the diesel generator is ready for loading. Diesel
generator starting is dependent on a source of DC power (usually the station batteries) for
the; control systems.and generator field flashing. In addition, the following support
systems typically are needed for diesel generator operation:

Fuel oil system (including the day tank which is the short term fuel source)-

Fuel oil storage and transfer system (long term fuel source)-

o
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' Air start system- ,

LubricTtin,; oil system--

: Jacket coo,ing water system.:

Combustion air intake and exhaust system |-

* J- Diesel room cooling system

Simplified schematics for these systems are shown in Figures 8.13-5 and 8.13-6. . As
shown in Figure 8.13-6, heat from the diesel generator jacket coolin,g water system'and

'

lubricating oil system is transferred to the ultimate heat sink via a service water system. In
. a t'ew plants, the jacket coo'.ing water system may incorporate a radiator (i.e., a water to-air ,

heat exchanger) and use the atmosphere as a heat sink for diesel generator operation. A ,

: significant amount cf heat from diesel generator operation is transferred directly to the
atmosphere by the cea exhaust system and the diesel room ventilation system. -
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: Table 8.1-1. . Summary of BWR Systems-

H
J

BWR System NSSS Scope BOP Scope j
l-Reactor X t

Reactivity 1 Control System- X
Reactor Recirculation System X-, s
Residual Heat' Removal System X-

,

Reactor Water Cleanup-System X .)Nuclear. Leak Detection System X
~ Containment X
Reactor Trip' System X
Standby Liquid Control System X
Control Rod Drive Hydraulic System X

-Reactor Core Isolation Cooling System X
Emergency Core Cooling System X

-Standby-Gas Treatment-System X- F

:Onsite Electric Power. System X
Offsite Electric Power System X
Main Steam System X
Turbine Generator and Auxiliarien X
Main. Condenser & Evacuation System X
Condensate & Feedwater System. X i
Condensate Cleanup System 'X
Circulating Water System X
New'& Spent. Fuel Storage- X !

,

Fuel Handling System- X i

Habitability System-
. X >

. Engineered 1 Safety Feature Actuation Sys. X X 1
Safety Related. Display Instrumentation X X'

4Service Water System X'
, Closed Cooling: Water. System- X
l Ultimate Heat-Sink X'
r Compressed Air. System X
| Process' Sampling System X

HVAC System X
Fire Protection System X

L Diesel Generator & Auxiliary System X'

Radioactive Gaseous Waste. System X
Radioactive Liquid Waste System X

- Radioactive-Solid Waste: System X| ,

' Radiation Protection System X
,

J

W

a

L

8-15- 3/90
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$" . Table 8.2.'t. Summary of' BWR Vessel Sizes .

,

= Reactor ,

a Vessel ~ i

Inside
.. MWR Diameter ,

Product I.ine -- finches) Applicable Plants ;

'

BWR/1 106 Big Rock Point
1.

,

{ 121 1:umboldt Bay ~
y
L 146 Dresden 1

BWR/2 213 Nine Mile Point 1, Oyster Creek . ;
.,

b BWR/3 206 Monticello
!

,

224 Millstone 1, Pilgrim 1 !
I

..

.

251 Dresden 2 & 3, Quad Cities 1 & 2
,

BWR/4 183 Duane Amold-

,

206 Vermont Yankee
'

.

218 Brunswick 1 & 2, Cooper, Fitzpatrick, ;

Hatch 1 & 2, Shoreham-

1, 2, & 3', ' Fermi 2,
: Browns Ferry & 2, Limerick 1 & 2,

251
. Hope Creek 1 3,

Peach Bottom 2 & 3, Susquehanna 1 & 2. 3

BWR/5 251 LaSalle 1 & 2, Nine Mile Point 2,.
'WNP-2

, - BWR/6 218 Clin' ton 1, River Bend 1
o
"- 238 Perry 1 & 2

251 Grand Gulf 1 4

i

O |-

>

t.
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Table 8.3-1. Comparison of - BWR Core Parameters

_

BWR
.

BWR Group . Number . Number Core Core Core Average

Product. Representative - Thermal . of Fuel of Control Equivalent ~ Active - Power Density
.

,

Line Plant in Group Power ~ (MWt) Assemblies Rods Diameter (in) Height (in) (kWIliter)
a

BW R/1 Humboldt Bay : .230 172 40 77.5 :79 40.3

| Big Rock Point 240 84 24 62.5 70 46 |
.

t

Dresden 1 626 452 80 128.9 106 31.2

BWR/2 Nine Mile Point 1 1850 532 129 167.2 144 ~40.6 |

4

; Oyster Creek 1930 560 137 170.5 144 40.6 j

BWR/3 Monticello 1600 484 121 149 144 41.1
,

Millstone 1 2000 580 145 163.1 144 40.8 i

G Ouad Cees 1 and 2 2500 724 177 182.2 144 40.6 !
.

B W RI4 VermontYankee 1600 * 1700 368 89 129.9 144 50.9 -

!

Cooper 2380 548 137 158.5 150 51.8
.

Brunswick 1 and 2 2430 to 2500 560 137 160.2 150 50.5
;

Peach Bottom 2 & 3 3300 764 185 187.1 150 49.2 ,

BWRIS Nine Mile Point 2 3300 764 185 187.1 150 -49.2
-t

BWR/6 Clinton - 2900 624 145 169.1 150 52.4 i

.

Perry 1 and 2 3600 748 177 .185.2 150 54

Grand Gulf ' 3850 800 193 .191.5 150 ~ 54.1w

,

'

r .,u .
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Table' 8.101. : Comparisoa of BWR l'vessure Suppression Containment- h
Design Parameters _ j

|
.1

Parameter Mark I Mark II Mark III '

BWR pmduct line - : BWR/2 to Late-BWR/4 ~ BWR/6
'

BWR/4 and BWR/5

Reactor power level (MWt) 1850 to 3300 2436 to 3323 2894 to 3833
:

Drywell shape " Light bulb" ' Frustrum of- Cylinder
a cone

TypicalDrywell Construction Free standing Reirireed Reinforced ',
steel * * * - concrete concrete ,

3 '' Drywell air volume (ft ): 131,000 to 200,000 to 250,000 to -
176,000 303,000 278,000

'Drywell design pressure (psig) 56 to 62 45 to 53 15
;

Drywelldesign temperature (*F) 281 to 340 281 to 340 330 t

Drywellinerting_ Yes Yes No
q

Suppression chamber (wetwell) Torus below Annular- Annular
and around cylinder cylinder {
the drywell below the around the - e

drywell drywell

Typical suppression chamber Free standing - Reinforced or Free-standing
- construction = steel post-tensioned steel, or*

,

conente with reinforced
L-- steel liner, or . concrete with -
|- free standing steelliner
[ steel '

>

Suppression chamber water 78,000 to 81,000 to 120,000 to
3

|- volurne (ft ) 122,000 155,000 136,000

Suppression chamber air . 95,000 to 134,000 to 713,000 to
3H volume (ft ) 134,000 192,000 1,264,000

|

| Suppression chamberdesign 56 to 62 45 to 53 15
) pressure (psig)* -

Suppression chamber design 281 to 310 212 to 281 185
temperature (*F)* *

L
|

L i
| 8 18 3/90
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Table 8.10-1. -: Comparison;of BWR Pressure Suppression Containment - 1
'

-

Design Parameters (Continued) -|
-:

Parameter Mark i Mark II Mark III

Configuration of vents between Diagonal = Vertical Horizontal'
the drywell'and the suppression large-diameter standpipes- vent openings,-

? pes ending submerged below the .ichamber
.n " ram's head" about 6 feet waterlevel of-

~ distribution . below water . sup ression
manifold and: 'levelof the
vertical piping suppression
venting below pool . :
the waterlevel
of the pool

3Typicalvent a a (ft ) 238 219 480

* All containments for BWR/3 to BWR/6 plants have the same drywell and torus
design pressure. The BWR/2 Mark I containment has a 62 psig drywell design - i
pressure and a 35 psig torus design pressure,

* * All Mark I BWRs except Nhie Mile Point 1 (205'F), Oyster Creek (150*F), -

. Rrunswick and Fitzpatrick (both 220'F).

'*** All ex' cept Brunswick which is reinforced concrete. -i

j

J

l -

t

>

Y

J

(

n

s*

t:

I I|

8 19 3/90
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Table : 8.131. Comparison of _BWR AC Load Distribution--

~ BWR Product ljne AC Diviklon A ' AC,Dlylalon] AC Divialon C

BWR/2 Core Spray A/C - Core Spray B/D -------

Containment . Containment '
- Spray A - Spray B -

- Emerg. Senice Emerg. Service
WaterA WaterB

- BWR/3 to BWR/4 LPCI(RHR) A/C LPCI(RHR) B/D -------

:

Core Spiay A' Core Spray B

RHR Service RHR Service
Water A Water B

BWR/5 and BWR/6 LPCI(RHR) A LPCI(RHR) B HPCS

'LPCS LPCI C

Emerg. Senice Emerg. Service Emerg. Senice
WaterA Water B - Water C

8-20 3/90
,
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Table- 8.13 2. Comparison of BWR DC Load Distribution

W8t Product Line DC Division A ' DC Division B DC Divialen C

E BWR/2 ' Isolation Condenser Isolation Condenser -------

valve power valve power -

ADS A cortrol - ADS B control'

Core Spray A/C Core Spray B/D
control control

Containment . Containment
Spray A contml Spray B control

Emerg. Service Emerg, Service
Water A control Water B control

Diesel A control Diesel B control

BWR/3 to BWR/4: RCIC power and HPCI power and -------
-

control contml

ADS Acontrol AD3 B contml

LPCI(RHR) A/C LPCI(RHR) B/D
control control

Core Spray A Core Spray B
control control

RHR Service RHR Service-
Water A control Water B control

Diesel A control - Diesel B control

- BWR/5 and BWR/6 RCIC power and HPCS control
control--

ADS Acontrol ADS B control

LPCI(RHR) A LPCI (RHR) B
control control

' LPCS contml LPCI C control

Emerg. Service Emerg. Service Emerg, Service
Water A control Water B control Water C control

Diesel A control' Diesel B control Diesel C control

8-21 3/90
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9.- GENERAL ELECTRIC-(GE) BOILING WATER REACTORS
(BWRs) :+

There are six General Electric BWR " product lines" designated BWR/l to,

BWR/6.o A comparison of the basic features of these six product lines is found in Table-
91. As of March 1990, BWRs from all six product lines are operating in the United e

States. Basic features of General Electric BWRs in each product line are described in detail >

in this section.
'

,

9.1 BWR/1
: lte three BWR/1 plants in the United States are the following:

'

Dresden 1 1-

Humboldt Bay-

3

Big Rock Point j
-

Of these reactor plants, only Big Rock Point has a full power operating license as of 2/89.
--

The other two plants were formerly licensed to operate but have been permanently; <

shutdown; Humboldt Bay in 1976, and Dresden 1 in 1978. International reactors included
in the BWR/l vintage include Dodeward (Netherlands), KRB (Federal Republic of
Germany), Tarapur (India), and Garigliano (Italy). The descriptions in this section will
focus on Big Rock Point. '

'9.1.1 ' Reactor Core and Reactivity Control Systems
The P,ig Rock Point core is rated at 240 MWt, has a power density of 46 .

,

kW/ liter, and 3.5 comprised of 84 fuel assemblies. A power density of about 60 kW/ liter
was achieve /. In a special test with a reduced size core.

9.1.2 Reactor Coolant System, including the Reactor Recirculation ,

System
_

A variety of reactor coolant system designs are included among the exploratory ;
1 BWRs classed as BWR/is. Included'are the following: :

Natural circulation dual cycle plants with core power densities typically less :-

L than 40 kW/ liter (i.e., Dresden 1)
' Natural circulation direct-cycle plants with power densities less than 25 kW/ liter-

(i.e., Humboldt Bay)
1- A forced circulation direct-cycle plant with a power density of 46 kW/ liter-

y .(i.e.,- Big Rock Point)
o

;

L . s All BWR/l plants are "non-jet pump" plants. Big Rock Point was the only-
'

'

: BWR/l plant with' forced recirculation flow by means of two external recirculation pump
,

' loops that took a suction on the steam drum and discharged to the lower plenum of the
t >i ~ reactor vessel as shown in Figure 9.1-1. Details of the Big Rock Point reactor vessel in" '

J ' Figure 9.1-2 show that there are no steam spearators or dryers inside the reactor vessel and
.

L 'the recirculation line inlet to the reactor vessel is below the level of the core. - Use of the -r

if , iexternal recirculation' loops allowed Big Rock Point to operate at higher core power
[' densities than could be achieved with the natural cin:ulation plants. >t
| +,

1 9.1.3 Reactor Vessel Level Instrumentation
x" .

. Reactor vessel water level measurements in BWR/1 to'BWR/3, and most
L + BWR/4 plants ' are made by temperature compensated differential pressure instruments that

.

i? -have a heated reference column. This type ofinstrument is described in Section 8.
<

q
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9.1.4 - RCS| Overpressure Protection System and ' Automatic
Depressurization tSystem :(ADS)

.

.
.

Primary system overpressure protection at Big Rock Point is provided by six .<

.

safety valves located on the steam drum. A' four-train Reactor Depressurization System:
(RDS) connected to the steam drum performs the function of the ADS in later-model
BWRs. The RDS uses solenoid operated pressure relief valves.

; 9.1'. 5 .Shhtdown Cooling Systems -
: The shutdown cooling capability at Big Rock Point is comprised of an isolation ,

condenser system for high pressure decay heat removal and a low-pressure 1.hutdown -
cooling system.' The isolation condenser receives and cor.denses primary steam fmm the
steam drum, and returns the condensate to the steam drum. The ded cated shutdowri-
cooling (RHR) system takes a suction on the reactor vessel and retmns coolant directly to
the reactor vessel.

'

p 9.1.6L Emergency Core Cooling Systems
|_ ne emergency core cooling function at Big Rock Point is accomplished by the

following:

RCS heat removal at high pressure by the isolation condenser system (which-

L provides no primary makeup capability). .

- ;

- : Reactor Depressurization System (RDS) consisting of four trains of power-
operated rehef valves to depressurize the RCS.
The fim system pumps to accomplish the emergency coolant injection. function-

.The core spray, system to accomplish the emergency coolant recirculation
function (i.e. rectreulating water fmm the containment sump back to the reactor
vessel).- .

; 9.1.7 Containment. .

'

- The Big Rock Point primary system is housed in a' dry, spherical, steel
containment. Dresden 1 had a similar containment. while Humboldt Bay war, the first U.S.
BWR with a pressure suppression containment (a pre-Mark I containment). The Big Rock -

_

L Point containment is shown in Figures 9.1-3 and 9.15. The locations of f ne steam drum
,

and the emergency (isolation) condenser can be seen in Figure 9.1-3. Note also that the'
:

spent fuel storage pool is inside containment.
,

} !

;

L. i

+

b

. ,f
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Table 9.1 1, General Elettric BWR Comparison - Li j

8
,

Product Line 1 Year of Representttive . U.S. Plants -
Dealenation Introduction and GeneraECharacteristics ;

BWR/1 1955^ Dresden 1, Humboldt Bay. Big Rock Point ::
First commercial BWRs, several different --

i designs included in this class
. ;

Dual-cycle natural circulation BWRs with .-

power density,up to 40 kW/ liter and 3
maximum power output of 250 MWe

- Direct-cycle natural circulation BWRs with-

*power density of 40 kW/ liter
Forced circulation direct cycle BWR with-

power density of 46 kW/ liter and nmximum -
power of 240 MWt

First use of steam separators inside the reactor-

vessel (KRB)
Some plants with dry containment, others-

with initial version of pressure suppression :
contamment

BWR/2 1963~ Oyster Creek, Nine Mile Point 1:
First large commercial direct-cycle BWRs .
Forced primary recirculation by external pump-

loops only-

Recirculation flow control varying pump speed-

Increased maximum x)wer output to 1850 to'-

1930 MWt (500 to 6d0 MWe) .
Power density of 36 kW/ liter initially, but now. '!-

- operating at power densities up to 40.6 kW/ liter
Isolation condensers and dedicated RHR- -

system for decay heat removal
ECCS consisting of FWCI, ADS, and Core| -

Spray,

-. First use of Mark I pressure suppression
| contamment

P

' BWR/3 1965 Monticello, Quad Cities
Primary recirculation by external pump loops .-

plusjet pumps in the core annulus
Increased maximum power output to ;-

2500 MWt (810 MWe) . .i
,1 - Power density increased to 41 kW/ liter

RCIC and multi mode RHR system for decay.-

heat removal
- Improved ECCS with HPCI, ADS, Core

Spray, and LPCI(RHR operating mode)
- Mark I pressure suppression containment

'

?

9-3 390
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LTable 9.11. General Electric- BWR Comparison (continued)

Product LineL Year of - Representative U.S. Plants
Resignation - Introduction: and General Characteridics

BWRl4' '1966 Browns Ferry 1,2, & 3, Peach Bottom 2 & 3
Increased maximum power output to 3300 MWt-

(1100 MWe)-
Power density increased to 51 kW/ liter-

Linear heat generation rate 18.5 kW/ft-

Added steam-condensing mode of RCIC/RHR-

system operation
ECCS same as BWR/3-

Mark I pressure suppression containment-

for most plants in this class

B W R/5 1969 LaSalle, Nine Mile Point 2, WNP 2
Core design unchanged from late BWR/4s-

Improved ECCS; HPCS, ADS, LPCS, and-

LPCI(RHR operating mode)
Control valves used for recirculation flow--

~ control -
Mark II pressure suppression containment

_

-

Containment inerting not required-

BWR/6 1972 Clinton, Grand Gulf, Perry, River Bend
Smaller diameter jet pumps allows larger core ~in-

same s1Ze reactor Vessel
_

Increased maximum power output to ?900 MWt-

-(1300 MWe);
First use of 8 x 8 fuel assembly-

,

Increased power density to $4 kW/ liter-

- Decreased linear heat generation rate to
.

13.4 kW/ft --
Mark III pressure suppression containment-

Containment inerting not required-

Improved steam separators and dryers --

1 Improved control and instrumentation systems
incorporating digital technology

y,

I i
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9.2 BWR/2
he two BWR/2 plants in the United States are the following:

Nine Mile Point 1-

Oyster Creek-

Nine Mile Point I had a full power operating license as of 2/89 while Oyster Creek had a
provisional operating license.

9.2.1 Reactor Core and Reactivity Control Systems
BWR/2 reactor cores are rated in the 1850 to 1930 MWt range, operate with a

power density of 36 kw/ liter, and are comprised of 532 (Nine Mile Point 1) to 560 (Oyster
Creek) fuel assemblies. The BWR/2 was introduced with 7 x 7 fuel assemblies.

9,2.2 Reactor Coolant System, including the Reactor Recirculation
System
BWR/2 plants are "non-jet pump" plants. Five external recirculation loops

provide for forced circulation of primary coolant. The basic arrangement of the BWR/2
nuclear boiler is shown in Figure 9.2-1. Note the location of the recirculating water outlet
line (to the recirculation pumps) and the recirculating water inlet line (from the recimulation
pumps). Note also the " skirt" that separates the bottom of the downcomer annulur from
the lower plenum of the reactor vessel. In the jet pump BWRs (i.e., BWR/3 to BWR/6)
the jet pumps discharge through this " skirt", while in BWR/2 plants, the recirculation loop
piping enters below the " skirt".

9.2.3 Reactor Vessel Level Instrumentation
Reactor vessel water level measurements in BWR/l to BWR/3, and most

BWR/4 plants are made by temperature compensated differential pressure instruments that
have a heated reference column. Operation of this type of instrument is described in
Section 8. Typical reactor vessel water level instrumentation ranges for BWR/2 plants are
shown in Figure 9.2-2.

9.2.4 RCS Overpressure Protection System and Automatic
Depressurization System (ADS)
BWR/2 plants pmvide RCS overpressure protection with 16 safety valves. The

ADS function is accomplishee with 5 to 6 "Electromatic" type power-actuated relief valves
(PARVs) on the main steam lines.

9.2.5 Shutdown Cooling Systems
Initially, shutdown cooling is accomplished by using the main turbine bypass

system to direct steam to the main condenser, and retuming coolant to the reactor with the
condensate and feedwater systems. Heat is transferred to the ultimate heat sink by the
circulating water system. Alternatively, the isolation condenser can be aligned to create a
high pressure, natural circulation heat transfer path with primary steam rising to the
isolation condenser and ?rimary condensate returning to the reactor vessel. Heat is
transferred to the ultimate wat sink by boiling secondary coolant in the isolation condenser
and venting the secondary steam to the atmos? ere. Oyster Creek has two isolationh
condensers located below the refueling floor leve. of the reactor building. Nine Mile Point
I has four isolation condensers located on the refueling floor level.

Shutdown cooling is performed directly by a dedicated RHR system after the
RCS has been cooled and depressurized to less than about 125 psig. The RHR pumps are
sligned to take a suction on a recirculation loop (suction side of a recimulation pump) and
return the coolant to the recirculation loop (discharge side of a recirculation pump). Heat is i

transferred to the ultimate heat sink by the RHR service water system.

9-10 3S0 i
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9;2.6- Emergency Core Cooling Systems
De ECCS network for a BWR/2 plant consists of the follow %:'s '

' The single train Feedwater Coolant Injection (FWCI) system which injects-

.

water from condensate storage sources into the reactor vessel via a feedwater
c line,

Automatic Depressurizatbn System (ADS) which res power actuated relief-

valves to depressurize the RCS
- The two train Core Spray _(CS) system which injects water from the

E suppression pool directly into the reactor vessel, above the core.

Note the the BWR/2 ECCS does not include a Low Pressure Coolant Inejetion (LPCI):
system as found in BWR/3 to BWP/6 plants.

The FWCI system util'izes a motor-driven pump to provide makeup at high 'to
moderate RCS pressure. The backup to the FWCI system for mitigating small breaks is the 1
Automatic Depressurization System (ADS) and the low-pressure injection systems. The :
ADS uses several safety / relief valves to depressurize the reactor vessel to below the shutoff
head of pumps in the Core Spray and LPCI systems.

The CS system injects water directly into the reactor vessel, via spargers located -
above the reactor corec The AC power lineup for the BWR/2 ECCS includes two electrical
divisions with one core spray train powered from each division. The FWCI pump is
powered from the non-Class IE portion of the electric power system.

9.2.7 ~ Containment (Mark I)- . .

The Mark I containment was first introdcced with the BWR/2 reactors. The,

. general configuration of the Oyster Creek Mark I containment is shown in Figures V.2 3.'
The cutaway view of the Nine Mile 1 reactor building in Figure 9.2 4 shows tie layout of
the refuelinJ floor and the four isolation condensers in that p ant. The Mark I containments
for the BW V2 plants are the only Mark I containments with different design pressuits for
the drywell and the torus. In both BWR/2 plants the drywell has a 62 psig design pressure
-and the torus has a 35 psig design pressure.
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9.3 3H223 ,

he seven BWR/3 plants in the United States are the following: !
,

Dresden 2 and 3 |-

Millstone 1 i-

Montkello |-

Pilgrim 1 j-

Quad Cities 1 and 2-

i
Ali of these reactor plants had full power operating licenses as of 2/89 except Dresden 2
which had a provisional opnating license.

9.3.1 Reactor Core and Reactivity Control Systems
Plants classed as BWR/3s can be grouped into the following categories based -

on core thermal power output.
,

1

1600 Monticello-
s

2000 MWt Millstone 1 and Pilgrim 1 |
-

2500 MWt Dresden 2 and 3 and Quad Cities 1 and 2-
!

!
The smallest BWR/3 core has 484 fuel assemblies, the intermediate size cores have 580 i

'

fuel assemblies, and the largest cores have 724 fuel assemblies. The BWR/3 was
- introduced with 7 x 7 fuel assemblies, however many plants have changed to 8 x 8 fuel
assemblies during successive refuding cycles. Maximum core power density was 40 j
kw/ liter with 7 x 7 fuel assemblies. i

t

9.3.2 Reactor Coolant System, Including the Reactor Recirculation
System
A typical BWR/3 nuclear boiler is shown in Figure 9.3-1. BWR/3 plants were

the first BWRs to use jet pumps to aid in driving recirculation flow. De use ofjet pumps
reduced the number of extemal recirculation pump loops from five in BWR/2 plants to two
in BWR/3 to BWR/6 plants. A total of 20 jet pum)s are arranged in the annulus between
the reactor vessel and the core shroud and are c riven by flow from the two extemal
recirculation loopsc The use of jet pumps eliminates recirculation line penetrations below
the level of the reactor core, thereby improving the capability to maintain adequate core

-

cooling following a LOCA.' At full power approxirnately one third of jet pump flow is -
driven flow and two thirds is suction flow. Recirculation flow control is achieved by

L varying the speed of the ? umps ir the two extemal recirculation loops.
In BWR/3 p. ants, the discharge manifolds of the two extemal recirculation

loops can be cross :ennected, his feature allows one recirculation pump to drive all 20 jet
pumps at reduced flow.

Natural circulation can be achieved in the primary system when the recirculation
pumps are shutdown. A BWP can operete at approximately 10 percent power in the
natural circulation mode.

9.3.3 Reactor Vessel Level Instrumentation
' Reactor vessel water level measurements in BWR/1 to BWR/3, and most

BWR/4 plants are made by temperature compensated differential pressure instruments that
have a heated reference column. Operation of this type of instrument is described in
Sectior. 8. . Typical reactor vessel water level instrumentation aanges for BWR/3 and
EWR/4 plants are shown k Figure 9.3-2.
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9.3.4 RCS Overpressure Protection System and Automatic*

Depressurization System (ADS)
BWR/'q lants provide RCS overpressure protection with safety valves and one

or more Target Rock type safety / relief valves. Some BWR/3s also have "Electromatic" type
power actuated relief valves that are used for the ADS.

9.3.5 Shutdown Cooling Systems
Initially, shutdgwn coohng is accomplished by usin g the mam turbine bypass

' system to direct steam to tm main condenser, and retuming coolant to the reactor with the
condensate and feedwater systems. Heat is transferred to the ultimate heat sink by the
circulating water system. i

Early BWR/3 plants have isolation condensers (Dresden1) that can provide the same high pressure shutdown cooling capabih,2 and 3 and Millstonei
ty as found in 3WR/2 i

plants. Later BWR/3 plants have a Reactor Core Isolation Cooling (RCIC) system which
uses a steam turbine-driven pump to supply makeup to the RCS at high pressure from the i

refueling water storage tank or from the suppression pool. During RCIC system operation,
primary steam and decay heat are transfertwi via the safety /relici valves to the suppression
pool which acts as a heat k. The RCIL acam turbine also exhausts to the suppression
pool. Suppression pool i.ag is provided by the RHR system.

Shutdown cooling is performed directly by the RHR system after the RCS '.as ;

been cooled and depressurized to less than about 125 psig. In this operating mode, the
RHR pumps are aligned to take a suction on a reeirculation loop (suction side of a -

recirculation pump) and return the coolant to the recirculation loop (discharge side of a
recirculation pump). Heat is transferred to the ultimate heat sink by the RHR service water ,

system. Unhke BWR/2 plants, the RHR system in most BWR/3 plants is a multi mode
system that also performs'the ECCS functions of low pressure coolant injection (LPCI)
and containment cooling (drywell and torus spray and suppression pool cooling).
Millstone 1 and Dresden!2 and 3 are the only BWR/3 plants to have dedicated RER I

systems,
in the early BWR/3s (i.e. Dresden 2 and 3), reactor vessel head spray is i

novided b) e Control Rod Drive Hydraulic System (CRDHS) pumps. When head spray
'

.s rec uired aang cooldown, one of two CRDHS pumps is aligned for this fundon. In 1

later 3WR plants, t'ie head spray function is accomplished by the RHR system.
J

9.3.6 Emergency Cire Cooling Systems
,

The ECCS network for a BWR/3 plant consists of the following: ;

l

' The single trairi411gh-Iressure Coolant Injection (HPCI) system which injects |-

water from the refueling water storage tank or the suppress' pool into the .

reactor vessel via a feedwaterline.
Automatic Depressurization System (ADS) which uses aWW half of tr5 RPJ/s< -

(typically uses 6 of the 11) to depressurize 'the RCS ;

The two train Core Spray (CS) system which injects water from the-

suppression pool directly into the teactor ver3el,ateve the core.
The two tram Low Pressure Coolant Injectkn (LPCI) System wthh injects-

water from the sup xession pool directly into the downcomer region of the
~

reactor vessel. The L.PCI system is an operating mode of the PJM system.

The HPCI system utilizes a steam turbine driven pump to stovide makeup at
hign to moderate RCS pressure (i.e. from 1150 to aboct 150 psig). Die HPCI pemp is ;.

l e automatically tripped w besturbine steam inlet pressure virops below 100 psig, therrfore, i
the HPCI system cannot be used for mitigating large LOCAs that depressurite the RCS. In

'

early BWR/3 plants (i.e. Dresden 2 and 3), the HPCI steam line is connected directly to-the
reactor vessel. In later BWR/3s, the HPCI steam line is connected to one of the main steam

.

P
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. lines. The backup to the HPCI system for mitigadng small breaks is the Automatic
Depressurization System (ADS) and the low pressure injection systems. 'Ihe ADS uses
several safetyhelief valves to depressurire the reactor vossel to below the shutoff head of
the pumps in the Core Spray and LPCI systems (i.e. typically 200 to 300 psig).

The CS system injects water directly into th~e reactor vessel, v' spargers located
above the reactor core.

The LPCI system is an operating mode of the Residual Heat Removal (RHR)
system and injects water into the reactor vessel via the the recirculation lines. A " loop
select" logic is used in some LPCI systems to detect the occurrence of a LOCA in aa

'

recirculation loop and direct the discharges of bah LPCI trains to the remaining intact
recirculation loop.' It has been determined that the loop selection mechanism allows a single
active failure (the LPCI injection valve in the path to tbe intact recirculation loop) to disable
the entire LPCI system, placing dependence on the Core Spray system to accomplish the
low pressure core cooling function. As noted above, the LPCI system is an operating
mode of the RHR system which also can be aligned for suppression pool cooling,
suppression chamber spray, or drywell spray.

The AC power lineup for the BWR/3 ECCS includes two electrical divisions
with one LPCS and two LPCI pumps powered from each division. The HPCI pump is
powered by a steam turbine.

9.3.7 Containment (Mark I)
- All BWR/3 plants have a Mark I containment that is functionally similar to the

Mark I containment found in BWR/2 plants. Other sources of steam discharged to the
torus include the HPCI and RCIC pump turbines which are not found in BWR/2 plants,

y-

'+ .

y
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9.4 BERid .

The twenty BWR/4 plants in the United States are the following:

Browns Ferry 1,2, and 3-

. Brunswick 1 and 2
- - Cooper

Duane Arnold-

Fermi 2-

Fitzpatrick-

Hatch 1 and 2-

' Hope Cmek 1-

Limerick 1 and 2
- Peach Bottom 2 and 3

Shoreham-

Susquehanna 1 and 2-

Vermont Yankee-

All of these reactor plants except Limerick 2 and Shoreham had full wer o>erating
licenses as of 2/89. Limerick 2 ente ed commercial operation in early 1 . Shoretam had
a low power operating license

9.4.1 Reactor Core and Reactiv ty Control Systems
Plants classed as BWR/4s can >e grouped into the following categories based

on core thermal power output:

1600 to 1700 MWt Duane Amold and Vermont Yankee-

2380 MWt Cooper-

2430 to 2500 MWt Brunswick 1 and 2, Fitzpatrick, Hatch I and 2,'and-

Shoreham
3300 MWt Browns Ferry 1,2, and 3, Fermi 2, Hope Creek,-

Limerick I' and 2, Peach Bottom 2 and 3, and
Susquehanna 1 and 2 -

The smallest BWR/4 cores typically have 368 fuel assemblies, the intermediate
size cores have 548 to 560 fuel assembhes, and the largest cores have 764 fuel assemblics.
The BWR/4 was introduced with 7 x 7 fuel assem) lies, however, many plants have
changed to 8 x 8 fuel assemblies during successive refueling cycles. Maximum core power
density was 51 kw/ liter with 7 x 7 fuel assemblies.

9.4'2 Reactor Coolant System, including the Reactor Recircti!ation.

System
A typical BWR/4 nuclear boiler is shown in Figure 9.4-1. As it BWR/2 and

BWR/3 plants, recirculation flow rate in a BWR/4 plant is controlled ')y variable speed
motor generator sets which drive variable speed reactor recirculation aumps. The cross-
connection between the recirculation loop discharge manifolds found n BWR/3 plants is
deleted in the BWR/4 and later plants.

9.4.3 Reactor Vessel Level Instrumentation
Reactor vessel water level measurements in BWR/l to BWR/3, and most

BWR/4 plants are made by temperature compensated differential pressure instruments that
have a heated reference column. Operation of this type of instrument is described in
Section 8. Reactor vessel water level measurements in some BWR/4 plants are made by
differential pressure instruments that have non heated reference column. The reference
column is maintained full of condensate by a condensing chamber at the top of the column

9-22 3SO
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which is connected to the reactor vessel steam dome by a sm
Excess condensate drains back into the reactor vessel by *W'I diameter instrument line.ay of the instrument line.
Typical reactor vessel water level instrumentation ranges for BWR/3 and BWR/4 plants are
shown in Figure 9.3 2. e

9.4.4 RCS Overpressure Protection System and Automatic
Depressurlastion System (ADS)
All BWR/4 plants are equipped with Target Rock type safety / relief valves

(SRVs) that operate mechanically for the overpressure protection function and can be
power-operated for relief at lower pressures and for depressurization of the primary
system. About half of the BWR/4 plants also have safety * valves to accomplish the
overpressure protection function.

e
9.4.5 Shutdown Cooling Systems

Initially, shutdown cooling is accomplished by using the main turbine bypass
system to direct steam to the main condenser, and retuming coolant to the reactor with the ;

condensate and feedwater systems. Heat is transferred to the ultimate heat sink by the
circulating water systent -

Altematively in most BWR/4 plants, the RCIC and RHR systems can be used -|
in the steam-condensing mode of operation to provide a closed loop high pressure
shutdown cooling capability. In this operating mode, high psst.re steam from the RCS
passes through pressure reducing valves to the RHR heat exc iangers where the steam is
condensed and heat is transferred to the ultimate heat sink by the RHR service water
system. The primar
the coolant to the_y condensate is directed to the suction of the RCIC pump which retumsRCS. About 1 1/2 hours after reactor shutdown, one RHR heat
exchanger operstmg as a steam condenser has sufficient capacity to handle the decay heat
load. The advantage of this closed loop core cooling scheme is the greatly reduced amount
of heat dum >ed to the suppression pool. In some plants, the steam. condensing mode of
RCIC and R 1R system operation has been permanently disabled.

Shutdown cooiing is performed directly by the RHR system after the RCS has
been cooled and depressurized to less than about 125 psig. In this operating mode, the
RHR pumps are all
recirculation pump) gned to take a suction on a recirculation loop (suction side of aand return the coolant to the recirculation loop (discharge side of a
recirculation pump). Heat is transferred to the ultimate heat sing by the RHR service water
system.

9.4.6 Emergency Core Cooling Systems
'Ihe ECCS network for a BWR/4 plant consisti of the following:

The single train High Pressure Coolant Injection (HPCI) system which injects-

water from the refueling water storage tank or the suppression pool into the
reactor vessel via a feedwater line.

' Automatic Depressurization System (ADS) which uses about half of the SRVs-

(typically uses 6 of the 11) to depressurize the RCS T
The two train Core Spray (CS) system which injects water from the-

"
suppression pool directly into the reactor vessel,.yia spray sparger> located
above the core. 6

The two-train Low Pressure Coolant Injection (LPCI) System which injects-

water from the sup)ression pool directly into the downcomer region of the
reactor vessel. The K1 system is an operating mode of the RHR system.

The BWR/4 ECCS is comparable to the BWR/3 ECCS described in Section 9.3, however,
there are differences in the reactor vessel level setpoints which are used to actuate the

9-23 3/90 l
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various ECCS subsystems. Note that a few BWR/4 plants have 2 x 50% capacity core
spray pumps per train rather than the mue common 1 x 100% capacity pump per train.

.

9.4.7 Containment (Mark I or Mark II)
Most BWR/4 plants have Mark I containments that are comparable to those

found in BWR/2 and BWR/3 plants. The general arrangement of the Fitzpatrick Mvk I
4

containment is shown in Figure 9.4 2. Note that the Brunswick Mark I containment is of
unique construction. Rather than having a free standing stee! drywell and wetwell as in all
other Mark I containments, the Bmnswick Mark I containment is constructed of reinforced
concrete with a steel liner. Mark 11 containments are used for Limerick I and 2,
Susquehanna 1 and 2, and Shoreham. All of these Mark 11 containments have a rcinforced
concrete drywell and wetwell with a steelliner. The general arrangement of the Limerick
Mark 11 containment is shown in Figure 9.4 3. The Mark I and 11 containment are
described in Section 8.

Most BWR/4 plants have eight groups of containment isolation valves (up from
five in BWR/3 plants).
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9.5 ERll
The five BWR/5 plants in the United States are the following:

LaS:Jie 1 and 2-

Nine Mile Point 2-

- - WNP 2

All of these plants had full power operating licenses as of 2/89.

9.5.1 Reactor Core and Reactivity Control Systems
ne BWR/5 nuclear boiler is comparable to the BWR/4 nuct nr boiler shown in .

Figure 9.4-1. The BWR/5 reactor core is rated at about 3300 MWt with a power density of
51 kW/ liter and is comprised of 764 fuel assemblies. The core and reactivity control
system design is essentially unchanged from the later BWR/4 design. He BWR/5 was
introduced with 7 x 7 fuel elements, but has been changed to 8 x 8 fuel assemblies during
successive refueling cycles.

9.5.2 Reactor Coolant System, including the Reactor Recirculation
System
The recirculation system for BWR/5 was simplified by replacing the variable

speed recirculation pump feature found in BWR/2 to BWR/4 plants with constant speed
reactor recirculation pumps and recirculation flow control valves. The revised system
provides improved plant response to load transients (i.e., step increase or decrease in load -
demand). The main turbine control also was modified to match the faster response of the
BWR/5 recirculation flow control system.

9.5.3: Reactor Vessel Level Instrumentation
Reactor vessel water level measurements in all BWR/5 plants are made by

differential pressure instruments that have a non heated reference column. The reference
column is maintained full of condensate by a condensing chamber at the top of the column
which is connected to the reactor vessel steam dome by a small diameter instrument line.
Excess condensate drains back into the reactor vessel by way of the instrument line.

- Typical reactor vessel water level instrumentation ranges for a BWR/b are shown in Figure
9.5-1.

9.5.4 RCS Overpressure Protection System and Automatic
Depressurization System (ADS)
BWR/5 plants are equipped only with safety / relief valves (SRVs) that operate

mechanically for the overpressure protection function and can be povvr-operated for relief
18 SRVs are

at lower pressures and for depressunzation of the primary system. fypically,l. The SRVsconnected to the four main steam lines and discharge to the sup pressLon poo
typically are Target Rock three stage valves which are described m Section hi.

9.5.5 Shutdown Cooling Systems
The BWR/5 shutdown cooling capability is comparable to the BWR/4 -

shutdown cooling capability described in Section 9.4. The BWR/5 RCIC and RHR
systems are designed for operating in the steam-condensing mode to provide a closed loop
high-aressure shutdown coollag capability. A safety related service water system
comp etes the heat transfer path from the RHR heat exchangers and other safety related Mt
loads to the ultimate heat sink. There is no separate high pressure RHR service water
system as in earlier BWR plants.

I
!
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9.5.6 Emergency Core Cooling Systems
.

'Ihe ECCS network for a BWR/5 plant consists of the following:

The single-train High Pressure Core Spray (HPCS) system which injects water-

from the refueling water storage tank or the suppression
reactor vessel, via a spray spar er located above the core. pool directly into the
Automatic Depressunr.auon stem (ADS) which uses less than half of the-

SRVs (typically uses 7 of the I to depressuriae the RCS
The sing!:: train Low Pressure Core Spray (LPCS) system which injects water !

-

' from the suppression pool directly into the reactor vessel, via a spray sparger
located above the core.
The three train Low Pressure Coolant Injection (LPCI) System which injects-

;

water from the suppression pool directly into the core bypass region inside the ;

core shroud. 'Ihe LPCI system is an operating mode of the RHR system. Note i

that RHR trains A and B have multiple modes of operation. Train C operates
only in the LPCI mode.

The HPCS system replaces the HPCI system found in BWR/3 and BWR/4
plants. The HPCS system uses an electric motor driven pump to inject directly into the
reactor vessel through a spray header above the core and is designed to work over the full
range of RCS operating pressure that may be encountered following a LOCA. The HPCS
pu,mp is powered from a dedicated diesel generator which functions as a constant torque
drive. Except at the extremes of the operating range, HPCS flow is inversely proportional
to reactor vessel pressure. In contrast, the HPCI system in BWR/3 and BWR/4 plants
uses a steam turbine-driven pump to inject water into the reactor vessel via a feedwater line +

under high to nodera; pressure conditions. The HPCI steam turbine is automatically ;

tripped under low steam prenure conditions.
!'

The BWR/5 LPCS system is a single train system. In earlier BWRs, the Core >

Spray System typically was a two train system.- As discussed above, the HPCS system is
capable of operating over the full range of RCS operating pressure, therefore, the HPCS :
ri forms the function of the redundant core spray train in earlier BWRs.

The BWR/5 LPCI system injects directly into the reactor vessel (into the core ' +

bypass region inside the core shroud) rather than into a recirculation loop as is done in -

BWR/2 to BWR/4 plants. This design change reduces LPCI head loss and' power *

; requirements in comparison to earlier BWRs. As noted above, the LPCI system is an '

i . operating mode of the RHR system which also can be ailgned for reactor vessel head >

spray, suppression pool cooling, suppression chamber spray, drywell spray, or high.o
-

?ressure decay heat removal (i.e. steam condensing operation) in conjunction with the
RCiC system.

As in most other BWRs, the service water system is capable of being connectedu

|~ to an RHR injection line to perform the low-pressure core or containment flooding
function.

H The AC power lincup for the BWR/5 ECCS includes three electrical divisions
|

| with'one LPCS and one LPCI pump on division A, two LPCI pumps in division B, and :
the HPCS pump on division C.

.

9.5.7 Containrr.ent (Mark II) -
,

L All BWR/5 plants have Mark Il containments, although construction techniques
p vary significantly, as shown below:

,
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.f

Caneminment Canttruction Appilcable Plant

Reinforced concrete drywell, free-standing WNP 2
steel wetwell

Reinforced concrete drywell and wetwell Nine Mile Point 2
with a steelliner

_.

Reinforced concrete drywell, pst tensioned LaSalle 1 and 2
concrete wetwell with a steelliner

All Mark 11 containments also have a secondary containment, as described in Section 8.

.
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9.6 RER/4
he six BWR/6 plants in the United States are the following:

Clinton 1-

Grand Gulf I and 2-

Perry 1 and 2-

River Bend 1-

'

All of these plants except Grand Gulf 2 and Perry 2 had full power operating licenses as of
2/89. Construction on Grand Gulf 2 and Perry 2 has been halted. There are two standard
BWR/6 designs; one with a 238 inch diameter reactor vessel and one with a 251 inch
reactor vessel. Clinton and River Bend use the smaller vessel, while Grand Gulf and Perry
use the larger vessel.

9.6.1 Reactor Core and Reactivity Control Systems
Plants classed as BWR/6s can be grouped into the following categories based

on core thermal power output:

2900 MWt - Clinton and River Bend-

3600 Perry-

3850 MWt Grand Gulf-

The lowest power level )lants have cores comprised of 624 fuel assemblies, the
intemdiate power level p ant (Perry) has a 748 fuel assembly core, and the core in the
highest power level plant (Grand Gulf) consists of 800 fuel assemblies. The use of smaller
diameter jet pumps allowed BWR/6 core diameter to be increased without increasing the
size of the reactor vessel.

The BWR/6 introduced the use of the 8 x 8 fuel assembly which allowed core
power density to be increased from'51 to 56 kw/ liter while decreasing the linear heat
generation rate from 18.5 to 13.4 kW/ft. The higher power density of the BWF T core
allows the core to be smaller than a comparably ratect BWR/4 or BWR/5 core, in the
Clinton and River Bend plants, this enables the use of a smaller reactor vessel.

9.6.2 Reactor Coolant System, Including the Reactor Recirculation-
System -
A typical BWR/6 nuclear boiler is shown in Figure 9.61. The recirculation

system for BWR/6 uses constant speed reactor recirculation pumps and recirculation flow
control valves as found in BWR/5 plants. The BWR/6 rectreulation system uses an
improved jet pump design that permits a smaller annulus between the reactor vessel and the -

. core shroud for recirculation flow. His allows an increase in core diameter for the same
size reactor vessel.'

9.6.3 Reactor Vessel Level Instrumentation
Reactor vessel water level instrumentation in BWR/6 plants is comparable to

that used in BWR/5 plants. Reactor msel water level trip and alarm elevations associated
with a BWR/6 are shown in Figure 9.6-2.

9.6.4 RCS Overpressure Protection System and Automatic
Depressurization System (ADS)
BWR/6 plants are equipped only with safety / relief valves (SRVs) that operate

mechanically for the overpressure protection function and can be power-operated for relief
at lower 1ressures and for depressurization of the arimary system. Typically,16 to 19
Crosby S Ws are connected to the four main steam '.ines and discharge to the suppression

i
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pool. Operation of this type of valve in the relief mode is controlled by an external
pneumatic piston. j

i

9.6.5 Shutdown Cooling Systems ;

The BWR/6 shutdown cooling capability, comprising the single train RCIC
system and the two-train RHR system, is comparable to that found in BWR/5 plants. A |
change made in the RHR system was to return coolant to the RCS via a feedwater line

'

rather than a recirculation line during operation on the shutdown cooling mode.

9.6.6 Emergency Core Cooling Systems ]ne ECCS network for a BWR/6 plant consists of the following:-

,

The single train High Pressure Core Spray (HPCS) system which injects water )-

from the refueling water storage tank or the suppression pool directly into the
reactor vessel, via a spray sparger located above t2 core. j

Automatic Depressurization System (ADS) which typically uses lets than half .-

of the SRVs to depressurize the RCS l
The single train Imw Pressure Core Spray (LPCS) systern v.hich injects water -

-

L from the suppression pool directly into the reactor vessel, via a spray sparger i
located above the core.
The three train Low Pressure Coolant injection (LPCI) System which injects i-

water from the suppression pool directly into the core bypass region inside the -

core shroud, ne LPCI system is an operating mode of the RHR system. Note ;

that RHR trains A and B have multiple modes of operation. Train C operates
only in the LPCI mode.

.,

The BWR/6 ECCS is comparable to the BWR/5 ECCS described in Section 9.5. )

9.6.7 Containment i

All BWR/6 plants have Mark Ill containments, although the construction !

techniques vary, as shown below:

Containment Construction Annlienhle Plants

Reinforced concrete drywell, steel wetwell Perry and River Bend -i

Reinforced concrete drywell and wetwell Clinton and Grand Gulf i

with steelliner -,

i

All Mark III containments also have a secondary containment, as described in Section 8.
'

,
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10. COMPARATIVE HOll,1NG WATER REACTOR (BWR) DATA ;;.

1

Comparisons of basic plant parameters and system design features of General
1Electric BWR/l to BWR/6 plants an presented in the following tables in this section:

Table 10-1 Design Parameters for Representative General Electric PWRs )-

Table 10 2 Comparison of General electnc BWR Vessel and Core Parameters i-

!

Table 10-3 General Electric Boiling Water Reactor Plant System Comparison-

)Table 10-4 Comparison of General Electric BWR Recinulation and-
.

. . .

\v Shutdo . Cooling

Table 10-5 Comparison of General Electric BWR Primary System Relief ;-

Capa,:ity
|

Table 10-6 Comparison of General Electric BWR Emergency Coolant j-

Injection and Spray Systems ;

Table 10 7 Comparison of General Electric BWR Containments-

Table 10 8 Comparison of General Electric BWR Backup Electric Power f-

Systems

Table 10-9 Comparison of General Electric BWR Power Conversion ;-

Systems !

F

10-1 3NO

C
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E . Table 1"~ ' Design Paranneters for Representative General Electric BWP3 '
(Continued) -

-

NEAE s us FLANT . . 5 W N/I BW RIZ - B W E/3
~

BW R/4 - . B W R/5 B K Ri4

CHARACTERISTICS - BIG ROCK POINT OYSTER CREEK MONTICELLO - PEACH BOTTOM LA SALLE . GRAND GULF
7251-764 251-764 251 734

Feef .4ssens45es / Censpel Neds
FietI%ess rw-mer ot345 2 0.4195 0.488 - 0.488 : 0.488 0.41

ammarA e 12 m 12(onesnel) 7 m 7(ensamnI) 7 m7(ensami) 7 m7(oriammi) 7 m7(enssnal) 8 m 8(enssral)
' i

'

Fure Reds Per1%rl Assumidy 132 # 4* 49 49 62 . .

$ s:dx,dr sa am se 56 0 484 M4 M4 784
.

h d CosmselReds 24 137 121 185 185 193
- <

m rs.r c es : - - .%
-

ReRowCame iunde - vminue spesa vend 4espeed . v.,i bse speed vensuesrc . a cmas miam a.c. cess,.e

me m 1%mupe Re+ Pwaps N Punips R W a amups Row Camrei Vehes Row Camera Vdves

Cootssa/Seeme Pipe W(ednes) UmkJ Lhsk. 26 / Unit 28/18 A /28 24126 24128

Nimmber d Racn-a== 1 maps ' 2 5 2 2 2 2

Nimmber d Ra W Puseps 2 Cemenfusal Puenys 5 Caenfugrl e%rnps 23 Jet Pmmps 20 Jen Pergps 20JetPwsps 24 Jet Pimmps

hde Pressure (psis) Unk- Unk. I148 1148 1250 1250 ,

. t
t

Oude Piessese(psis) Unit Unlu 1248 1326 If30 1625

DesignTe(Dessees Falmenheit) . Unk. UnlL 562 562 575 575
g

Pwnp h8=- Row Rsse (Gym) 1.500 32A00 32,500 45.200 47.372 44.900

- . . .

Pressere Vessel ' 1

Inside N==ner(fL) 8.83 17.75 17.17 20.92 20.92 20.92 . !

g,gde Heista (R.) 28.42 63.83 6117 72.92 72.92 73.00 -
~ ~

Wall"Duckness d Cylinder (in.) 5.25 7.125 5.187 - 6.3125 6.75 6.14

Design Pressure (psis) 1703 1250 1250 1250 1250 1250-

|

'
tu

;

,

I

1
,

!
,

.- - - . ,, - . . - , _ _ __ _ __ _
_
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. Table 10-1. Design Parameters for Representative General Electric BWRs
.

7(Continued)

REALIUK PLANT - B W Ril --B W RJ2 B W ati3 'c M Ri4 B WRs5 B W Ai6
CHARACTERISTICS BIG ROCK POINT OYSTER CREEK MON"W C.LO PEACH BOTTOM LA SALLE . GRAND GULF ~

251.i64 '251-764- 2512784
Care 5sandby Coening Subsynnems
fligh Mssure Coolms / Injection Sysieras isolmuen Condenser isoleuen Condmser la RCIC'sarbine la RCIC-Ta1.nne In RCIC-Turbe I: RCIC. Tuber

, FWC1 la HPCI-Turbe inIIPCI-Te bine la IIPG-Moaor Im IIPCS-lWeor
l-

.

RCS R, :-- =--- System ADS ADS ADS ADS ADS ADS'

l I.ow Presame Core Spray Sysserns Low Nesse Racire. None 4 RHRAPCI 4 x RIIRLPCI 3 RHRAEC1 3 a RHR/UC|

via Spray Sys.

Low Pressure Injection Systems Fise WanerSyrimm 2 IJCS 2 : LPG 2xIPCS I a IECS ImIECS

Ceasassmens
Type I.mse Dry Pnmary Mark I Pressure Mad I Psessese Mask I Nssue Mask II Nssen: MmAIII Psessereb. c ' ~ . . __.. Prunary ,, m Pnrnary Suppsessics Pnmary

* _. Pnsnary _ N nery
* *

,

t c- % Comas. nema h c - -- % c- % C ,, am-
l

Secondary Comassamerm -- '- , Owenamnem Secondary Omansement Secondary Cmnemmenes %O
Inenug Not Regemed Raymed Regund Regmed Regmed h Regmed

[ Drywes . Comoucnon m Appi c= hie Se.el Vessel.
.

Semel vemel. Saeel Venet. Canone o csme -

Light Bulb Shapeu Light Bulb Shaped Ligin Bulb Shaped Fnmerum of Cone Cyloider

Drywell Design Tangermane CF) 235 175/281 281 281 340 330
'

Drywen Imernal Design Nessee (psig) 27 62n5 % % 45 30 -

Drywc5Ihe AirVohene(ft3) 1.150.000 180.000 134.200 175.800 221.500 270.000

SuppeenianC1 ehr-4awucnon Not Apphcable Sseel Vessel. Sesel Vesel. Seeel Venet. Canoese Vessel. Seeet Vessel.
Torus Shaped Torus % -A Tones Shaped Cylmuler Cylander

,

I
Under Drywell Areemd Drywell -)

i

Suppressies Omnber Design Temp. (*F) Not A ylacable 150 281 - 281 ' 275 185l
i

Sumpression Oiernber Design Nsa. (psig) h A ylacsNe 35 % 52- 45 - 15 il
,

Suppression Ommber Waner Vohene (ft3) k ApplicaNe 87.900 77.970 123.000 109.100 1 %.000

Suppression Oimmber Air Volume (ft3) h Applicable 128.000 108.250 127.700 IM.400 1.264.000

Designleak Race (wi%/ day) 0.5 0.5 . 0.3 0.5 0.5 0.35
(A

b

.

.-

1
i ,._. .s. _ .- - 4 _ _ __- _~ ~ ._ _ _ . . - . . _, ~ _ _ . _ _ _ _ _ _ _

_ _ _ - _ _ _ __
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Table 10-2. Comparison of General Electric BWR Vessel and Core Paranneters

SWR Reactor Plant Core Reactor Core Core Core Average Nisaber Fees Number

Type Name Power Veeeet Egelvstent Active Power Deneity of Feel Element of Centrol

(R$Wt) 8.D. (in) Dessa. (in) Heleht (in) (k W/IIter) Elemente Geometey Rede

BWR/1 Big Rock Point 240 106 62.5 70 46 84 12 x 12 24

BWR/2 Nine Mlle Point 1 1850 213 167.1 144 40.6 532 8x8 129

BWR/2 Oyster Creek 1930 213 170.5 144 40.6 560 8x8 137

BWR/3 Monticello 1670 206 149 144 41.1 484 8x8 121

BWR/3 Millstone 1 2011 224 163.1 144 40.8 580 8x8 145

BWR/3 Pilgrim 1 1998 224 163.1 144 40.2 580 8x6 145

BWR/3 Dresden 2 and 3 2527 251 182.2 144 41.1 724 9x9 177

dn BWR/3 Quad Cines 1 and 2 2511 251 182.2 144 40.6 724 8x8 177
O

BWR/4 Duane Arnold 1658 183 129.9 144 50.9 368 8x8 89

BWR/4 Vermont Yankee 1593 206 131.5 144 50.9 368 8x8 89

BWH/4 Cooper 2381 218 158.5 150 51.8 548 8m8 137

a

BWR/4 Brunswick 1 and 2 2436 21L 160.2 150 50.5 560 8x8 137

BWR/4 Fiupatrick 2436 218 160.2 150 50.1 560 8x8 137

BWR/4 riad 1 and 2 2436 218 160.2 150 49.2 560 8x8 137

BWR/4 Shoesham 2436 218 160.2 150 49.2 560 8x8 137

BWR/4 Browns Ferry 1, 2 & 3 3293 251 187.1 150 50 764 8x8 185

BWR/4 Fermi 2 3293 251 187.1 150 48.7 764 8x8 185

BWR/4 Hope Creek 1 and 2 3293 251 187.1 150 48.7 764 8x8 185

BWR/4 LimerkA 1 and 2 3293 251 187.1 150 50.8 764 8x8 185

_

i

i
,

r
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Table 19-2. : Comparison of Ger.eral Electric BWR Vessel and Core,Paranneters'.
, (Continued)

'

sWn- mesesor Pient . . core noecier c.ee cae c.ee Averese nu meier Foss ne menor
Type Home Power Vessel Egelvstent Active Power Deneity . of Fool : Elesment ' of conceal

.,

-

IMWtl I.D. (la) Dieu.-(in) ;'6t (in) I k W/18 t e ri Elemente Geomeerv Rede

BWR/4 M Boeom 2 S.3 3293 '251' 187.1- 150- 49.2 764 8x8 185-
'

t

BWR/4 Suetpohanne l and 2 J3292 251 187.1 150. 4 8.7. ' 764 8x8 185

BWR/5 Lase 8e 1 and 2 -3293 '.25 t 187.1. 150 48.7 764 8x8- 185

BWRf5 Nine Mlis Point 2 3323 251'- '187.1 '150 49.2 764 8x8 185.. -

BWR/3 WNP-2 3323 251 187.1 -150 '49.2 764 8x8 185 *

3..

BWR/6 Clinton 2894 218 169.1 150 52.4 624 8x8 '145

BWR/6 R;wer Bond 1 2894 218 169.1 150 .52.4 624 '8x8 us

' BWR/6 Pony 1 and 2 3578 238 185.2 150 54 748 8x8 177 ;- {

!BWR/6 Grand Gulf 3833 251 191.5 .150 '54.1 800 8x8 -193

!

!.-

i
'

>

>

>

b

.

,., . - , -. .~r., ,.,aE.+ m- -r y ,. <- , , - ..e- ~%-- * . . , , - e.,.. - e

'
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. Table 10-3. General Electric Boiling Water Reactor Plant Systeen Cosaparison
|

I
. SystemsCapmMeof Sysaems Capable of Systems for Sysanus for ' RCS Pkmee Reisef : '!

Shmadma Omanummam ' valm(OmymmereCae Coolers hyrmaa Come Coolen kr-+= & Ptol % mer -. .jmlegh Pressee a law Phmmme

Eil!hi21!l | . 51 a i i t*E a @-

Bia Rock Poim 1 240 hv - -!

-|Ovsner Oeek 2 1930 MK-6

Nine Male Pbiet I 2 1350 MK-I

Miussene 1 3 2011 MK-I ..

Dresden 2 & 3 3 2527 MK-1 '

3 1998 MK-I

Maramco 3 16M MK-I !

h 3 2511 MK-I |-

M 4 3293 MK-I - !

Vemmem Youkee 4 1593 MK-I |
'

Pendi Bomami2 & 3 4 3293 MK-I
Hande l 4 24 % MK-t
Handi2 4 24 % MK-1 -

' '

> 4 2381 MK-1 ' ;

Dumme Amaid 4 1658 MK-I

C 4 24 % MK-I

fBrumsesak I & 2 4 24M MK-I '
Pere 42 4 3293 MK-I

Hase QeekI 4 E MK-I i

Lemusick I & 2 4 E MK-H

Shantama 4' 24 % MK-
" " 142 4 329,_2 MK- -- ,

WNP-2 5 E MK-U
,,

I.aSmile t & 2 5 3p3 MK-H

Nine Mile Point 2 ' 5 3323 _MK-H
W Gamd Omir1 & 2 6 3833 MK-

Ptsry I & 2 6 3579 MK
3

- Clisen 1 6 2094 MK-IU ) {
Rrver Bend I 6 2894 MK-HI k

, 3,-

I
L

!

_ _ . _ . -_ __ _ _ - _ _ _ _ - - - , , - - - - , . _ . - - . - - - ~ . _ ~ _ _ - - _ _ , , _ _ _ _ - - _ _ - . _ _ _ _ _ , _ - - _ _ . . _ . - - . ~ . . _ . - ~ . _ m____.___ ___
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Table 10-3. General Electric Boiling Water Reactor Plant Systene Cosaparison'(continued).' . .
-

L:

Notes: -

(A) Data compiled from a variety of sources including NUREG-0626, NEDO-24708, NUREG/CR-2585, NUREG/CR- -
3713 and ORNL-NSIC-55.- . . .

-

- (B) System abbreviations are defined as follows: :
|

. - feedwater coolant injection system -FWCI =

highro ecoolantinjectionsystemHPCI- -=1

high pressure core spray systemHPCS =

reactor core isolation cooling sysaem (single mode system)RCIC ' =
similar to RCIC plus steam condensing operation with 'RCIC-SC; =

RHR-M2
controlrod drive hydraulic systemCRDHS =.s

- lowrwe core spray systemLPCS =

Iow we molant injection system (single mode system)LPCI =.
' multi-mode RHR system perforr ing LPCI, shutdown cooling, suppression pool cooling and-

r
RHR-M1 ' = '

-

9 containment spray furn;tiens y

same as RHR-M1 plus steam cer4cidng operations f ''-SC
RHR-M2 =

isolation condenser sy.-tem for shutdown cooling at hi me
ISO COND =-

single-mode residual heaanoval system for shundt - ag atlow pressure
RHR-S - =

containment spray, which is an operating mode of sor, a multi-mode system ~
CS-M = '

- single-mode containment spray system ._CS-S =

safety valves which open mechanically on high system pressureSV =-

safety / relief valves which ~will .open mechanically on high system pressure or can be openedSRV - =-
electrically atlowerpressures . _.

i l i l f t ti n at any
,..

PARV = n power actuated (Electromatic type) relief valves which requ re e ectr ca power or ac ua o
system pressure
automatic depressurization system which nahm some er all SRVs and PARVsADS - =

(C) Fire protecten system can be aligned for low naute coolantinjection
(D) Containment / suppression pool cooling is an operating mode of the LPCS system

.

(E) Containment / suppression pool cooling is an operating mode of C LPCI system
(F) ' Containment / suppression pool cooling is an omating mode. miti-mode RHR system (RHR-MI or RHR-M2)

u

$ (G) Only a single 100% capacity LPCS pump. Otkr plants typic _u) aave two 100% capacity LPCS trains

(H) Piping for RCIC/RHR steam condensing operation ico.usd '

-

- ~ __
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~ Ts.ble 10-4. Comparison of General Electric BWR Recirculation and
). Shutdown Cooling (Continued -
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- - Table 16-5. Comparison 6f General Electric BWR Prirnary System
~

Relief Capacity '

-

'

# of |# Safety 8 Powered
. .

BWR Reactor Plant BWR Safety ~ ; Reflef Rollet Lowest Setpoint (pele) Capacit'r (Kit' n Notes *

Type Valbes Valves Valves ' - Safety Rollef Safety Rollef
Big Rock Pont 1 :6 0 4- 1585 1535 - 240 518 Rohet valves used by reactor

to!585 tiepressurization sys. only
,

Nine MHe Point 1 2 161 0- 6: 1218 1090 633 .600 Electromatic relief valvo '

- to 1254 to 100 to 651
Oysser Creek 1 2 16 0 5 .1212 1050 634 600

to 1239
' Dresden 2 & 3 3 8 1 -4 ..1115 1115 622 540 Electromatic relief valves '

to 1260 to 1135 to 655 to 622
; MHistone 1 3 0 6' O- 1095 1095 800 800

to 1125 to 1123
Monticello 3 2 6 0 unk._ -1108 unk.' 840

Pilgrim 1 3 2 3 0 1240 1095 640 800

h iQuad Caos 1 & 2 3- -8 1 4 . I t 24 to 1080 588to 558to Etoctromatic restof vapwes

[ 1260 to 1124 644 598 TarnstRod SRV
,

!Broome Ferry 1,2. A 3 4 0 13 0 1000 to . 1030 to 85C 850
1100 1100 to 867 to 867 i3

Bruneutch 1 & 2 4 0 11 0 1105 1105 870 830
i

10 1125 to 1125 to 845 to $45
Cooper 4 3 8- 0 1000 to 1080 842 870 5

')?40 to 1100 to 870
Duane Amold 4 2 6, -O. -1246 1080 642 830 t

1

Formi 2 4 0 15 0 1110 1110 884 to 884 to
i to 1130 to 1130 900 900

,.'!
,

Fitzpetrick 4 0 :11 0 1090 1090 798 738 -

to 1140 to 1140 to 855 to 855
Hatch 1 {4 .0 11 0- 1080 1080 870 870 .i

to 1100 to 1100 ' -i
Hatch 2 4 .'2 9 0 1080 1080. 870 870

to 1100 -to ' 1100 i

Hope Creek 1 & 2 4 0 14 0 1108 1108: 884.. 884-
to 1130 to 1130 to 901 to 901y

Umerick 1 & 2 4 0 14 0 1130 1130 901.5 901.5--
| to 1150 to 1150 to 917 to 917

_

i

' ~

' 1
.

,a w* %...-m - - <-x' ,g---. 'y 93 ew . -y n' h tw=..y, 4 y- y.my-<+.--y.* e y ,- e = .w - . - , , = ,, ,-v- .,- q w , ,w.w-r.- # v++ sm... ,+w - . . 4-
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Table 1G-5. Cofr;parison of General Electric BWR Prifnary System
Relief Capacity (Continued)

# of # Safety;# Powered
BWR Reector Plant SWR Safety Rollef Rollef Lowest Setpoint (pole) Capacit'r (KIb/ht) Notes

Type Valves Valves Valves Safety Reflef Safety Reflet

Pem:h Bottom 2 & 3 4 2 11 0 1230 1105 925 819

Shoreham 0 11 0 1115 1115 889 889

-Susquehanna 1 & 2 4 0 16 0 1146 1146 845 845

Vermont Yanhoe 4 2 4 0 1240 1080 925 800

LaSame 1 & 2 5 0 17 0 1076 1076 850 850

Nine M68e Point 2 5 0 18 0 1148 1148 882 882

to 1205 to 1205 to 925 to 925

WNP-2 5 0 18 0 1177 1177 864 864

1217 to 1217 to 906 to 906

9 Clinton 1 6 0 16 0 '03 1103 895 895-

to .123 to 1123 to 913 to 913
C

Grand GtAt 1 & 2 6 0 20 0 1165 1165 895 to 895to

to 1190 to 1190 913 913

Perry 1 & 2 6 0 19 0 1165 1165 895 895

to 1190 to 1190 to 913 to 913

Rner Bond 1 6 0 16 0 1123 1103 913 895

Note: 1. Saloty vares open machenecaNy at a
prodotermM @ pressure sogant.

2. Power-aceusted relief valves requwe power for
operation.

3. Salstyeelief valves open .vwha |:p at a
pree ..M high pressure setpoint and can be
power actum: M to open at a lower pressure.
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Table 10-6.: Cosnparison.of General Electric BWR EinergencylCoolant Injection -
and Spray Systems (Continued)
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1 Table.' 10-7. Comparison of General Electric BWR Containtnents'(Continued)-
' '

,

.

. , - . . .

_
SWR Primary Drywell Drywell . Drywest Wotwell Wotweit WetweII Wetwete Deeegn Doessa ..

DeeI n Tony Preesere Least Nees -
Plant femme Type . Cent, tieteries & Free Votees Design Temp BBeeerlet & Wila. : Free Aten. Water O

'

Tyse Cenettwetion (ft3)^ Idem FI Cenetractlen Vol. tit 31 Vol. (ft33 (den F1 (selel '% wef/dow

taselle t & 2 5 Rek et -- -Rowd. Conc.; 209,300 340 Peerune. Conc. 1 e4.500 124.000 275 45 0.5 -

W Steel Snor

%ne Asse Point 2 5 .. het it . Assit. Conc. . 303.418 = 293 Rawd. Conc. 192.028 354.794 212 45 - t .1 -

i' d $8 eel Ener

W NP-2 5 . Adk it Reed. Conc. - 200.540 340 Free Stenent 144.184 i12.197 270 45- 0.5

Steel '

Osnaar 1 .6- het III Romit Conc ... :.250.000 . 330 . Remt. Conc 1.075.300 135.700 185 15 0.65 r

WI Saoel Ener

Grand Gutt 1 & 2 - 6. BAL let . Rord. Conc. . 270.000 330 Remt. Cent i.284.000 136.000 185 15 0.35 --

W Steel Ener

Pony 1 & 2 .e het III . Assit.Cw; 278.000 330 Semel 802.000 120.000 185.- 15- 0.2

330.- sanoi 733.000 12 7.e30 te5 15 0.2e .-

| ~ 253.000mer sene i s. am ni Rand. Cone.
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- Table 10-8. Comparison of General Electric 'BWR' Backup Electric Power Systems. -

>

Shored Dedicated Continuous e of

BWR Diesels Diesels . rating Diesel Betteries
Reactor Plent . Type per Plant per Unit (kW) Manufacturer per Plant" Voltene Notes

Big Rock Point . -1 None 1 200 , Caterpflier 1 125

Nine Mda Point 1 2 None 2 2560- Gen. Moeors 2 125

Oyster CTook 1 2 None ^2 2500 Gen. Motors 2 125

D.weden 2 & 3 3 1 1 2650 Gert Motors 2 125
2 250

Miilstone 1 3 None '1 3000 Fairbanks-Morse 2 125
1* '12000* unk. * Gas Turbine Generator

Monticelb . 3 None 2 2500 Gen. Mosors 2 125
1 250

Pilgrim 1 3 None 2 2600 Aloo 2 -125
1 250'

% Quad CMos 1 & 2 3 1 1 2850 . Gen. Motor:. 2- 125
-
" 2 250

Browns Ferry 1. 2 & 3 4 4* 4 2600 Gert Motors 3** 250 ~4 DG's for units 1 & 2. 4 DGrs for urut 3.
**3 x 250 VDC divisk is supply all 3 units

Brunswkk 1 & 2 4 None 2 3500 Nordberg 4 125

Cooper 4 None 2 4000 Cooper-Bessemer 2 125
2 250

Duane Arnold 4 None 2 2850 Fairbanks-Morse 2 125
1 250

Fermi 2 4 None 4 2850 Fairbank7-Morse 2 130/260

Fitzpatrick 4 None 4*- 2600 Bruce GM 2 125 * Paralleled in sets of 2 geriorators
--8ving one AC dnnsion

Hardi 1 & 2 4 1 2 2850 Fairbanks-Morse 4 125/250

Hope Creek 1 & 2 4 Nr 's 4 4430 Fairbanks-Morse -6 125.
2 250* *1 for HPCI /1 for RCIC

Limerick 1 & 2 4 Nas 4 2850 Colt-Pleistick 2 125
2 250W - ~ . .

-
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- Table 10-8. Comparison of General Electric'BWR Backup Electric Power Systems -

'

(Continued)
y

.4

Shared Dedicated Continuous e of '
'

8WR Diesele Diesels reting - Diesel Betteries

Reactor Plant Type per Plant per Unit (k W) Manufacturer per Plant Voltese Notes
Peadi Bottom 2 & 3 4 4 . 2600 Fairt>anks-Morse 8 125 4 dessel generators supply 4 AC dhnssons

4 125/250 in each unit.
Shoreham 4 None 3 '2750- Gen. Motors unk.- unk.

Susquehanna 1 & 2 4 4 2950 unk.. 8 125 4 diesel generators supply 4 AC dnnesons
4 250 in each unit.

Verment Yankee 4 ftre 2 3090 Gert Motors 2 125

| !.aSails 1 & 2 5 1 2 2600- unk.
~

250
1* unk. 6 125- HPCS desel'

Nine Mile Point 2 5 Mme 2 4400 Cooper .3 125
1- 2657 Gen. Mosors HPCS dosel

W MP.2 5 Ncrw 2 -4400 Gen. Motors 2 125
I~ 1* -2600 unk. 1 250 HPCS diesel

Clinton 1 6 Pkre 2 3500. unk. 4 125
00 1* 2200 unk. HPCS diesel '

Grand Guit 1 & 2 6 Nons 1 2 7000' Del.svale 4- 125
1* j 3300 Gert Motors HPCS diesel

,

.]
7000 unk.- 3 125Peny 1 & 2 6 ftne 2

1* 7560 HPCS desel -;

River Bond 1 6 Hone 2 3500 unk. 3 125
i1* 2860 HPCS diesel g

|

|
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A 1; INTRODUCTION *
. . i

%is appen6x is a bibliography of general references for PWR and BWR-. >

. plants The refencam are organized in the following categories:
'

,
,

Light Water Reactors (LWRs), general'-
;

Pressurized Water Reactors (PWRs), general . ;
--

Westinghouse PWRs
.

'-

- ; Westinghouse PWRs, general 1
- Westinghouse 2-Loop PWRs :
- Westinghouse 3 Loop PWRs

Westinghouse 4-Loop PWRs -
Combustion Engineering PWRs-

- Babcock & Wilcox PWRs-
.

General Electric Boiling Water Reactors (BWRs)-

Three other bibliographies provide additional references as follows: . .

Appendix B: , Bibliograp of plant specific refeiences !
-

Appendix C: Bibliograp of nuclear power plant system references-

Appendix D: Bibbograp of nuclear power plant component references-

_. ;

A2. LIGHT-WATER REACTORS (LWRs), GENERAL ~
*

,1. TID 14844, '' Calculation'of Distance Factors for Power and Test Reactor
Sites," USNRC, March 23,n1962. -|,

21 WASH 1250, "The Safety of Nuclear Power Reactors (Light Water Cooled)
and Related FacUities," USNRC, July 1973.

>

3. WASH-1270, " Technical Report on Anticipated Transients Without Scram for .
|. Water-Cooled Power Reactors," USNRC, September 1975.

[4. : WASH 1400, " Reactor Safety Study - An Assessment of Accident Risks in
,

U.S. Commercial Nuclear Power Plants," USNRC, October 1975. '

5. NUREG 0020 (Series), " Licensed Operating Reactors Status. Summary -

Repon (Grey Book)," USNRC, issued monthly.1'

,

6. NUREG 75/001, " Summary of Radioactivity Released in Effluents From a
- Nuclear Power Plants During 1973." USNRC, January 1975. ''-

|- ' 7. NUREG-75/032, " Occupational Radiation Exposure at Light Water-Cooled ,

| Power Reactors,1969-1974," USNRC, June 1975. !

h 8. NUREG-0109, " Occupational Radiation Exposure at Light Water Cooled-
'

. Power Reactors - 1969-1975," USNRC, August 1976. '

) 9. NUREG 0227, " Nuclear. Power Plant Operating Experience. 1974-1975,"
"'

USNRC, April 1977.
~

<

,

10. NUREG-0323, ." Occupational Radiation Exposure at Light Water Cooled
Power Reactors,1976," USNRC, Mr.rch 1978.

:

Al 3/90
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11. NUREG-0460,' Volumes 1 to 4,'"Antici sted Transients Without Scram for.
Light Water Reactors," USNRC, April : 978 (Vols.= 1 & 2), December 1978 ]

. (Vol. 3), March 1980 (Vol. 4). !

12.;NUPEG-0482,." Occupational Radiation Exposure at Light Water Cooled )-

Power Reactors .1977," USNRC,1979

13. NUREG 0483, " Nuclear Power Plant' Operating Experience 1977,"
USNRC, February 1979. ;7

1

. 14. NUREG 0594, ." Occupational Radiation Exposure at Commercial Nuclear j
Power Plants,1978," USNRC, November 1979.- ;

1
15.: NUREG-0618, " Nuclear Power Plant Operating Experience - 1978,"

'

:r
T USNRC, December 1979.

.|

16. NUREG 0713, Volume 1," Occupational Radiation Exposure at Commercial
,

. Nuclear Power Reactors - 1980," USNRC, December 1981.

. 17.' NUREG 0713; Volume 3, " Occupational Radiation Exposure at Commercial
- Nuclear Power Reactors - 1981," USNRC Management Information Branch,- !

'

November 1982.
'

18c NUREG-0714. " Volume 1, " Occupational Radiation Exposure Report,
Twelfth Annual Report 1979," USNRC Division of-Data Automation & ;

' Management Information, August 1982.

1

19. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis a,

Reports for Nuclear Power Plants - LWR Edition," USNRC, July 1981 (with -|
continuing updates).'

|
|

20. NUREG-1291, "BWR and PWR Off-Normal Event Descriptions," USNRC i

Division of Licensee Performance & Quality Evaluation, November 1987. -|
_

21. NUREG/CR-0369, " Reactor Operating Experiences 1975-1977," Oak Ridge |

National Laboratory, October 1978.
'

.|

22. -NUREG/CR-1414, "An- Assessment of the Literature Related to LWR-~

Instability Modes," Rensselaer Polytechnic Institute, April 1980. |

23; NUREG/CR-1496, " Nuclear Power Plant Operating' Experience-1979,'
Annual Report," Oak Ridge National Laboratory, May 1981.

I 24. NUREG/CR-2000 (Series), " Licensee Event Report (LER) Compilation,".- j
Oak Ridge National Laboratory, issued monthly. |

25. NUREG/CR-2378, " Nuclear Power Plant Operating Experience 1980,'' Oak D

Ridge National Laboratory, October 1982.
.

,

26. NUREG/CR-2462, " Capacity of' Nuclear Power Plant Structures to Resisto ,

Blast Loadings," Sandia National Laboratories, September 1983.
!
?

,

.
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127. NUREG/CR 2497, ORN1/NSIC-182, " Precursors to Potential Severe Core - q-

Damage Accidents:- 1969 - 1979, A' Status Report,"_ Science Applications: _|
International Corp., June 1982. >

! -28. NUREG/CR-2601, '' Technology, Safety _and _ Costs of Decommissioning. -

-

' Reference Light Water Reactors Following Postulated Accidents," Pacific
Northwest Lamratory, November 1982

29.- NUREG/CR-3226, SAND 82-2450, " Station Blackout ~ Accident Analysis - [
(Part of NRC Task Action Plan A-44)," Sandia National Laboratories, May

'

'

: 1983.',

30. : NUREG/CR 3330, SAND 83-1178, " Vulnerability of Nuclear Power Plant
Structures to Large External Fires," Sandia National Laboratories,' August'
1983.

. I
31. NUREG/CR 3591, Volumes 1 and 2, " Precursors of Potential Severe Cor 1

*
-Damage Accidents: 1980 1981, a Status Report," Oak Ridge National =
Laboratory, July 1984.

i

32. NUREG/CR 3862, " Development of Transient Initiating Event Frequencies '
for Use in Probabilistic Risk Assessments," EG&G Idaho,Inc., May 1985.

33. INUREG/CR-4674, Volumes 1 and 2, " Precursors of Potential Severe Core
: Damage Accidents:' 1985, A Status Report," Oak Ridge National Laboratory,=_.

2+ December 1986.

34. NUREG/CR-4674, Volumes 3 and 4, " Precursors of Potential Severe Core 'j
L Damage Accidents: 1984, A Status Report," Oak Ridge National Laboratory,. i

1
May 1987,

35. NUREG/CR-5009, " Assessment of the Use of Extended Burnup Fuel in
. Light Water Power Reactors,'' Battelle Memorial Institute, Pacific Northwest j
Laboratory, February 1988. ]

36.- EPRI NP-2230,"ATWS; A Reappraisel," Science Applications International i
iCorporation, January 1982,

37. EPRI NP 3480, " Nuclear Unit Operating Experience: 1980 Through 1982 i

Update," S.M Stoller Corporation, April 1984..

w# 38.-EPRI NP-4012,'" Updated Costs for Decommissioning Nuclear Power '!
.

Facilities," Battelle Pacific Nonhwest Laboratories, May 1985. !

39. EPRI NP-4368, " Nuclear Unit Operating Experience: 1983-1984 Update," !
'

S.M. Stoller Corp., January 1986.'m

40. EPRI NP-5544,;" Nuclear Unit Operating Experience: 1985-1986 Update", !

S.M. Stoller Corp., December 1987 -|
, , ;
< 4- -

.

j 41. EPRI.NP-5494, " Decommissioning U.S. Reactors: Current Status and
Developin'g Issues," Pentek, Inc., January 1988,|,

ip-

?
E
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42.L NSAC-087,L" Plant Specific Compared to Generic Assessment of Station
: Blackout," Technology for Energy Corporation, Reliability Optimization-
- Services, Inc., July 1985.~c

' 43. ORNL-NSIC-55, Volume I, " Design Data and Safety Features of Commercial-
Nuclear Power Plants - Volume IV - Dockets 50-3 to 50-295", Oak Ridge
National Laboratory, Nuclear Safety Information Center, December 1973

44. ORNL-NSIC-55,~ Volume -II, " Design Data and Safety Features of
.

Commercial Nuclear Power Plants - Volume IV '- Dockets 50-2% to 50-395",
Oak Ridge National Laboratory, Nuclear Safety Information Center, January -
1972'

45.: ORNL-NSIC-55,' Volume III, " Design Da'ta and Safety Features of .-

Commercial Nuclear Power Plants - Volume IV - Dockets 50-397 to 50-449",- -
Oak Ridge National Laboratory, Nuclear Safety Information Center, April
1974

46.' ORNL'-NSIC-55, Volumes IV, " Design Data and Safety Features of:
Commercial Nuclear Power Plants - Volume IV - Dockets 50-452 to 50-503",

. Oak Ridge National Laboratory, Nuclear Safety Information Center, March
1975.

' A 3. - PRESSURIZED WATER REACTORS (PWRs)--

1. NUREG-0224, " Final Report on Reactor Vessel Pressure Transient.
Protection for Pressurized Water Reactors,". USNRC, September 1978.

2. NUREG-0623, " Generic Assessment of Delayed Reactor Coolant Pump Trip
During Small Break Loss-of-Coolant Accidents in Pressurized Water
Reactors," USNRC, November 1979.

3. NUREG-0651, " Evaluation of Steam Generator Tube Rupture Events,"
' USNRC, March 1980.

4. NUREG 0724,'" Problems in Modeling ' f Small Break LOCA," USNRC,o
October 1980.

5. NUREG-0937, ' Evaluation of PWR Response to Main Steamline Break With -
Concurrent- Steam Generator Tube Rupture and Small Break LOCA,"
USNRC Division of Systems Integration, December 1982.

: 6. :NUREG-1206, " Analysis of French (Paluel) Pressurized' Water Reactor
- Design Differences Compared to Current U.S. PWR Designs," USNRC
: Division of Safety Review & Oversight, June 1986.-

'

,

.-

7. NUREG/CR-0466, " Annotated Bibliography of Safety-Related Events in
. Pressurized Water Nuclear Power Plants as Reported in 1977," Oak Ridge,

National Laboratory, December 1978.

8. NUREG/CR-0603, "A Risk Assessment of a Pressurized Water Reactor for
Class 3 8 Accidents," Brookhaven National Laboratory, October 1979.

A4 3/90
i1

30' i



. , . . .-

.,
.

;

p. - -

>

t
'

'

: 9. NUREG/CR-0861, " Summary and Bibliography of Safety Related Events at--
Pressurized Water Nuclear Power Plants as Reported in 1978," Oak Ridge

,

,

'

' National Laboratory, September 1979. 1

10. NUREG/CR-1314, " Gravity Reflood Oscillations in a Pressurized Water [
:y Reactor," Massachusetts Institute of Technology, February 1980.' ;+

il 1. NUREG/CR-1603, " Evaluation of Cracking in Feedwater Piping Adjacent to i
the Steam Generators in Nine Pressurized Water Reactor Plants," Lawnnce *

Livermore National Laboratory, October 1980.,

a - 12. NUREG/CR-1613 " Summary & Bibliography of Safety-Related Events at 1
Pressurized-Water Nuclear Power Plants as Reported in 1979," Oak Ridge
Natio I.aboratory, August 1981.

13.- NUREG/CR 2173," Summary and Bibliography of Safety-Rela'ted Events at
Pressurized Water Nuclear Power Plants as Reported in 1980," Oak Ridge
National Laboratory, May 1982.

14; ; NUREG/CR 2659, " Iodine Transport Predicted for a Postulated Steam Line- t
Break With Concurrent Ruptures of Steam Generator Tubes," Battelle 1

Memorial Institute, Pacific Northwest laboratory, February 1983.
.

.i

150 NUREG/CR-2683, " Iodine Behavior in Steam Generator Tube Rupture ,

' Accidents," Battelle Memorial Institute, Columbus Laboratories, April 1982. '

16. NUREG/CR-2789, " Pressure Vessel Thermal Shock at U.S.~ Pressurized-
- Water Reactors: Events and Prec_tsors, 1963-1982," Oak Ridge National- i

'

Laboratory, May 1983.

i17E NUREG/CR-4752, " Coincident Steam Generator Tube Rupture and Stuck-
_ Open Safety Relief Valve Carryover Tests," Westinghouse Electric Corp.,

,

Mamh 1987. .

'

18. NUREG/CR 5'102, " Interfacing Systems LOCA: Pressurized Water>

*

. Reactors," Brookhaven National Laboratory, February 1989.
L

|,, 19.- NUREG/CR-5116, " Survey of PWR . Water Chemistry," Dominion
.

Engineering,Inc., Argonne National Laboratory, Febmary 1989.
"

'20. : USNRC Generic Letter 81-16, " Steam Generator Overfill," 1981,

21 - USNRC. Generic Letter 84-21, "Long Term Low Power Operation in 4.

. Pressurized Water Reactors," October 1984. j

- 22. . USNRC Inspection and Enforcement Bulletin No. 80-04, " Analysis of PWR
Main Steam Line Break with Continued Feedwater Addition," 1980.

.

'23.c EPRI NP-3245,'" Effects of Cold Shutdown Chemistry on PWR Radiation
Control," Westinghouse Electric Corporation, September 1983.

;

24. EPRI NP-4855, " Survey of the Literature Applicable to Two-Phase Natural
Cimulation Flows in the Hot Leg of a PWR,', Creare, Inc., October 1986.

1g
-

,
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z 25. EPRI NP-5144, " Water Retention in Primary Coolant Systems of PWRs
4

During-Severe Accidents," Science Applications International Corp., May.-
1987.

; ; 26.-. EPRI NP 5234, "PWR Radiation Fields: 19831985," Westinghouse Electric -
Corporation, July 1987. :

27. EPRI NP-5536, " Risk-Significant_ Functional Dependencies in- PWRs,"
Pickard, lowe and Garrick, Inc., December 1987.-

i

28. EPRI NP-5586, " Thermal Analysis of Core Barrel Heating and Coolant: )
Recirculation During Core Uncovery in PWR Accidents," Purdue University,- '

November 1987.
1

- 29. EPRI NP 5303M, "L_oad Following Experience in Commercial PWRs," R
S.M. Stoller Corp., November 1987.

A4. sWESTINGHOUSE PWRs -

A 4.1 ' WESTINGHOUSE PWRs, GENERAL-

1. .NUREG-0297, '" Safety Evaluation Report on Westinghouse- Electric - A

Company ECCS Evaluation Model for Plants Equipped with Upper Head '

Injection," USNRC, May 1978.- '

2. NUREG-0452 Revision 3, " Standard Technical Specifications 'for
Westinghouse Pressurized Water Reactors," USNRC, September 1980. J

3. NUREG-0611, " Generic Evaluation of Feedwater Transients and Small *
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11 1 . IN l'ROI)UCTION '

This appendix is a bibliography of plant-specific references for PWR and BWR
plants. The references are grouped by plant name, as listed in the Table of Contents. '

Three other bibliographies pmvide addinonal references as follows: !,

Appendix A: Bibliovap y of general'PWR and BWR references I
-

Appendix C: Bibliograp y of nuclear power plant systems refen es |
-

Appendix D: Bibliograp y of nuclear power plant component references-

i
B2. ARKAN3AS NUCLEAR ONE - UNIT 1 ~

1. NUREG 0560, " Staff Report on the Generic Assessment of Feedwater
Transients in Prese.urized Water Reactors Designed by the Babcock & Wilcox ,

Company", Appendix N," Comments on Arkansas Unit 1 Feedwater Systems", jUSNRC, May 1979
i

2. NUREG/CR 2749 Volume 1 " Socioeconomic Impacts of Nuclear Generating-
iStations: Arl.ansas Nuclear One Station Case Study," Mountain West *

Research, Inc., July 1982.
)

3. NUREG/CR 2787, Volumes I and 2, " Interim Reliability Evaluation Program: [
Analysis of the Arkansas Nuclear One - Unit 1 Nuclear Power Plant," Sandia

;
National Laboratories, August 1982 (Vol.1) and October 1982 (Vol. 2);

. .

4. NUREG/CR-3246, "The Effect of Some. Operations and Control Room -
Improvements on the Safety of the Arkansas Nuclear One, Unit One, Nuclear '

Power Plant," Battelle Memorial Institute, Columbus Laboratories, Sandia i
National Laboratories, June 1983.

5. NUREG/CR-3529, " Review of the Arkansas Nuclear One Generating Station
Unit Noc 1 Emergency Feedwater System Reliability Analysis," Brookhaven
National Laboratory, February 1984.

6. NUREG/CR-4713, " Shutdown Decay Heat Removal Analysis of a Babcock -
and Wilcox Pressurized Water Reactor," Sandia National Laboratories, March

l

1987 (case study based on ANO 1 plant).

7. NUREG/CR-4768," Methodology and Application of Surrogate Plant PRA
Analysis to the Rancho Seco Power Plant - Task 1 Analysis of ANO 1 and :
Oconee PRAs," Battelle Memorial Institute, Pacific Nonhwest Laboratory, July

.

1987.
J

8. NUREG/CR-5021, Volumes 1 and 2, " User's Guide for Prisim Arkansas
Nuclear One - Unit 1," Oak Ridge National Laboratory, March 1988.

I

9. NUREG/CR 5DaJ, "PRA Applications Program for Inspection at Arkansas
Nuclear One Unit 1, "Battelle Memorial Institute, Pacific Northwest
Laboratory, March 1988.

10. NUREG/CR-5200, " Evaluation of Risks Associated with AOT and STI
!

Requirements at the ANO-1 Nuclear Power Plant," Brookhaven National
|Laboratory, August 1988, i
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,

11. EPRI NPe2391," Secondary System Water Chemistry Program for ANO 1," ,

. Babcock & Wilcox, May 1982.

B 3. ARKANSAS NUCLEAR ONE UNIT 2 |

1. NUREG-0223, " Safety Evaluation Report Related to Fire Prot' . tion for !

Arkansas Nuclear One, Unit 2 " USNRC Office of Nuclear Reactor Regulation, t

August 196. ,

2. NUREG-0254, " Final Environmental Statement Related to the Operation of |

Arkansas Nuclear One, Unit 2 " USNRC Office of Nuclear Reactor Regulation, y

June 1977. ;-

3. NUREG-0308, " Safety Evaluation Report Related to Operation of Arkansas
Nuclear One, Unit 2," USNRC, July 1977. ;

4 NUREG 0336, ." Arkansas Nuclear One Unit 2 Technical Specifications,"
USNRC, October 1977. i

1

5. NUREG-0635," Generic Evaluation of Feedwater Transients and Small Break i
Loss of Coolant Accidents in Combustion Engineering Designed Operating ;

Plants," Appendix X.1, " Arkansas 2 Emergency Feedwater System", USNRC, .

. i,.

January 1980.

6. NUREG/CR 2749, Volume 1, " Socioeconomic Impacts of Nuclear Generating !
Stations: Arkansas Nuclear One Station Case Study," Mountain West

,' Research, Inc., July 1982. ;

7. EPRI NP-1708, Revision 1 " Nuclear Steam Supply System Transient Test at - {
ANO-2," Combustion Engineering Inc., September 1983. ;

8. EPRI NP-1709, " Reactor Transient Tests at ANO-7 " Combustion Engineering
Inc., October 1982.

. :

B4. BEAVER VALLEY I

1. NUREG-0611, " Generic Evaluation of Feedwater huhts and Small Break
Loss of Coolant Accidents in Westinghouse Dengned Operating Plants",
Appendix X.3, " Beaver Valley 1 Auxiliny Feedwatex System," USNRC,
January 1980.

B 5. BEAVER VALLEY 2

1. NUREG 1057, " Safety Evaluation Report Related to the Operation of Beaver -
Valley Power Station, Unit 2," USNRC Division of Licensing, October 1985. ,

2, NUREG 1094, " Final Environmental Statement Related to the Operation of .

'

Beaver Valley Power Station, Unit 2," USNRC Division of Licensing,
September 1985. ,

3. NUREG-1259, " Technical Specifications for Beaver Valley Power Station, ,

Unit 2," USNRC Division of Reactor Projects, May 1987.

.
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4. NUREG 1279, " Technical S mifications for Beaver Valley Power Station,
Unit 2," USNRC Division of Reactor Projects, August 1987

)
B 6. BELLEFONTE 1 AND 2 )

,

i

1. NUREG/CR 3724, " Ultimate Strength Analysis of the Watts Bar, Maine !
Yankee, and Bellefonte Containments," Sandia National Laboratories, July !

,n 1984. |o
;

2. NUREG/CR 4563," Analysis of Station Blackout Accidents for the Bellefonte !
Pressurized Water Reactor," Sandia National Laboratories, September 1986.

3. NUREG/CR-4741, "Feedwater Transient and Small Break Loss of Coolant
Accident Analyses for the Bellefonte Nuclear Plant," EG&G Idaho, Inc., Marc h
1987, t

4. NUREG/CR-4803, "The Possibility of Local Detonations During Degraded- |
; Core Accidents in the Bellefonte Nuclear Power Plant," Sancla National
i Laboratories, January 1987, ,

1 . !

j B 7. HIG ROCK POINT

; 1, NUREG 0828 "Integ ated Plant Safety Assessment, Systematic Evaluation r

!j * Program, Big Rock Point Plant," USNRC, May 1984. j
'

2. NSAC-36. "l;se of Gystem im stance Rankings in Equi) ment Qualification: A

I[y Study of Big Rock Point," Delian Corporation, January ;.984. ;

,

J. 3. " Big Rsk Point Pmbabilistic Risk' Assessment," Consumers Po * Company,
F Maich 1981.
, i

! 15 3 , 'BRAIDWOOD 1 AND 2 '

!

1. NUREG 75/023, " Safety Evaluation Report on Byron Station, Units 1 and 2, '

and the Braidwood Station, Units 1 and 2," USNRC, April 1975.
i i

L 2. NUREG 1002, " Safety Evaluation Report Related to the Operatioto of 2

Braidwood Station, Units 1 and 2," USNRC, November 1983.'

3 NUREG 1026, " Draft Environmental Statement Related to the Operation of !
Braidwood Station, Units 1 and 2," USNRC, December 1983. :

.4 NUREG 1276, " Technical Specifications for Braidwood Station, Units 1 and
2," USNRC Division of Reactor Projects, July 1987.

5. NUREG/CR-3096," Review of the Byron /Braidwood Units 1 and 2 Auxiliary !
Feedwater System Reliability Analysis," Brookhaven National Laboratory,
Novemt er 1983.

;

| 89. BROWNS FERRY 1
v
L 1. NUREG 0050, " Recommendations Related to Brov ns Ferry Fire," USNRC,
| February 1976.
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2. NUREG 0061, " Safety Evaluation Report for Op'eration of Browns Ferry,
Unit; I and 2, Following the March 22,1975 Fire, USNRC, July 1976.

3, NUREG/CR 2182, " Station Blackout at Browns Ferry Unit One - Accident1

Sequence Analysis," Oak Ridge National Laboratory, November 1981.

4. NUREG/CR 2672, "SBLOCA Outside Containment at Browns Ferry Unit One
- Accident Sequence Analysis," Oak Ridge National Laboratory, November
1982.

5. NUREG/CR 2802 " Interim Reliability Evaluation Program: Analysis of the
Browns Ferry Unit 1 Nuclear Plant," EG&G Idaho, Inc., July 1982.

6. NUREG/CR 2825, *BWR 4/ Mark i Accident Sequer.ce Assessment," Oak-
Ridge National Laboratory, December 1982 (case study based on Browns Ferty
1).

7. NUREG/CR 2973, " Loss of DHR Sequences at Browns Ferry Ud One -
Accident Sequence Analysis," Oak Ridge National Laboratory, May 1983.

8. NUREG/CR 3179, "The Effect of Small Capacity High Pressure injection
Systems on *IQUV Sequences at Browns Ferry Unit One," Oak Ridge hational
Laboratory, September 1983.

9. NUREG/CR 3470, "ATWS at Browns Ferry Unit One - Accident Sequence
Analysis," Oak Ridge National Laboratory, July 1984.

10. NUREG/CR-3617. " Noble Gas, lodine and Cesium Transport in a Postulated -
Loss of Decay Heat Removal Accident at Browns Ferry," Oak Ridge National
Laboratory, September 1984.

I1. NUREG/CR-4165," Severe Accident Sequence Analysis Program- Anticipated .
Transient Without Scram Simulations for Browns Ferry Nuclear Plant, Unit 1,"
EG&G Idaho, Inc., May 1987.

12. NUREG/CR-4413. " Loss of Control Air at Browns Ferry One - Accident
Sequence Analysis," Oak Ridge National Laboratory, April 1986,

13. NUREG/CR-4739, "RAMONA 3B Calculations for Browns Ferry ATWS
Study," Brookhaven National Laboratory, February 1987.

14. NUREG/CR-4815," Demonstration Testing of a Surveillance Robot at Browns
Ferry Nuclear Plant Analysis of Costs and Benefits," Remote Technology
Corp., March 1987,'

15. USNRC Inspection and Enforcement Bulletin No. 75-04, " Cable Fire at
Browns Ferry Nuclear Power Station," March 1975 (Main Report), April 1975.

(Supplement A), November 1975 (Supplement B),

16. Scott, R. L., " Browns Ferry Nuclear Power Plant Fire on Mar. 22, 1975,"
Nuclear Safety, Vol.17, No. 5, September - October 1976.

I
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' B I O. BROWNS FERRY 2
~

i

1. NUREG 0061, " Safety Ev.nluation Report for Opration of Browns Ferry, |

Units 1 and 2, Following the March 22,1975 Fire, USNRC, July 1976.

Bil. BROWNS FERRY 3
|

1. NUREG/CD-Il91, " Conformation of the Original Qualification Test for ;

Electrical ' onnectors Used at Browns Ferry b uclear Power Plant Unit 3," ;
Sandia Na anal Laboratories, March 1980.

2. USNRC I.is xcrion and Enforcement Bulletin No. 80-17. " Failure of 76 of I85 l
Control Roc s to Fully insert During a Scram at a BWR," Nuclear Regulatory
Commission, Office'of Inspection and Enforcement, July 3,1980 with

,

Supplement 1, July 18,1980, Supplement 2, July 22,1980 and Supplement 3, 1

August 22,1980.

3. INPO/3, NSAC/20 " Analysis of Incomplete Control Rod Insertion at Browns
i

Ferry 3," Institute of Nuclear Power Operations (INPO) and Nuclear St.fety
' Analysis Center (NSAC), December 1980.

4. ' Casto, W.R. (editor). " Partial Failure to Scram at Browns Ferry 3," Nuclear j
Safgly., Vol. 22, No. 2, March - April 1981, pp. 226-229. ,

B 12. BRUNSWICK 1 AND 2
,

1. NUREG/CR-4245, "In plant Source Temis Measurements at Brunswick Steam
Electric Station," EG&G Idaho, Inc., June 1985. .

2. NSAC-083, " Brunswick Decay Heat Removal Probabilistic Safety Study,"
Impell Corporation, October 1985. I

t

B 13, BYRON 1 AND 2 '

! 1. NUREG 75/023, " Safety Evaluation Report on Byron Station, Units 1 and 2,
h and the Braidwood Station, Units 1 and 2," USNRC, April 1975.
L -

'

2. NUREG-0848, " Final Environmental Statement Related to the Operation of
Byron Station, Units 1 and 2," USNRC, April 1982.

.

3 NUREG-0876, " Safety Evaluation Report Related to the Operation of Byron
Station, Units 1 and 2," USNRC, March 1982.

'

,

'

4. NUREG 1113 " Technical Specifications for Byron Station, Units 1 and 2,",,

|
USNRC Division of Licensing, February 1985.

,

I

L 5. NJREG/CR-3096," Review of the Byron /Braidwood Units 1 and 2 Auxiliary
"

1 Tecdwater System Reliability Analysis," Brookhaven National Laboratory,
S'ovember 1983. ;

|

6. NUREG/CR-4404, " Analysis of Allowed Outage Times at Byron Generating ;

Station," Brookhaven National Laboratory, June 1986.

,
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B 14. CALLAWAY

1. NUREG-0830," Safety Evaluation Report Related to the Operation of Callaway
Plant, Unit 1," USNRC, October 1984-

;

2. NUREG 1058, " Technical Specifications for Callaway Plant, Unit No.1," i

USNRC, October 1984
'

3. NUREG/CR 2458,"SNUPPS Auxiliary Feedwater System Reliability Study
Evaluation," Sandia National Laboratories, January 1982.

, 4. "SNUPPS - The Multiple Utility Standardization Project," Nuclear Ennineerine
.

International, November 1975, pp 935 to 949.

B 15, CALVERT CLIFFS 1 AND 2 )
l1. NUREG-0635, " Generic Evaluation of Feedwater Transients and Small Break

' Loss of Coolant Accidents in Combustion Engineering Desi gned Operating
Plants," Appendix X.2, "Calvert Cliffs 1 and 2 Auxiliary Fecc water System", 1
USNRC, January 1980. ]

2. NUREG/CR 1659, Volume 3, " Reactor Safety Study Methodology
L Applications Program: Calvert Cliffs No. 2 PWR Power Plant," Battelle

Memorial Institute, Columbus Laboratories, Jane 1982.
|

3. NURFG/CR-2749, Volume 2, " Socioeconomic Impacts of Nuclear Generating l,

Stations: Calvert Cliffs Case Study," Social Impact Research, Inc., Mountain :)
West Research, Inc., July 1982.

t
i

| 4. NUREG/CR-3511, Volumes 1 'and 2, " Interim Reliability Evaluation Program: |

Analysis of the Calvert Cliffs Unit 1 Nuclear Power Plant," Sandia National|

L Laboratories, May 1984 (Vol.1) and October 1984 (Vol. 2).

5. NUREG/CR-3704, "Three Dimensional Calculations of Transient Fluid- l
Thennal Mixing in the Downcomer of tha Calven Cliffs 1 Plant Using SOLA-
PTS " les Alamos National Laboratorvi AMI 1984.

6. NUREG/CR 4022, " Pressurized Theru.al Shock Evaluation of the Calvert )
Cliffs Unit 1 Nuclear Power Plant," Oak Ridge National Laboratory, September 1

1985.
'

7. NUREG/CR 4109, " TRAC-PF1 Anal ses of Potential Pressurized - Thermal .
Shock Transients at Calvert Cliffs Unft 1," Los Alamos National Laboratory, J

April 1985.,

8. NUREG/CR-4253, " Review of TRAC Calculations for Calvert Cliffs PTS
k Study," Brookhaven National Laboratory, April 1985.
u

i

h 9. NUREG/CR-4265, Volumes 1 and 2, "An Assessment of the Safety I

implications of Control at the Calvert Cliffs 1 Nuclear Power Plant," Oak Ridge 1

National Laboratory, April 1986 (Vol.1) and July 1986 (Vol. 2).

l
1

I
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10. NUREG/CR 4758,"A RETRAN Model of the Calvert Cliffs 1 Pressurized
Water Reactor for Assessing the Safety Implications of Control System," Oak
Ridge National Laboratory, March 1981.

I1. NUREG/CR 5781,"PRA Applications Program forInspection at Calvert Cliffs
Unit 1 Nuclear Power Plant," Battelle Memorial Ins;itute, Pacific Northwest
Laboratory, June 1989.

.

12. EPRI NP-4904,"Calvert Cliffs Unit 1 Tube Entnination," Babcock & Wilcox,
November 1986.

13. EPRI NP-3752-SR, "Calvert Cliffs 1 Reactor Vessel: Pressurized Thermal
Shock Analysis for a Small Steam Line Break," Electric Power Research
Institute, November 1984.

14. "Calvert Cliffs Nuclear Power Plant," Nuclear Engineering International, May
1974, pp 389 to 400.

,

H 16. CATAWBA 1 AND 2

1. NUREG-0921, " Final Environmental Statement Related to the Operation of
Catawba Nuclear Station, Units 1 and 2," USNRC Office of Nuclear Reactor
Regulation, January 1983.

2. NUREG 0954," Safety Evaluation Re@:t R0iated to the Operation of Catawba
Nuclear Station, Units 1 and 2," USN RC, May 198ti.

3, NUREG 1191, ' Technical Specifications for Catawba Nuclear Station, Units 1
and 2," USNRC Division of Pressurized Water Reactor Licensing, May 1986.

4. NUREG/CR 3297, " Review i " Catawba Units 1 and 2 Auxiliary Feedwater,

System Reliability A nalysis," Brookhaven National Laboratory, October 1983.

B l 7. CLINTON 1

1. NUREG 75/013, Safety Evaluation of the Clinton Power Station, Units 1 and
2," USNRC, March 1975.

,

2. NUREG-0853," Safety Evaluation Report Related to the Operation of Clinton
Power Station, Unit No.1," USNRC, February 1982.

3. NUREG-0854, " Final Environmental Statement Related to the Operation of
Clinton Power Station, Unit No.1," USNRC, May 1982.

4. NUREG 1235 " Technical Specifications for Clinton Power Station, Unit 1,"'

USNRC Office of Nuclear Reactor Regulation, April 1987.

B 18. COMANCIIE PEAK 1 AND 2

1. NUREG-0775, " Final Environmental Statement Related to the Operation of
Comanche Peak Steam Electric Station, Unit Nos. I and 2," USNRC Office of
Nuclear Reactor Regulation, September 1981.
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2. NUREG-0797, " Safety Evaluation Report Related to the Operation of
Comanche Peak Steam Electric Station, Units 1 and 2," USNRC Office of
Nuclear Reccior Regulation, July 1981.

3. NUREG/CR 2248, " Comanche Peak Steam Plectric Station, Units 1 & 2,
Auxiliary Feedwater System Reliability Studu Evaluation," Sandia National
Laboratories, September 1981.

!B I 9. COOPER

1. NUREG/CR 2337, " Aquatic Impacts from Operation of Three Mid-Western I

Nuclear Power Stations; Cooper Nuclear Station Environmental Appraisal |
Report," Volume 2 Environmental Sciences & Engineering, Inc., October i

1981 (case study performed on Cooper). |

2. NUREG/CR-4767, " Shutdown Decay Heat Removal Analysis of a General .

Electric BWR4/ Mark 1; Case Study," Sandia National Laboratories, July 1987. ;

B 2 0. CRYSTAL RIVER 3 - !
i

1. NUREG 0560, " Staff Report on the Generic Assessment of Feedwater !
Transients in Pressurized Water Reactors Designed by the Babcock & Wilcox !

Company", Appendix J, " Comments on Crystal River Feedwater Systems", !
USN RC, May 1979 j

. 2. NUREG/CR 2515, Volumes 1 and 2. " Crystal River-3 Safety Study," Science .

Applications International Corp., March 1982, i

3. NUREG/CR 2749. Vohme 3, " Socioeconomic impacts of Nuclear Generating !
Stations: Crystal River Unit 3 Case, Study," Mountain West Research, Inc., ;
Social Impact Research, Inc., July 1982, i

i
4. NUREG/CR 2750, " Socioeconomic Im ) acts of Nuclear Generating Stations - ,

Summary Report on the NRC. Post icensing Studies," Mountain West "

Research, Inc., July 1982.
|.

-

5. NUREG/CR-3081, " Review of Crystal River Nuclear Generating Station Unit i'

3 Emergency Feedwater System Reliability Analysis," Brookhaven National
Laboratory, October 1983.

H 6. NUREG/CR 5245, "A Review of the Crystal River Unit 3 Probabilistic Risk
Assessment - Jnternal Events, Core Damage Frequency," Argonne National
Laboratory, January 1989.

B il .- D. C. COOK l' AND 2

L 1. NUREG-0385," Final Environmental Statement Related to the Operation of the [
. Donald C. Cook Nuclear Plant," USNRC Office of Nuclear Reactor .

|- Regulation.

2. NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break '

Loss of Coolant Accidents in Westinghouse Der:gned Operating Plants,"
Appendix X.4, " Donald C. Cook Units 1 and 2 Auxiliary Feedwater System",
USNRC, January 1980.
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3. NUREG/CR-2749. Volume 4, " Socioeconomic impacts of Nuclear Generating
Stations: D. C. Cook Case Study," Mountain West Research, Inc., Social
Impact Research, Inc., July 1982.

4. NUREG/CR 2750, " Socioeconomic Im > acts of Nuclear Generating Stations -
Summary Report on the NRC Post . icensing Studies," Mountain West
Research, Inc., July 1982.

5. WCAP-7833, " Design and Performance Evaluation of Ice-Condenser Reactor
Containment System for the Donald C. Cook Nuclear Plant," Westinghouse
Electric Corporation, March 1%8.

B22. DAVIS BESSE

1. NUREG-0560, " Staff Report on the Generic Assessment of Feedwater
Transients in Pressurized Water Reactors Designed by the Babcock & Wilcox
Company". Appendix M. " Comments on Davis Besse Unit 1 Feedwater
Systems," USNRC, May 1979

2. NUREG-0720, " Power Plant Siting and Design: A Case Study of Minimal
Entrainment and Impingement Impacts at Davis-Besse Nuclear Power Station,"
USNRC, December 1980.

3. NUREG 1154, "less of Main and Auxiliary Feedwater Event at the Davis-
Besse Plant on June 9,1985," USNRC, July 1985.

4. NUREG-1177, " Safety Evaluation Report Related to the Restart of Davis Besse
Nuclear Power Station, Unit 1, Following the Event of June 9,1985,"
USNRC, June 1986.

5. NUREG-1201," Report of the Independent Ad Hoc Group for the Davis Besse
incident," USNRC, June 1986.

6. NUREG/CR 3530, " Review of the Davis Besse Unit No.1 Auxiliary
Feedwater System Reliability Analysis," Brookhaven National Laboratory,
February 1984.

7. NUREG/CR-4946, " Davis Besse Uncertainty Study," EG&G Idaho, Inc.,
August 1987.

8. LA-UR-861782, " Rapid Response Analysis of the Davis Besse Loss of-
Feedwater Event of June 9,1985," los Alamos National Laboratory,1986.

.B23. DIABLO CANYON 1 AND 2

1. NUREG 0817, " Technical Specifications for Diablo Canyon Nuclear Power
Station, Unit 1," USNRC Office of Nuclear Reactor Regulation, September
1981.

2. NUREG 0862, Volume 1 *Special Inspection of Seismic Related Errors at
Diablo Canyon Units 1 and 2," USNRC Reactor Construction Projects Branch,
November 1981. i

1
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3. NUREG 0862, Volume 2, "Special Inspection of' Preliminary Report, Seismic
Reverification Program' at Diablo Canyon Units 1 and 2," USNRC Reactor
Con 2truction Projects Branch, January 18,1982.

4. NUREG-0862, Volume 3, "Special Inspection of' Preliminary Report, Seismic
Reverification Pro m' at Diablo Canyon Units 1 and 2," USNRC Division of
Resident, Reactor) cet and Engineenng Programs, February 1982.

5. NUREG 1102, " Technical Specifications for Diablo Canyon Nuclear Power
Plant Unit No.1," USNRC Division of Licensing, November 1984.

6. NUREG-ll32," Technical Specifications for Diablo Canyon Nuclear Power
Plant, Unit No. 2," USNRC Division of Licensing, April 1985.

7. NUREG 1151," Technical Specifications for Diablo Canyon Nuclear Power
Piant Units 1 and 2," USNRC Division of Licensing, August 1985.

8. NUREG 1269," Loss of Residual Heat Removal System - Diablo Canyon Unit
2, April 10,1987," USNRC Office of the Director, June 1987.

9. NUREG/CR 0750,'" Concentration and Specification of Cosper in Waters
' Collected Near the San Onofre and Diablo Canyon Nuclear Power Stations,
Lawrence Livermore National Laboratory, November 1980.

4

10. NUREG/CR 1090," Copper Distribution in Abiotic Compartments of Aquatic
Ecosystems Adjacent to the Diablo Canyon and San Onofre Nuclear Power
Stations," Lawrence Livermore National Laboratory, October 1981,

11. NUREG/CR-1925, ''Diablo Canyon Nuclear Power Station Unit 1 Auxiliary
Feedwater System Reliability Study Evaluation," Sandia National Laboratories,

. July 1981.

12. NUREG/CR 2749, Volume 5, " Socioeconomic Impacts of Nuclear Generating
Stations: Diablo Canyon Case Study," Mountain West Research, Inc., Social
Impact Research, Inc., July 1982.

13. NUREG/CR-2750, " Socioeconomic Im 3 acts of Nuclear Generating Stations -
Summary Report on the NRC Post icensing Studies," Mountain' West
Research, Inc., July 1982.

14. NUREG/CR 2834, " Independent Seismic Evaluation of the Diablo Canyon
Unit 1. Containment Annulus Structure and Selected Piping Systems,"
Brookhaven National Laboratory, August 1982.

B 2 4, - DRESDEN 2 AND 3

1. NUREG-0823," Integrated Safety Assessment Systematic Evaluation Program,
Dresden Nuclear Power Station Unit 2, Docket No. 50-237, Commonwealth
Edison Company," USNRC, February 1983.

2. NUREG/CR 0891," Seismic Review of Dresden Nuclear Power bietion - Unit
2 for the Systematic Evaluation Program," Lawrence Livermore National

,

Laboratory, April 1980.
'
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3. USNRC Inspection and Enforcement Bulletin No. 7410,7410A and 74-10B,
" Failures in 4 Inch Bypass Piping at Dresden 2," 1974.

4. USNRC laspection and Enforcement Bulletin No. 75 01 and 75 01 A,
"Through Wall Cracks in Core Spray Piping at Dresden-2," 1975.

5. Cagle, C.D., "Dresden 2 Incident of June 5,1970," Nuclear Safety, Vol.12,
No. 5, September-October 1971.

B25. DUANE ARNOLD

1. NUREG/CR-2337, Volurr.c 3, " Aquatic Impacts from Operation of Three
Midwestern Nuclear Power Stations - Duane Arnold Energy Center, Unit No.
1," Environmental S:lence & Engineering, Inc., November 1981.

B26. FARLEY 1 AND 2

1. NUREG 75/034, " Safety Evaluation Report of the Joseph M. Farley Nuclear
Plant, Units 1 and 2," USNRC Office of Nuclear Reactor Regulation, May
1975.

2. NUREG Oll7, " Supplement 2 to the Safety Evaluation Report on Joseph M.
Farley Nuclear Plant, Units 1 and 2," USNRC Office of Nuclear Reactor
Regulation, October 1976.

3. NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break
Loss of Coolant Accidents in Westinghouse Designed Operating Plants,"
Appendix X.5, "Farley 1 Auxiliary Feedwater System", USNRC, January
1980.

4. NUREG 0697, " Technical Specifications, Joseph M. Farley Nuclear Plant,
Unit No. 2," USNRC OfDee of Nuclear Reactor Regulation, October 1980.

5. NUREG-0727 " Final Environmental Statement Related to the Operation of the
Joseph M. Parley Nuclear Plant, Units 1 and 2," USNRC Office of Nuclear
Reactor Regulation, September 1980.

B27.- FERMI 2

1. NUREG-0769, " Final Environmental Statement Related to the Operation of -
Enrico Fermi Atomic Power Plant, Unit No. 2," USNRC C'fice of Nuclear
Reactor Regulation, August 1981.

2. NUREG-0798, " Safety Evaluation Report Related to the Operation of Enrico
Fermi Atomic Power Plant, Unit No. 2," USNRC Office of Nuclear Reactor
Regulation, July 1981.

3. NUREG il41, " Technical Saecifications for Fermi 2 Facility," USNRC
Division of Licensing, July 1915.
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B28. FITZPATRICK

1. NUREG/cR-2746, Vol. 6 " Socioeconomic impacts of Nuclear Generating
Station: Nine Mlle Point and Fitzpatrick Case Study " Social Impact Research,
Inc., July 1982.

B 2 9. FORT CAlllOUN

1. NUREG-0635, " Generic Evaluation of Feedwater Transients and Small Break
less of Coolant Accidents in Combustion Engineering Designed Operating
Plants," Section X.3, " Fort Calhoun Auxiliary Feedwater System," USNRC,
January 1980.

2. NUREG/CR-0140, "In-Plant Source Term Measurements at Fort Calhoun
Station, Unit 1," EG&G Idaho,Inc., Augm 1978.

3. NUREG/CR-0755, " Gamma Dose Measurer mts at Zior an'

Stations," EG&G Idaho, Inc., April 1979.

4. NUREG/CR-?.337, Volume 1, " Aquatic Impacts From G.
Midwestern Nucicar Power Stations; Fort Calhoun Stat. <

,

Environmental Appraisal Report," Environmental Sciences o, . .g.
Inc., October 1981.

5. USNRC Inspection and Enforcement Bulletin No. 74-13. " Improper Factory
Wiring on GE Motor Control Centers at Fort Calhoun," 1974

B30, GINNA

1. NUREG4)611, " Generic Evaluation of Feedwater Transients and Small Break
Loss of Coolant Accidents in Westinghouse Designed Operating Plants,"
Appendix X.6, "Ginna Auxiliary Feedwater System," USNRC, January 1980.

2. NUREG 0821, " Integrated Plant Safety Assessment, Systematic Evaluation
Program, R.E. Ginna Nuclear Power Plant," USNRC Office of Nuclear
Reactor Regulation, December 1982.

3. NUREG-0909, "NRC Report on the January 25,1982, Steam Generator Tube
Rupture at R.E. Ginna Nuclear Power Plant," USNRC, April 1982.

4. NUREG-0916 " Safety Evaluation Report Related to Restart of R.E. Ginna
Nuclear Power Plant," USNRC, May 1982.

5. NUREG/CR-1821, "Scismic Review of the Robert E. Ginna Nuclear Power
Plant ar " art of the Systematic Evaluation Program," Lawrence Livermore
National Laboratory, December 1980.

6. EPRI NP 2598, "Effect of Momentary Loss of Primary Coolant on a
Developing Natural Circulation; Partial Simulation of the dinna Transient,"
Stanford Research Institute, September 1982.
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B31. GRAND GULF 1 AND 2

1. NUREG-0777, " Environmental Statement Related to the Operation of the
Grand Gulf Nuclear Station, Units 1 and 2," USNRC Office of Nuclear
Reactor Regulation, May 1981.

2. NUREG-0831 " Safety Evaluation Report Related to the Operation of the
Grand Gulf Nuclear Station, Units 1 and 2," USNRC Office of Nuclear
Reactor Regulation, September 1981.

3. NUREG-0926, " Technical Specifications for Grand Gulf Nuclear Station, Unit
No.1," USNRC Division of Safety Technology, June 1982.

4. NUREG-0934," Technical Specificions for Grand Gulf Nuclear Station, Unit
1," USNRC Division of Licensing, October 1984.

5. NUREG/CR-0383, " Tornado Damage at the Grand Gulf, Miss., Nuclear
Power Plant Site: Aerial and Ground Surveys," Texas Tech. University and
University of Chicago, October 1978.

6. NUREG/CR-1659/4, SAND 80-1897/4. " Reactor Safety Study Methodology
Applications Program: Grand Gulf #1 BWR Power Plant," Sandia National
Laboratories, October 1981.

7. NUREG/CR 2530, " Review of the Grand Gulf Hydrogen Igniter System,"
Sandia National Laboratories, March 1983.

8. NUREG/CR-4550, Volume 6. " Analysis of Core Damage Frequency From
Internal Events: Grand Gulf Unit 1," Sandia National Laboratories and Science
Applications International Corp., April 1987.

9. NUREG/CR-4551, Volume 4, " Evaluation of Severe Accident Risks and the
Potential for Risk Reduction: Grand Gulf Unit 1," Sandia National
Laboratories and Science Applications International Corp., April 1987.

10. NUREG/CR-4700, Volume 4, " Containment Event Analysis for Postulated
Severe Accidents: Grand Gulf Unit 1," Sandia National Laboratories and
Science Applications International Corp., April 1987.

I1. " Grand Gulf," Nuclear Engineering International, September 1980, pp 35 to
50.

H32. IIADDAM NECK

1. NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break
Loss of Coolant Accidents in Westinghouse-Designed Operating Plants,"
Appendix X.7, "Haddam heck Auxiliary Feedwater System", USNRC,
January 1980.

2. NL "EG-0826, " Integrated Plant Safety Assessment Report, Systematic
Evaluation Program - Haddam Neck Plant," USNRC Division of Licensing,
June 1983.
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3 NUREG-ll85, Volumes 1 and 2 (Draft), " Integrated Safety Assessment
Report," USNRC Division of Reactor Projects, July 1987.

4. EPRI NP-3488, " Fuel Oilures in the Connecticut Yankee Reactor (Haddam
Neck), Addendum to NP-2119," Northwest Utilities Service Company, May
1984.

5. NUSCO-149, " Connecticut Yankee Probabilistic Safety Study," Northeast
Utilities, February 1986.

H 3 3. IIATCil 1 AND 2

1 NUREG-0395, " Technical Specifications for Edwin I. Hatch Nuc', ear Plant,
Unit 2," USNRC Office of Nuclear Reactor Regulation, June 1978.

2. NUREG 0411, " Safety Evaluation P; port Related to the Operation of the
Edwin 1.11atch Nuclear Plant, Uni'. No. 2," USNRC Office of Nuclear Reactor
Regulation, June 1978.

3. NUREG-0417, " Final Environmental Statement for Edwin 1. Ilatch, Unit 2,"
USNRC Office of Nuclear Reactor Regulation, March 1978.

4. EPRI NP-21%, " Core Design and Operating Data for Cycles 2 and 3 of Hatch
1," General Electric Company, February 1984.

B 3 4. HOPE CREEK 1

1. NUREG-0671, " Assessment of the Impacts of the Salem and Hope Creek
Stations on Shortnose Sturgeon," USNRC, April 1980.

2. NUREG-1048, " Safety Evaluation Report Related to the Operation of Ilope
Creek Generating Station," USNRC Division of Licensing, October 1984.

3. NUREG-1074, " Environmental Statement Related to the Operation of Hope
Creek Generating Station," USNRC Division of Licensing, December 1984.

4. NUREG-1202, " Technical Specification., for Hope Creek Generating Station,"
USNRC Division of Boiling Water Reactor Licensing, July 1986.

H35. INDIAN POINT 2

1. NUREG-0038," Draft Environmental Statemer:t for Selection of the Preferred
Closed-Cycle Cooling System at Indian Point, Unit 2," USNRC Office of
Nuclear Reactor Regulation, February 1976.

2. NUREG-0042, " Final Environmental Statement Related to the Selection of the
Preferred Closed Cycle Cooling System at Indian Point, Unit 2," USNRC
Office of Nuclear Reactte Regulation, August 1976.

3. NUREG-0080, " Draft Environmental Statement on Indian Point Unit 2
Extension of Once-Through Cooling,"USNRC Office of Nuclear Reactor
Regulation, June 1976.
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2 ,[ ,4. NUREG-0130, " Final Environmental Statement of Indian Point Unit 2 on -
!!e ,K Extension of Operation with Once Through Cooling,"-USNRC Office of.
ja Nuclear Reactor Regulation, November 1975 -< ' ' '

lic
R E -5. NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break

-

4. Loss of Coolant. Accidents in Westinghouse-Designed Operating Plants,""

Appendix X.9, " Indian Point 2 Auxiliary Feedwater System (AFWS)",+ s

.- USNRC, January 1980.
~ '

- ,

g 6.1-NUREG 0715, " Task Force Report on' Interim Operation of Indian Point,"'.

- USNRC Office of Nuclear Regulatory Research, August 1980.-
'

_
p

7. NUREG/CR 1100, " Evaluation of Impingement Losses of White Perch at' the
- >1 : Indian Point Nuclear Station and Other Hudson River Power Plants," Oak,

I. -Ridge National Laboratory, June 1980.=- *

k 8.i NUREG/CR 1 10, " Report of the Zion / Indian Point Study: Volume 1," -
mu - Sandia National Labrateies, August 1980.

9. NUREG/CR-1411 Volm&s-1 and 2, Report of the Zion / Indian Point Study,",

, Los Alamos National Laborhary, September 1980 (Vol.1) and July 1980 (Vol.--

, -

-

- 2).-
,

, ,

- 10. NUREG/CR-2228,,"Contair. ment Response During Degraded Core Accidents-
-- g Initiated by Transients and Small Break LOCA in the Zion / Indian Point Reactor
_

o Plants," Bmokhaven National Laboratory, July 1981.

y6 .11'. NUREG/CR-2569,;" Response of the Zion:& Indian Point Containment
m

Buildings to Severe Accident Pressures," Los Alamos National Laboratory,-r

May 1982., ,
-,

m 12. NUREG/CR-2655, " Evaluation of the Prompt Alerting Systems atiFour
= A' Nudear Power Stations,'? Bolt, Beranck,'& Newman, Inc., September 1982.g
- ,

13. -NUREG/CR-2934, " Review and Evaluation of the Indian Point Probabilistic-

:.

, ,u, Safety Study," Sandia National Laboratories, December 1982.

[' 14.i NUREG/CR-4524, "Closcout of IE Bulletin 8G-24: . Prevention of Damage Duc
' ~

.

to Water Leakage Inside Containc.ent," Parameter, Inc., March 1987.
-

-

.

', '15. NUREG/CR-4985, " Indian Poin '' % actor Coolant Pump Seal Evaluation."'

3 Brookhaven National Laboratory, % '1987.

L _' '16. GAO/RCED 83-158, " Response to Specific Questions on the Indian Point.
'

C Probabilistic Safety Study," U. S. General Accounting Office, May 24,1983.'
,

;-

d x B36. INDIAN POINT 3
w
,

1. NUREG-75/002,'" Final Environmental Statement Related to Operation of
M . Indian Point Nuclear Generating Plant, Unit No. 3, Volume 1," USNRC Office

J of Nuclear Reactor Regulation, February 1975.><
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2. NUREG 75/003 " Final Environmental Statement Related to Operation of-

Indian Point Nuclear Generating Plant, Unit No. 3. Volune 2," USNRC Office
of Nuclear Reactor Regulation, February 1975. '<-

,

3, JUREG 0296, " Draft Environmental Statement for- Selection of Preferred -
1Closed-Cycling Cooling at Indian Point, Unit 3 " USNRC Office of Nuclear - j3-

Reactor Regulation, August 1977..

: 4. NUREG-0661, " Generic S. valuation of Feedwater Transients and Small Break. l

Loss of Coolant Accidents in Westinghouse-Designed Operating Plants,"
-

.
:Appendix X.10. " Indian Point 3- Auxiliary Feedwater System," USNRC, . '

January 1980.
+

.

e 5. NUREG 0715, " Task Force Report on Interim Operation of Indian Point,"> ;

USNRC Office of Nuclear Regulatory Research, August 1980.

6. NUREG/CR-1100, "Ecaluation of Imningement Losses of. White Perch at the <

Indian Point Nuclear Station and Other Hudson River Power Plants," Oak
g Ridge National Laboratory, June 1980.

7. NUREG/CR 1410,." Report of the Zion /Indi,.; Point Study: : Volume '),"- -

1 Sandia National Laboratories, August 1980.
4

y' 'R , NUREG/CR-1411, Volumes 1 and 2, Re > ort of ihe Zion / Indian Point Study,"
Los Alamos National Laboratory, Septem xr 1980 (Vol.1) and July 1980 (Vol,
2). ',

9. -NUREG/CR-2228, " Containment Response During Degraded Core Accidents - I
initiated by Transients and Small Brcak LOCA in the Zion / Indian Pcint Reactor j,

'

Plants," Broolhaven NationC Laboratory, July 1981. '

i - 10. NUREG/CR-2655, "Evaluaties af the Prompt Alerting Systems at Four
Nuclear Power Stations," Bolt, Eeranck, & Newman, Inc., Septembet ,1982.,

.11. NUREG/CR-2934,:" Review and Evaluation of the Indian Point P'obabilistic,

'

Safety Study," Sandia National 120eratories, December 1982.
,

3
,12. NUREG/CR-3281, " Investigation of the Shell: Cracking on, the Steam ;

Generators of Indian Point No. 3," Bmokhaven National Laboratory, June - '
,

198L
>

.

13. NUREG/CR 3641, " Reliability Assessment ofIndia:: Point Unit 3 Containment
' Structu e," Brookhaven National Laboratory, May 1984.,

.
-

.

.

e

.14. NUREG/CR 4179, Volumes 1 to 5, " Digraph Matrix Analysis for Systems
',

4 Interactions at Indian Point Unit 3," Lawrence Livermore Narranal Laboratory,
' January 1986.

' '

15. NUREG/CR-4207, '!Fanit Tree Application to the Study of Systems i

-Interactions at la&n Point 3," Brookhaven National Laboratory, January.
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16. NUREG/CR-4565, "Probabilistic Safety Study Applications Program for
Inspection of Indian Point Unit 3 Nuclear Power Plant," Brookhaven National
Laboratory, March 1986.

17. GAO/RCED-83-158, " Response to Specinc Questions on the Indian Point
Probabilistic Safety Study," U. S. General Accounting Office, May 24,1983.

B37. KEWAUNEE

1. NUREG-0611, " Generic Evaluation of Feedw ater Transients and Small Break
Loss of Coolant Accidents in Westinghouse-Designed O eratin Plants,"

ndix X.11, "Kewaunee Auxiliary Feedwater System", SNR , January

B38. LaSALLE 1 AND 2

1. NUREG-0486," Final Environmental Statement Related to the Operation of the
LaSalle County Station, Units 1 and 2," USNRC Office of Nuclear Reactor
Regulation, September 1978.

2. NUREG-0519, " Safety Evaluation Report Related to the Operation of the
LaSalle County Station, Units 1 and 2," USNRC Office of Nuclear Reactor
Regulation, March 1981.

3. NU . '3-0861, Technical Specifications for LaSalle County Station, Unit No.
1," b; ARC OfSce of Nuclear Reactor Regulation, April 1982.

4. NUREG-1013 "Techmcal Specificatious for LaSalle County Station, Unit No.
2," USNRC Division of Licensing. December 1983.

5. NUREG/CR-4836," Approaches to Uncer:ainty Analysis in Probabilistic Risk
Assessment," Sandia National Laboratories, January 1988 (applies to LaSalle
PRA).

6. NUREG/CR-5037," Fee Environment Determination in the LaSalle Nuclear
Power Plant Consol Room," Brookhaven National Laboratory, October 1987.

7. EP.RI NP-5238," Rick-Based Evaluation of Technical Sr cification Problems at
the La Salle County Nuclear Station," Delian Corporation, June 1987.

B39. LIMERICK 1 AND 2

1. NUREG-0974, " Draft Environmenta Statement Related to the Operation of
Limerick Gener ning Station, Units 1 and 2," USNRC, June 1983.

2. NUREG-0991, " Safety Evuluation Report Rela'ed to the Operation of Limerick
Genera:ing Sation, Units 1 and 2," USNRC, August 1983.

3. NUREG-1068, * Review Insicht m the Probabilistic Risk Assessment for the
Limerick Generating Station,' uWC, August 1984.

4. NUREG-1149, " Technical Specification for Limerick Generating Station, Unit
No.1," USNRC Office of Nuclear Reactor Regulation, June 1985.
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5. NUREG/CR 3028, "A Review of the Limerick Generating Station Probabilistic. .;
Risk Assessment," Brookhaven National Laboratory, February 1983. - 1

6. -NUREG/CR-3493, "A Review of the Limerick Generating Station Severe - ;

Accident Risk Assessment Review of Core Melt Frequency," Brookhaven 9-

National Laboratory, July 1984.
1,

q -7. L "Probabilistic Risk Assessment, Limerick Generating Station,'? Philadelphia ! *
'

Electric Company, September 1982. c,

1

B 4 0. . MAINE YANKEE
w ,s

1. NUREG 0635, " Generic Evaluation of Feedwater Transients and Small Break i'

Loss of Coolant Accidents in Combustion Engineering Designed Operating :.*
Plants," Appendix X.4, " Maine Yankee Auxiliary Feedwater System,"

i USNRC, January 1980. 1
.,

2.' NUREG/CR-2993, " Examination of Failed Studs hem No. 2 Steam Generator ]
at the Maine Yant ce Nuclear Power Station," Brookhaven National Laboratory,': a
February 1983.

'

;

3. - NUREG/CR13724, " Ultimate Strength A'nalysis of the Watts -Bar, Maine
'

a
~

1
Yankee, and .Bellefonte Containments," Sandia National Laboratories, July y'

~ 1984.-

^

4. NUREG/CR-4826, " Seismic Margin Review of the Maine Yankee Atomic
- Power Station," Lawrence Livermore National Laboratory, March 1987..

'

,

,

' 5. NSAC-065, " Analysis of Mixing in the Cold leg and Downcomer of a Three-|

Loop C-E Plant During an MSLB," Electric Power Research Institute, MayJn >

f "1984; ,
.q
a

L - B 41. i McGUIRE'l AND 2 U

1. NUREG 75/104, " Environmental Statement for the McGuire Nuc14ar Station,
'

P Units' I and 2," USNRC,

[2.' 'NUREG Oo*2, " Safety E-nluation Report for McGu.re Nuclear Station, Unitst

1 and 2," USNRC Office o. Nuclear Reactor Regulation, March 1978.

),1hl
'

,

' .

E 3; NUREGICR-1891," Reliability Analysis of Containment Strength - Sequoyah
' '>m'

o ' and McGuire Ice Condenser Containments," lowa State University, August - '

1982.- 1y ,a_
L

'

4.0 EPRI NP 47957"Use of Reliability Centered Maintenance for the McGuire )1
,

- Nuclear Station Feedwater System," Los Alamos Technical Associates,Inc., 1
1Saratoga Engineering Coasultants, September 1986.-

y . 1

p' a 5. EPRI NP 5622, "PWR . Pressure Vessel Neutron Spectra at McGuire-~1," l* ~

University of Missouri, Rolla, February 1988.
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B42' MILLSTONE 1.
G

: 1, NUREG 0824; " Integrated Plant Safety Assessment, Systematic Evaluation-
Program for Millstone Nuclear Power Station, Unit 1," USNRC Division of

; Licensing, February 1983..
,

2. NUREG 1143, " Safety Evaluation Report Related to the Full-term Operating.

- License for Millstone Nuclear Power Station, Unit No.1," USNRC, October -
1985.

3D NUREG ll84, " Integrated Safety Assessment Report,-Integrated Safety
e Assessment Program - Millstone Nuclear Power Station, Unit 1," USNRC

Office of Nuclear Reactor Regulation, April 1987. -

# 1 4, NUREG/CR-2024,;" Seismic Review of Millstone 1 Nuclear Power Plant as
Part of the Systematic Evaluation Program," Lawrence Livermore National ., oz
Laboratory, July 1981.

5. = NUREG/CR-3085, " Interim Reliability Evaluation Program: Analysis c f the.
- Millstone Point Unit'l Nuclear Power Plant," Science Application International,
Corporation, February 1983.

6! 'NUREG/CR-32." The Effect of Resolutiv i the Millstone Point Unit 1,
Systematic Eva' Program Issues on Probabilistic Calculations of Risk,"
Sandia: Natio* aboratories and Science Applications International.'

Corporation, December 1983.

'7. USNRC Inspection and Enforcement Bulletin No. 76-01, "BWR Isolation-

Condenser Tube Failure," March 1976.
.

.

8&NUSCO 147, " Millstone 1 Probabilistic Safety Study," Northeast Utilities,
, ' "

- July.1985.'
,

,o

% B 43, . MILLSTONE 2
.

.
. l . - NUREG-0635, '' Generic Evaluation of Feedwater Transients and Small Break

.

Loss of Coolant' Accidents in Combustion Engineering Designed Operating-
%

'

. Plants," Section X.5, " Millstone 2 Auxiliary Feedwater System," USNRC,
~

1 D January 1980. ,

'

i 2. EPRI' NP-2974,.." Secondary Water Chemistry = at Millstone 2," NWT'

f, Corporation, April 1983.
<

3. EPRI NP-3795, " Evaluation of Millstone-2 Steam Generator Chemical'y'
Decontamination,". Radiological & Chemical Technology, Inc., November.

-1984. .

B44.. MILLSTONE 3

1. -NUREG-1031, " Safety Evaluation Report Related to the Operation of Millstone+

Nuclear Power Station, Unit No. 3," USNRC Division of Licensing, July
1984.
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f 2. 'NUREG '1064, " Final Environmental Statement Related to the1 Operation of :
Millstone Nuclear Power Station, Unit No. 3," USNRC, December 1984.-'

3.) NUREG 1152, " Millstone 3 Risk Evaluation Report," USNRC, June 1986.

4. NUREG-1176, " Technical Specifications for Millstone Nuclear Power Station,
Unit 3," USNRC Division of Pressurized Water Reactor Licensing, January

,

1986?

5. NUREG/CR 4142, "A Review of the Millstone 3 Probabilistic Safety Study,"
. Lawrence Livermore National Laboratory, April 1986.

'

6. NUREG/CR-4143,. " Review and Evaluation of the Millstone Unit -3,
Probabilistic Safety Study," Brookhaven National, Laboratory, September ~
1985.

7 " Millstone 3 Pmbabilistic Safety Study, " Northeast Utilities, August 1983..

B45. MONTICELLO

1. EPRI NP-3831, " Evaluation of Primary System Decontamination at the
< Monticello Nuclear Generating Plant," Radiological & Chemical Technology,-
Inc.. April 1985.

.

2..- EPRI NP-5181M, "BWR Pilot Plant Life Extension Study at the Monticello
' Plant: Phase 1," Northern Stater P er Company, May 1937.

E B 4 6. NINE MILE POINT 1

1. NUREG/CR-2746, Vol. 6, " Socioeconomic Impacts of Nuclear Generating -:

. Station:qNine Mile Point and Fitzpatrick Case Study," Social Impact Research,
- Inc., July 1982.

- 2. EPRI NP-4182,'"Nine Mile Point 1 Recirculation Piping Recontamination,"
B . Radiological & Chemical Technology, Inc.,' July 1985

'B 4 7. > " NINE MILE POINT 2
w.

1. NUREG 1047, " Safety Evaluation Report Related to the Operation of Nine
Mile Point Nuclear Station, Unit No. 2," USNRC Division'of Licensing,
February 1985.

,

O' . 2. NUREG-1085, " Final Environmental Statement Related to the Operation of
.

'Nine Mile Point Nuclear. Station, Unit No.'2,";USNRC Division of Licensing,'

'

.Mey 1985.

~ ~3. NUREG-il93. "Teclinical Specifications for Nine Mile Point Nuclear Station,4

Unit.2," USNRC Division of Boiling Water Reactor (BWR) Licensing, October
1986.

F -4. NUREG 1253, " Technical Specifications for Nine Mile Point Nuclear Station,
' . ,

Unit 2," USNRC Division of Reactor Projects - I/II, July 1987.'
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5. NUREG/CR-2746, Voli 6, " Socioeconomic Impacts of Nuclear Geneiiting'

Stations:; Nine Mile Point and Fitzpatrick Case Study," Social Impact Resea reh,
Inc., July 1982.

k B48. NORTH- ANNA 1- AND 2 '

l. NUREG-0134, " Addendum to the Final Environmental Statement on North'

. Anna Power Station, Units 1 and 2," USNRC Office of Nuclear Reactor
Regulation, November 1976.'7

2. NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break

Loss of Coolant Accidents in Westing *iary Feedwater System", USNRC,iouse-Designed Operating Plants,"'Appendix X.12, " North Anna 1 Auxil
January 1980.

3. NUREG 0664, " North Anna Power Station Unit 2 Technical Specifications,"
USNRC Office of Nuclear Reactor Regulation, April 1980.

f|-

4. NUREG-0792, " Seismic Design Margin Evaluation of System and Equipment
Required for Safe Shutdown of North Anna, Units 1 and 2, Following an CSE'

Event,";USNRC Division of Engineering, June 1981.~ q

<

B49. OCONEE 1,' 2,. AND 3

1. NUREG 0560,"" Staff Report on the Generic Assessment of Feedwater
Transients in Pressurized Water Reactors Designed by the Babcock & Wilcox. !

Com 3any", Appendix L,' " Comments on Oconee Feedwater Systems", j
-

USN (C, May 1979 - J
.j7

E 2. ' NOREG/C"-1659, tVol. 2, Rev.11. " Reactor Safety Study | Methodology > W

Applications Program: Oconee #3 PWR Power Plant,"' Sandia National
Laboratories, May 1981.

>-

6 3. NUREG/CR 2083, " Evaluation of Pressurized Mermal Shock, Initial Phase of
' ' . Study," Oak Ridge National Laboratory, October 1981 (case study based on -|

: Oconee).

- 4. - NUREG/CR-2'749, Vol. 7, " Socioeconomic Impacts of Nu" lear Generating - 4
Stations: Oconee Case Study," Social Impact Research, Inc., Mountain West 1

- Research, Inc., July 1982.
| .

,

5. ' NUREG/C&2750, " Socioeconomic Impacts of Nuclear Generating Stations -D '

@ TSummary Report on the NRC Post-Licensing Studies," Mountain West .,

L Research, Inc., July 1982, '|
m

6. NUREG/CR-3692,."Possible Modes of Steam Generator Overfill Resulting i'

From Control System Malfunctions at Oconee-1 Nuclear Plant," Oak Ridge j
K' - a ,

? National Laboratory, July 1984. |
!p

H L7. NUREG/CR 3703,".hssment of Selected TRAC and RELAPS Calculations
.

.for Oconee-1 h ..sazed Thermal Shock Study," Brookhaven National j

!' Laboratory, Ard, 985.
!
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i 8; NUREG/CR 3706," TRAC Analyses of Severe Overcooling Transients for th'e
'

: Oconce-1 PWR,"les Alamos National Laboratory. August 1985..

? 9.E NUREG/CR-3761,= "RELAP5 Thermal Hydraulic Analyses of Pressurized =

* Thermal Shock Sec uences for the Oconee 1 Pressurized Water Reactor," '

H EG&G Idaho, Inc., Tuly 1984. r

ib 10. NUREG/CR-3770," Preliminary Development of an Integrated Approach to the 'I
y Evaluation of Pressurized Ther"al Shock as Applied to the Oconec Unit 1 3

_ Nuclear Power Plant," Oak Ridge National Laboratory, December 30,1985. '

'

L-
,

=11. NUREG/CR 3991, " Failure Modes and Effects Analysis-(FMEA) of the
3,

ICS/NNI Electric Power Distribution Circuitry at the Oconee-1 Nuclear Plant,".
,

; Oak Ridge National Laboratory, October 1985. i
,

;,; 412. NUREG/CP,-4047,"An Assessment of the Safety Implications of Control at the l
'Oconee 1 Nuclear Plant Final Report," Oak Ridge National Laboratory, Mamh 1
1986. ;

'#
13h NUREG/CR-4140,i" Dominant Accident Sequences in Oconee-1 Pressurized

Water Reactor," los Alamos National Laboratory, April 1985.
4

--14. NUREG/CR-4374,-Vol,1, "A Review of the Oconce-3 Probabilistic Risk
j. .'

- Assessment - Intemal Events, Core Damage Frequency,'.' Brookhaven National 4
L Laboratory, March 1986. ,

! e

[ '15. NUREG/CR-4374, Vol. 2, "A Review of the Oconee-3 Probabilistic' Risk> -
*

-L Assessment External Events, Core Damage Frequency," Bmokhaven National '
Laboratoiy, March 1986.

16. NUREG/CR-4374, Vol 3 "A Review of the Oconee 3 Probabilistic Risk
l4 ~ Assessment' Containment Performance, Radiological Source Tenns and Risk
.,

. Estimates," Brookhaven National Laboratory, June 1986.
.r

'17.1 NUREG/CR-4768,' " Methodology and Application of' Surrogate Plant PRA R,,

W,~, ' Analysis to the Rancho Seco Power Plant - Task 1- Analy' is of ANO-1 ands

Oconee PRAs,'' Battelle Memorial Institute, Pacific Northwest Laboratory, Julyo
.

'1987.-
+

18. , NUREG/CR-5006,"PRA Application Program for Inspection at Oconee Unit
3," Battelle Memorial Institute, Pacific Northwest Laboratory, October 1987,

19. EPRI NP 3198, " Secondary Water Chemistry at Oconee," NWT Corporation,
March 1984.

:20. NSAC-060, "Oconee PRA': A Probabilistic Risk Assessment of Oconee Unit
3," Electric Power Research Institute and Duke Power Company, June 1984 ;<

21. NSAC-082, "Er-erience and Lessons From the Oconee PRA," Tecnolog' for '

Energy Corporation, November 1984, a
:

22. PLG-0102, " Risk Analysis of Transpotting Oconee Spent Fuel to the M',Guire
- Nuclear Station,".Pickard, Lowe and Garrick,Inc., June 1979.
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..23. "Oconee Nuclear Power Plant," Nuclear Encineerine International. April 1970, .
pp 337 to 344.
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B50.1 . OYSTER CREEK-'

9;

1. " Final Environmental Statement Related to Operation of Oyster Creek Nuclear I

Generating Station," USNRC Directorate of Licensing, December 1974. -)
.

2. NUREG-0822, " Integrated Plant Safety Asressment - Sys'ematic Evaluation -

#

Program - Oyster Creek Nuclear Gene "r.g Station" USNRC, July 1988<

(Supplement 1) '
-

.
.

.

g 3. NUREG/CR-1015, " Analysis of Boring and Fouling Organistas m the Vicinity j

of the Oyster Creek Nuclear Generating Station," Lehigh University,1979 (and "

carlier reports with the same title: NUREG/CR-08% and NUREG/CR-0812). ;

4. NUREG/CR 3446,'"EcMagic : Studies of Wood-boring Bivalves in the
- Vicinity of the Oyster Cres k Nuclear Generating _ Station," Academy of Natural
Sciences of Philadelphi.', October 1983 (and -earlier progress report .;-

NUREG/CR 2727).

5. PLG-0100, " Oyster Creek ProhYlitic Safety Analysis," Pickard, Lowe and<

Garrick,Inc., August 1979 (draf0 y
,

6. " Oyster Creek," Nuclear Encine,erine Internat' anal, June 1965, pp 225 to 228.

H 51. - - PALIS ADES

L 1. NUREG 0125, " Draft Addendum to the Final Environmental Statement on-
* Palisades Nuclear Generating Plant, Unit 1," USNRC Office of Nuclear 'i

L Reactor. Regulation, November 1976.
m

2. . NUREG-0343, " Final Addendum to the Final Environmental Statement on
s Palisades Nuclear Generating Plant," USNRC Office of Nuclear Reactor 1

f - Regulation, January 1978.
'

;

~

- 3. J NUREG 0635; " Generic Evaluation of Feedwater Transients and Small Break :
p Loss of Coolant Accidents in Combustion Engineering Designed Operating ;

L Plants," Appendix X.6, " Palisades Auxiliary Feedwater System (AFWS)", !

-. USNRC,; January 1980.
,

L 4. NUREG-0820, " Integrated Plant Safety Assessment, Systematic Evaluation
'

- Program - Palisades Plant," USNRC Division of Licensing, October 1982. '

I5. NUREG/CR-1833, " Seismic Review of the Palisades Nuclear Power Plant
' Unit I as Part of the Systematic Evaluation Program," Lawrence Livermore

,

National Laboratory, January 1981, i

o
6. NUREG/CR 2583, " Structural Review of the Palisades Nuclear Power Plant

Unit 1 Containment Structure Under Combined Loads for the Systematic ,

Evaluation Program," Lawrence Livermore National Laboratory, March 1982.

7. " Palisades PWR Nuclear Power Station," Nuclear Encineerine International,
January 1970,' pp 27 to 42.
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B ' 2. - .PALO VERDE 1,2 AND 35
,

1. NUREG-0857, " Safety Evaluation Re x>rt Related to the Operation of_Palo
Verde Nuclear Generating Station, Units 1, 2 and 3," USNRC Office of

N Nuclear Reactor Regulation, Novcmber 1981.

2. NUREG-1133, " Technical Specification for Palo Verde Nuclear Generating
,

b< ' Station, Unit 1," USNRC, May 1985.
:b

3. NUREG 1181, " Technical Specification for Palo Verde Nuclear Generating>

Station, Unit 2," USNRC Division of Pressurized Water Reactor Licensing,
,

,;! - April 1986.

~ 4'. NUREG 1287, " Technical Specification for Palo. Verde Nuclear Generating-
. Station, Unit 3," USNRC Division of Reactor Projects, November 1987.>

. .

: Si NUREG/CR 2322, "Palo Verde Nuclear Generating Station Units 1,2 and 3
Auxiliary Feedwater System Reliability Study Evaluation," Sandia National

'

Laboratories, December 191.

B 53, PEACH BOTTOM 2 AND 3
, ,

1. WASH-1400,'" Reactor Safety Study'- An Assessment'of Accident Risks in
U.S. Commercial Nuclear Power Plants,"_ USNRC, October 1975. Peach
Bottom was the modeled BWR).

2. NUREG/CR-2749, Volume 8, " Socioeconomic Impacts of Nuclear Generating
Stations: Peach Bottom Case Study, " Mountain West Research, Inc., July
1982.>

1
- 3. NUREG/CR-4550, Volume 4, " Analysis of Core Damage Frequency-for

Intemal Events: Peach Bottom, Unit 2," Sandia National Laboratories, October#

11986.

' 4. NUREG/CR-4551, Volume 3, " Evaluation of Severe Accident Risk and* '

Potential for Risk Reduction: Peach Bottom, Unit 2," Sandia National
Laboratories, April 1987.

5. NUREG/CR-4696, " Containment Venting Analysis for the Peach Bottom
Atomic Power Station," EG&G Idaho, Inc.,-December 1986.

6. SAND 86 2129C, " Analysis of Peach ' Bottom Station Blackout with'

MELCOR," Sandia National Laboratories,1986.

B54. PERRY 1 ~AND 2

1, NUREG 0884, " Draft Environmental Statement Related to the Operation of
- Perry Nuclear Power Plant, Units 1 and 2," USNRC Office of Nuclear Reactor
Regulation, March 1982.

2. - NUREG 0887, " Safety Evaluation Report Relaten to the Operation of Perry
Nuclear Power Plant, Units 1 and 2-," USNRC Office of Nuclear Reactor

j Regulation. January 1983. ]
'
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3. NUREG-1162, " Technical Specifications for Perry Nuclear Power Plant, Unit -
1," USNRC Division of Boihng Water Reactor (BWR) Licensing March 1986.'

4. ~ NUREG 1204, " Technical Specifications for Perry Nuclear Power F. ant, Unit
'

1," USNRC Office of Nuclear Reactor Regulation, November 1986.

B 5 5. PILGRIM 1

1. NUREG-75/054, " Safety Evaluation Related to Construction of Pilgrim, ,

. Nuclear Generating Station, Unit No; 2 USNRC Office of Nuclear Reactor
Regulation, June 1975.'

' 2. NUREG-0022, "Su pplement 2 to the Safety Evaluation Report for Construction
%_ of the Pilgrim Nue: car generating Station, Unit 2," USNRC Office of Nuclear;

Reactor Regulation, February 1976 (Supp. to NUREG-75/054)t

3.' NUREG-0549, " Final Supplement to Final Environmental Statement Related to-

. Construction of- Pilgrim' Nuclear Power. Station,'' Unit ' No.- 2," Nuclear* '
-

Regulatory Commission, March 1979.1
,

.4. NUREG/CR-0395, ' raluation of Radioactive lodine' Measurements at the
Pilgrim Nuclear Power Plant," Science Applications International Corp.,

'

' October 1978.,

BM. POINT BEACH I AND 2--

1. NUREG 0611, " Generic Evaluation of Feedwater Transients and Small Break
: Loss of Coolant Accidents in Westinghouse-Designed Operating Plants,"'

: Appendix X.14," Point Beach 1 and 2 Auxiliary Feedwater System", USNRC,
January 1980.

2. , NUREG 0816, " Power Plant Siting and Design: Intake and Discharge Effects-
at Point Beach Nuclear Plant on Lake Michigan Biota and Fisheries," USNRC
Division of Engineering, February 1982.

~ 3.' NUREG 1011. " Final Environmental Statement Related to Steam Generator-
Repair at the Point Beach Nuclear Plant, Unit 1," USNRC Division of
Licensing, September 1983.

~

'

4.1 NUREG/CR-4458, " Shutdown Decay Heat Removal Analysis of a .
Westinghouse 2-Loop Pressuriz:d ' Water Reacto:," Sandia National

- Laboratories,-March 1987 (case study based on Point Beach plant).2

-5. EPRI NP-0860,~ " Effects of Shutdown Chemistry on Steam Generator-
- Radiation Levels at Point Beach Unit 2," Westinghouse Electric Or.poration,
May 1982.

1B57. PRAIRIE ISL'AND 1 AND 2

-1.1NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break
i Loss of Coolant Accidents in Westinghouse-Designed Operating Plants,"

. Ap$pendix X.13, " Prairie Island 1 and 2 Auxiliary Feedwater System",LU NRC, January 1980.
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2. 'NUREG/CR-4397, "In Plant Source Term Measurements at Prairie ~ Isla vt
Nuclear Generating Station," EG&G Idaho, Inc., September 1985.

B58.' QUAD CITIES 1! AND 2 ;
.

1. NUREG/CR-1195, " Measurement of Xe-133, C 14 and Tritium in Air and.

I 131 in Vegetation and Milk Around the Quad Cities Nuclear Power Station," '
Exxon Nuclear, Idaho National Engineering Laboratory, July 1980.*

.2.i NUREG/CR-Itd0," Evaluation of the Air-Vegetation-Milk Pathway for1-131
' at the Quad Cities Nuclear Power Station," Exxon Nuclear Co. Inc., November'

1981. |
.

13. _ NUREG/CR-4448, =" Shutdown Decay Heat Removal Analysis of a General,
,

' Electric BWR3/ Mark I, Case Study" Sandia National Laboratories, March 1987 q
(case study perfomied on Quad Cities t ut). ;.

( ; EPRI NP-0552, " Core Design and Operating Data for Quad Cities 1 Cycle 3,"
'

General Electric Corporation, March-1983.:

t 5. EPRI NP-3568, " Quad Cities Nuclear And Fuel Performance Measurements,"' j
General Electric Corporation, July 1984.

~~

.

- B 5 9. - RANCHO. SECO I j

1. NUREG 0560, " Staff Report on the Generic Assemment of Feedwater
i Transient in Pressurized Water Reactors Designed 1- the Babcock & Wilcox

Company,". Ap xndix K, " Comments on Rancho Se'co Feedwater Systems," .

USNRC, May 1979.
,

|2. ' NUREG 1195, " Loss of Integrated Control Systems Power and Overcooling
Transient at Rancho Seco or, December 26,1985," USNRC, February 1986.

3. NUREG 1286, " Safety Evaluation Report Related to the Restart of Rancho
- Seco Nuclear Generating Station Unit 1, Following the Event of December 26,
1985," USNRC, March 1988.

t
I- 14. NUREG/CR 0456,'" Rancho Seco Building Wake Effects on Atmospheric

' Diffusion," National Oceanographic and Atmospheric Administration, ,

December 1978.
u

h 5. NUREG/CR 1286, " Rancho Seco Wake Effects on Atmospheric Diffusion:
,

L: Simulation in a Meteorological Wind Tunnel," Colorado State. University, i

L .. J.nuary 1980.
;* -

.

p 6. NUREG/CR-2348, "In' plant Source Term Measurements at Rancho Seco,"
.

I EG&G Idaho, Inc., October 1981.

7. : NUREG/CR 2749, Volume 9, "Fxioeconomic Impacts at Nuclear Generating
Stations: Rancho Seco Case Study," Mountain West Research, July 1982.-

L

'
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8; NUREG/C163013, " Review of the Rancho Seco Nuclear Generating Station-
,[t ''

Unit No.-1 Auxiliary Feedwater System Keliability Analysis," Brookhaven
?- . National Laboratory, April 1983.
y. -

; 9. NUREG/CR-4286, " Evaluation of Radioactive Liquid Effluent Releases fromy

: Rancho Seco Nuclear Power Plant," Oak Ridge National Leboratory,- March :- ' ',

-1986.4 -
,

10. NUREG/CR-4768, " Methodology and Application of Surrogate Plant PRA
Analysis to the Rancho Seco Power Plant," Battelle Memorial Institute, Pacific'-
Northwest Laboratory, July 1987.

g . B60' RIVER BEND l',

g -1. NUREG 0989, " Safety Evaluation Report Related the the Operation of River
Bend Station," USNRC Division of Licensing, May 1984.=

L2, - NUREG 1073, " Final Environmental Statement Related to the Operation of
g River Bend Station," USNRC, January 1985.

- 3 E NUREG-1172,'." Technical Specifications for River Bend Station," USNRC'
Office of Nuclear Reactor Regulation, November 1985.

B61.- ROBINSON t 2;g <

i;> .1-. NUREG 75/024; " Final Environmental Statement Related to the Operation of -
R s H. B. Robinson Steam Electric Plant, Unit.2,'.' USNRC, April 1975..

w ,

- 2. NUREG 0611, " Generic Evaluation of Feedwater Transients snd Small Break,*

.

. Loss-of-Coolant Accidents in . Westinghouse Designed Operating Plant,"-

.

1 Appendix X-8,' "H. B. Robinson Auxiliary Feedwater System," USNRC,>

; January 1980.
-

,

d 3L NUREG-1003,-" Final Environmental Statement Related to Steam Generator-"'

Repair at 'H. B. Robinson ' Steam Electric Plant,. Unit No. 2 " USNRC,
-November 1983. ,

4. NUREG/CR-2822, " Concentrations of Copper-binding Proteins in the Livers
.'of Wuegills from'the Cooling Lake at the HEB. Robinson Nuclear Power
i Station," Lawrence Livermore National Laboratory; November 1982.

. 5. NUREG/CR4132, " Concentration and Distribution of Copper.in Effluents.
from the H. B. Robinson Steam Electric Plant," Lawrence Livermore National

' Laboratory, August 1983.

6. NUREG/CR-3935," Thermal-hydraulic Analyses of Overcooling Sequences for,

the'H. B. Robinson Pressurized Thermal Shock' Study," EG&G Idaho, Inc.,
July 1985.

7.' NUREG/CR-3977, "RELAr5 Thermal-Hydraulic Analyses of Pressurized'

Thermal Shock Sequences for H. B. Robinson Unit 2 Pressurized Water
Reactor," EG&G Idaho, Inc., April 1985.

,
)
i
1
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4 8. N'UREG/CR-4183, " Pressurized > Thermal Shock Evaluation of the H. B.'

Robinson . Unit 2 Nuclear Power Plant," Oak Ridge National Laboratory,
September 1985.

n

- 9. NUREG/CR 4439, WPmN Analysis of Pressure Vessel Surveillance
Dosimetry Inserte u. Robinson 2 During Cycle 9,": Oak Pidge

.

: National Laborator; - mber 1986.
,

10. NUREG/CR-4452, " Review of RELAPS Calculations for H. B. Robinson Unit
2 Pressurized Thermal Shock Study,". Brookhaven. National Laboratory,' >

December 1985.
, ,

. I 1. EPRI NP 3573-SR, " Robinson 2 Reactor Vessel: Pressurized Thermal Shock
Analysis for a Small-Break LOCA,'' Electric Power Research Institute, August -
1984.

B 62. ' SALEM 1 AND 2

-1. NUREG 0546,' " Technical Specifications for Salem Nuclear Generating
' Station, Unit No. 2," USNRC Office of Nuclear Reactor Regulation.

.

2.1 NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break
-Loss of Coolant Accicents-in Westinghouse-Designed Operating Plants,"
.

endix X.15,'" Salem 1 Auxiliary Feedwater System", USNRC, January

'

3. 'NUREG-0671',;" Assessment of the Impacts of the Salem and Hope Creek"

Stations on Shortnose Sturgeon, Acipenser Brevirostrum LeSueur,', USNRC
Office of Nuclear Reactor Regulation, April 1980.-

s
4. NUREG-0977, "NRC Fact-Finding Task Force Report on the ATWS Event at -

Salem Nuclear' Generating Station, Unit 1,Lon February 22 and 25,1983,"
Region 1, USNRC GrTice of Director, March 1983.

5. NUREG-0995, " Safety Evaluation' Report Related To Plant Restart of Salem-
Nuclear Generating Station, . Unit Nos.- 1 and 2," USNRC Division of-,

Licensing, December 1983.. -

a:
- 6. NUREG-1000, Vol.1, "C neric Implications of ATWS Events at the Sa!;m

Nuclear Power Plant - Generic Implications," USNRC Office of Nuclear"
.

y Reactor Regulation, April 1983.'

,

7. NUREG-1000,-Vol. 2, " Generic Implications of ATWS Events at the Salem'

Nuclear Power Plant - Licensee and Staff Actions," USNRC Office of Nuclear
Reactor Regulation, August 1983.

8; NUREG/CR 2965, " Copper in the Intake and Discharge Zones of the Surry
and Salem Nuclear Power Station," Lawrence Livermore National Laboratory,

,

May 1983. t

9. USNRC Generic Letter 83 28, '' Required Actions Based on Generic
Implications of Salem ATWS Events," July 1983."

1
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:10.1 EPRI NP-2703, " Salem Unit 1-Denting Mitigation Program: Implementation of -,

-Improved Oxygen, Chloride, and Copper Control,", Westinghouse Electric. '.

. Corporation, October 1982.,

> t

11. " Salem Breaker Incident," Nuclear Safety. Vol. 24, No. 4, July - August 1983.

.

B63? ; SAN ONOFRE 1

'l'. NUREG-0611,." Generic Evaluation of Feedwater Transients and Small Break 1
Loss of Coolant-Accidents in Westinghouse Designed Operating Plants,"

y Appendix X.16, " San-Onofre 1 Auxiliary Feedwater System", USNRC, >

~

January 1980. t

2. NUREG 0829 " Integrated Plant-Safety Assessment Report, Sy*stematic-
Evaluation Program - San Onofre Nuclear Generating Station Unit 1, USNRC

,
'

Division of Pressurized Water Reactor Licensing, December 1986. '

3. NUREG 1190," Loss of Power and Water Hammer Event at San Onofre, Unit ''

l ~on November 21,1985,". USNRC Incident Investigation Team, January
' q1986.

'

4.oNUREG/CR-0750, " Concentration and Specification of Copper in 'Vaters
'

Collected Near the San Onofre and Diablo Canyon Nuclear Power Stations,
Lawrence Livermore National Laboratory, November 1980. j

5. NUREG/CR-1090," Copper Distribution in Abiotic Compartments of Aquatic
Ecosystems Adjacent to the Diablo Canyon'and San Onofre Nuclear Power
Stations," Lawrence Livermore National Laboratory, October 1981.

;

B64., SAN ONOFRE:2 AND 3 4

1. ENUREG 0490, " Final Environmental Statement Related to the Operation of San
i Onofre Nuclear Generating' Station, Units 2 and 3," USNRC Office of Nuclear j
Reactor Regulation, April:1981. '

,

.2. NUREG 0712, " Safety Evaluation = Report Related to the Operation of San R,

| Onofre Nuclear Generating Station, Units 2 and 3," USNRC Office of Nuclear ,

p Reactor Regulation, February 1981.

;
'

b- 3. ' NUREG-0741, " Technical Specifications for San Onofre Nuclear Generating
,

L
Station; Unit No. 2," USNRC Office of Nuclear Reactor Regulation, February

M 1982-
! y

,E
~

4.- NUREG 0952, Technical Specifications for San Onofre Nuebar Geneatting eStation, Unit No. 3,". USNRC Office of Nuclear Reactor. Regulation, 'o ,

November 1982.' :n
.. 5. NUREG/CR 0750,'" Concentration and Speciation of Copper. in Waters- !!' Collected Near the San Onofre and Diablo Canyon Nuclear Power Swtions, ,

Lawrence Uvermore National Laboratory, November 1980.

6. NUREG/CR-1090," Copper Distribution in Abiotic Compartments of Aquatic
- Ecosystems Adjacent to the Diablo Canyon and San Onofre Nucl:ar Power
Stations," Lawrence Livermore National Laboratory, October 1981.
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N* 7. NUREG/CR-2153,." San Onofre Nuclear Generating Station, Units 2 and 3,'' y,

' Auxiliary Feedwater System Reliability Study Evaluation," Sandia National j-

Laboratories, October 1981. ,'

8. EPRI NP 5430, " Application of Reliability-Centered Maintenance to San'

> Onofre Units 2 and 3 Auxiliary Feedwater Systems," Erin Engineering and;
Research, Inc., October 1987.m'

9. EPRI NP-4278M, "PWR Transient Test Documentation at San Onofre Nuclear- !
-Generating Station niit 2," Combustion Engineering, Inc., Intermountain 1

Technologies, Inc., December 1985.- j

B65.- SEABROOK1
|

!. NUREG 0501, "Seabrook Alternative Site Review: I 'C Staff Testimony,"
,

USNRC Office of Nuclear Reactor Regulation, Decemix 1978. -|

2. NUREG 0895, " Final Environmental Statement Related to the Operation of.
Jc Seabrook Station, Units 1 and 2," USNRC Office .of Nuclear Reactor. !

' Regulation, Decembet 1982. i
, ,

3. NUREG-0896," Safety Evaluation Report Related to the Operation of Seabmok - ,

Station, Units 1 and 2," USNRC Division of Licensing, March 1983. - j
4. NUREG 1207, " Technical Specifications for Seabrook Station, Unit 1," l

#
'

Division of Pressurized Water Reactor Licensing, October 1986.
..

.

<
.

' 5. NUREGal331, " Technical Specifications for Seabrook Station, Unit 1," g-

'I' USNRC Office of Nuclear Reactor Regulation, Division of Reactor Projects,-
,

,' ; May 1989.
r,

6. NUREG/CR 2903,"An Independent Assessment of EvaluationTime Estimates ..

: for a' Peak Population Scenario in the Emergency Planning: Zone of the
Seabrook Power Station," Battelle Memorial Institute, Pacific Northwest +1,,,W : Laboratory, November 1982.

,

7 ;r.
,

> 7. NUREG/CR-3531, " Review of Seabrook Units 1 and 2 Auxiliary Feedwater'

/ System Reliability Analysis,"'Brookhaven National: Laboratory, February
C ;7 1984-
+ n

"

8. NUREG/CR 4552. "A Review of the Seabrook Station Probabilistic~ Safety -","
Assessment," Brookhaven National Laboratory,' March 1987. - [

K 9. ~rLG-0300 "Seabrook Station Probabilistic Risk Assessment,". Pickard, Lowe,
and Garrick, Inc.', December 1983.

px
B66. SEQUOYAII 1 AND 2

-t 1. NUREG-0620, " Technical Specifications for Sequoyah Nuclear Plant, Units 1
ph and 2," USNRC Office of Nuclear Reactor P.cgulation, June 1981, ,

= 2. . NUREG 0658, "Sequoyah - Unit 1 Technical Specifications," USNRC Office
''

of Nuclear Reactor Regulation. :,
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<3.- NUREG 0789, " Technical Specifications for Sequoyr.h Nucle: c Plant Unit No. -|,

Y(
. . ..

.
.

2,'' USNRC Division of Safety Technology., '.

,

.

4. NUREG-1232, Vol. 2. " Safety Evaluation Report on Tennessee Valley
1

Authority:. Seguoyah Nuclear Performance Plan - Sequoyph Unit 1 Restart," j
USNRC Associate Director for Special Projects, knuary 191d.

<
-

5. NUREG/CR-M59, Vol.1 " Reactor Safety Study Methodology Applications-
-

,

Program: - Segt'oyah #1 PWR Power Plant," Sandia National Laboratories,-

3
,

April 1981 o
. . . ,

6. ;NUREG/CR 1762, " Analysis of Hydrogen Midgation for Degraded Core . 1Accidents in ins Sequoyah . Nuclear Power- Plant," Sandia National: ;

Laboratories, March 30,1981.
,

7 ' NUREG/CR 1891;" Reliability Analysis of Containment Strength - Sequoyah.

o
and McGuire Ice Condent.er Containments," Iowa State University, August |1982.. ,i

1
8. NUREG/CR-2385, "CSQ Calculations of Hydrogen Detonations in the Zion"

and Sequoyah Nuclear Plants," Sandia National Laooratories, September 1982. g,

9. NUREG/CR-4550, Vol. 5, "Analy' sis of Core Damage Frequ::ncy From' n"
Internal Events: Sequoyah, Unit 1, Sandia National Laboratories, February j

!
. .19R7.

'

1
. ,

L# ~10 NUREG/CR 4551 Vol 2 (Draft) " Evaluation of Severe Accident Risks and
L '

. , . ,

the Potential for Risk Reduction: Sequoyah Power Station, Unit 1 - Dmft for
i

Comment." Sandia National Laboratories, February 1987. (

p' I 1, NUREG/CR-4700, Vol. 2 (Draft)," Containment Event Analysis for Postulated -.

P Severe Accidents: Sequoyah: Power Station,, Unit.1 - Draft Report for
*

;

Comment," Sandia National Labotatories, Febmary 1987.1 1s -

A
12. EPRI NP-3382,'"Sequoyah-Nuclear Power Plant: Availability and Safety

"

j Assessment," Pickard, Lowe and Garrick, Inc., December 1983. l
4

4
' '13. "Sequoyah Nuclear Power Plant," Nuclear Ennineering International. October '

LN 1971, pp 845 to 869.
g,,

. B 67. SHEARON: HARRIS
'

y u,

j, 1. NUREG-0972, " Environmental Statement Related to the Operation of Shearoni
[, Harris Nuclear Power Plant Units 1 and 2," USNRC Office of Nuclear Reactor = ;
% Regulation,
c

[ 2. ' NUREG-1038, " Safety Evaluation Report Related to the Operation of Shearon R,

Harris Nuclear Power Plant, Units 1 and 2," USNRC Division of Licensing,u, ,

h November 1983. -

\.

' 31 NUREG-1208, " Technical Specifications for Shearon Hart.; Nuclear Power
, Plant Unit 1," USNRC Division:of Pressurized Water Reactor Licensing,i,,'

October 1986.
i - m''
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C 4. .NUREG-1240, " Technical Specifications for Shearon Harris Nuclear Power ;
,

Plant, Unit 1," USNRC Division of Pressurized Water Reactor Licensing, -

January 1987.'-
,

'

- 5, NUREG/CR-4311, " Review of the Shearon Harris' Unit l' Auxiliary Feedwater
: System Reliability Analysis," Brookhaven National Laboratory, February

,

, - 1986.L
,

B68. : SHOREH AM -
v

. ,

,'' 1. NUREG 0420 " Safety Evaluation Report Related' to the Operation of
Shoreham Nuclear Power Station, Unit No.1,"=USNRC Office of Nuclear :

Reactor Regulation, April 1981.-'

' 4
2.= NUREG-1012 "Technica Specifications for Shoreham Nuclear Power Station. -

Unit No.1," USNRC Division of Licensing, December 1984. ;

3. NUREG 1126, " Technical Specifications for Shoreham Nuclear Power i

i Station," USNRC Division of Licensing, July 1985.

4. NUREG 1357," Technical Specifications for Shoreham Nuclear Power Station,
Unit," USNRC Division of Reactor Projects, April 1989. :

u
,

5. NUREG/CR-4050, "A Review of the Shoreham Nuclear. Power Station l!
Probabilistic Risk Assessment - Internal Events and Com Damage Frequency,"

<

Brookhaven National Laboratory, November 1985.'

6. -S AI-372 83-PA-01, "Probabilistic Risk Assessment, Shoreham Nuclear Power
Station," Science Applications International Corp. June 24,' 1983.

{
,

B 6 9.1 SOUTH- TEXAS 1 AND.2.

-1.; NUREG 0781,'" Safety Evaluation Report'Related to the Operation of South1

Texas Units 1 and 2," USNRC.

*L 2. NUREG 0948, "Special Inspection Report of Quadrex Corporation Report on ",

Design Review of Brown & Root Engmeeting Work for South Texas Project,
'

o -

-Units 1 and i," USNRC, January 1983.' .

i ,

~

i1 .

A.k L3. NUREG 1171, " Final Environmental Statement Related to the Operation of
- South Texas Project, Units I at.d 2," USNRC, August 1986.

'4. NUREG-1305, " Technical Specifications for South Texas Project, Unit 1 ",: ,

- USNRC. - ?#

~

5. NUREG-1306, 'NRC Safety Significance Assessment Team Re? ort on
i Allegations Related to the South Texas Project, Units 1 and 2," USNRC,
| . March 1988.
|

B 7 0. . ST. LUCIE l AND 2
L
K .l. NUREG 0635, " Generic Evaluation of Feedwater Transients and Small Break |

| Loss of Coolant Accidents in Combustion Engineering Designed Operating i
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4. : bats,''' Appendix X.7, "St. Lucie Unit I- Auxiliary' Feedwater System,"
.

'
-

. JSNRC, January 1980.4 ; ;

[ 2. . NUREG-0842, " Environmental Statement Related to the Operation of St. Lucie
'

Plant, Unit No. 2," USNRC Office of Nuclear Reactor Regulation, April 1982.

3. NUREG-0843; Safety Evaluation Report Related to the Operation of St. Lucie '

- Plant,. Unit No. 2," USNRC Office of Nuclear Reactor Regulation, October,

1981. '

1 14. NUREG 0949, " Technical Specifications for St. Lucie Plant Unit No. 2,"-
W USNRC Office of Nuclear Reactor Regulation, April 1983. .;

e
5. NUREG/CR-2749, Volume 10, " Socioeconomic Impacts of Nuclear- '

-

. Generating Stations: Saint Lucie Case Study," Mountain West Research,Inc.,
July 1982 -

6. NUREG/CR-4710," Shutdown Decay Heat Reraoval Analysis of a Combustion 3
Engineering 2-Imop Pressurized Water Reactor - Case Study," Sandia National 1,' Laboratories, August 1987 (case study performed on St. Lucie).' }

'

77 EPRI NP-2706, " Secondary Water Chemistry Control at St. Lucie No.1," '

NWT Corporation, October 1982. ,

B 71. ' . SURRY 1 AND. 2:

.- I-

1.1 WASH.1400, " Reactor Safety Study - An Assessment of Accident Risks m !g

U.S. Commercial Nuclear Power _ Plants," USNRC, October 1975 (PWR case
" study based on Surry).

2. NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break
. Loss af Coolant Accidents in Westinghouse-Designed Operating Plants."
Appendix X.17, "Surry 1 and 2 Auxiliary Feedwater System",: USNRC, 4

: January 1980.
'

'

3. : NUREG.0692, " Final Environmental Statement Related to Steam Generator
,

Repair at Surry Power Station, Unit No.1," USNRC Office of Nuclear Reactor
;

Regulation, July 1980. i
.

14. 'NUREG/CR-2749, Vol. I1, " Socioeconomic Impacts of Nuclear Generating,g
Stations: Surry Case. Study," Social Impact Research, Inc., Mountain West -

, "7} Research, Inc., July 1982.
"

4 1

5. NUREG/CR-2750, " Socioeconomic Impacts of Nuclear Generating Stations - -

Summary Report on the NRC Post-Licensing Studies," Mountain West
* Research. Inc., July 1982.
n ,

' 6. NUREG/CR-2965, " Copper in the intake and Discharge Zones of the Surry i
and Salem Nuclear Power Station," Lawrence Livermore National Laboratory,
May 1983. >

-7. NUREG/CR-3094, " Secondary Side Photographic Techniques Used in
,

9' Characterization of Surry Steam Generator," Battelle Memorial Institute, Pacific
a Nonhwest Laboratory, October 1984.

,
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8. NUREG/CR-4550, Vol. 3, ." Analysis of Core Damage Frequency From ,

Internal Events: E Surry, Unit 1," Sandia National Laboratories, November . q
1986. i

.
..

9. NUREG/CR-4551, Vol.1 (Draft)," Evaluation of Severe Accident Risks and '|
the Potential for Risk Reduction: Surry Power Station, Unit l=- uraft for
Comment," Sandia National Laboratorles, February.1987. ]

"10. NUREG/CR-4700, Vol.1 (Draft)," Containment Event Analysis for Postulated'

Severe Accidents: Surry Power Station, Unit 1 - Draft Report for Comment," ~
Sandia National Laboratories, February 1P37.

I1. .NUREG/CR-5214," Analyses of Natur u Gculation During a Surry Station'
Blackout Using SCDAP/RELAF5," EGAG Idaho, Inc., October 1988,

.

12.- EPRI NP-3037, "Cond , sate Polishing at Surry Nuclear Power Station," NWT- q

Corporation, June 1983.
'

j

+ 13.'~ EPRI NP-4096,'"Surry Source Term and Consequence Analysis," Science
Applicatiens Intemational Corporation, June 1985. .|

14. EPRI NP-5462 " Fracture Mechanics Evaluation of Feedwater Line Failure at ,

' Surry-2," Novetech Corporation, October 1987.- ;s

15. EPRI NP 5289P, "PWR Pilot Plant Life Extension Study at Surry Unit 1:
E Phase 1," Virginia Electric and Power Company, Grove Engineering, Inc.,

Westinghouse Electric Corporation, Stone & Webster Engineering Corporation, . *

Temple, Barker & Sloane, Inc., July 1987. .
,

,
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B72r U SUSQUEHANNA 1 &c2 ]
~

't. NUREG-0546, " Final Environmental-Statement Related to the Operation'of j
Susquehanna Steam Electric Station, Units 1 and 2,".USNRC, June 1981. . H

' '
2. : NUREG-0776, " Safety Evaluatio.i Report Related to the Operation-of -

. Susquehanna Steam Electric Station, Units 1 and 2," USNRC Office of Nuclear
ReactorRegulation, April 1981.

<

L . 3.1NUREG 0931,~ " Technical Specifications for Susquehanna Steam Electric
Station, Unit No.1," USNRC Office of Nuclear Reactor Regulation,-July

' j
-

1982.

4. NUREG-1042,~" Technical Specifications for Susquehanna Steam Electric
Station, Unit No. 2," USNRC Division of Licensing, March 1984.

-B73| THREE MILE ISLAND 1 i

| 1. NUREG 0552, " Final Environmental Impact Statement Related to Operation of
the Three Mile Island Nuclear Station, Units 1 and 2," USNRC Office of,

h Nuclear Reactor Regulation, December 1972.
!c

-

2. NUREG-0680, "TMI-l Restart - Evaluation of Licensees Compliance with the
'Short- and Long Term items of Section II of the NRC Order Dated August 9,
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1979," USNRC, June 1980 with Supplement 1. November 1980; Supplement,

2, March 1981; and Supplement 3,' April 1981.
_

. ,

3. NUREG-0680, Su)plement 4 "TMI l Restart - An Evaluation of the RHR,
: BETA, and Draft ::NPO Repons as they Affect Restan Issues at Three Mile .
Island Nuclear Station, Unit 1," USNRC, October 1983.

(

4. NUREG-0680, Supplement 5, "TMI 1. Restart An Evaluation of the
. Licensee's Management Integrity as it Affects Restart of Three Mile Island, Unit
c 1," USNRC, July 1984.

5. NUREG-0752, " Control Room Design Review Report for TMI-1," USNRC
Office of Nuclear Reactor Regulation, December 1980.,

~ 6. NUREG-1019, " Safety Evaluation Report Related to Steam Generator Tube
f Repair and Re' urn to Operation, Three Mile Island Nuclear Station, Unit No.

1," USNRC,| Mcvember 1983,

w 7. ' NUREG-1020,'"GPU vs. B&W Lawsuit Review and i.s Effect on TMI-1,"
USNRC, June 1984.

,
,

' 80 NUREG/CP 0026, " Workshop on Psychological Stress Associated with the
"

I; - Proposed Restart of Three Mile Island, Unit 1," Mitre Corp., April 1982.

9. NUREG/CR-2655, " Evaluation of the Prompt Alerting Systems at Four
Nuclear Power Stations," Bolt, Peranck & Newman, Inc., September 1982.

10. NUREG/CR 2749,; Volume 12, " Socioeconomic Impacts of Nuclear
Generating Stations: Three Mile Island Case Study," Social Impact Research,
Inc., July 1982i 4

' '
B74. TROIAN.

1. NUREG 06: 1. " Generic Evaluatioa of Feedwater Transients and Small Break
R. ' Loss of Coolrnt Accidents in Westinghouse-Designed Operating Plants,"

Appendix :X.18," Trojan Auxiliary Feedwater (AFW) System" USNRC,
January 1980.

;

' 2. NUREG/CR-0973, rdocial and Economic Impacts of the Trojan Naclear Power''

Plant - a Confirmatory Technology Assessment," University of Washington,
July 1979.- .

'

: 3. USNRC Inspection and Enforcement Bulletin No. 74-12, " Incorrect Coils in
Ju Westingbouse Type SG Rdays at Trojan," 1974.

# . B75. TURXEY POINT 3 AND 4

1. NUREG-0611, " Generic Evaluation of Feedwater Transients and Smt.ll Break
- Loss of Coolant Accidents in-Westinghouse-Designed Operating Plants,"

-

Appendix X.19,1" Turkey Point 3 and 4 Auxiliary Feedwater System",
USNRC, January 1980.

m
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2.1 NUREG-0743,0" Final Environmental Statement Related to Steam Generator |
*

Repair at Turkey Point Plant, Units 3 and 4," USNRC Office of Nuclear
= Reactor Regulation, March 1981. - *

L 3. NUREG-0756, " Safety Evaluation Report Related to Steam Generator Repair at i
" Turkey Point Plant,- Units 3 and -4,". USNRC' Office of Nuclear Reactor- '

Regulation, December 1980. ;

@> 4. , NUREG/CR 1629, "In. Plant Source Term Measurements at Turkey Point. !
Station - Units 3 and 4," EG&G Idaho, Allied Chemical Corp., September ~ t

1980. *

L 4

5. NUREG/CR-4762, " Shutdown Decay Heat Removal Analysis of a : i
Westinghouse 3 Loop Pressurized Water Reactor," Sandia National ;

?, Laboratories, March 1987 (case study based on Turkey Point plant). -i
!

} 6. EPRI NP-4271, " Application of Reliability t Units 3 and 4,"Ims Alamos
Centered Maintenance to

i Ccmponent Cooling Water System at Turkey Poinj Technical Associates,Inc., October 1985.

f H76. . VERMONT- YANKEE

n 1. ' NUREG/CR-5048," Review of the Natural Circulation Effect in the Vermont
L Yankee Spent Fuel Pool," Battelle Memorial Institute, Pacific Northwest

Laboratory, January 1988.
' ' '

2. EPRI NP-4169, "Effect of Feedwater Oxygen Control at the Vermont -Yankee

p| ,
BWR," NWT Corporation, July 1985.

|

L' B 7 7. - VIRGIL C. SUMMER
'

/ 1. NUREG-0717, " Safety Evaluation Report Related to Operation of Virgil C.;

-Summer Nuclear Station, Unit No.= 1," USNRC Office of Nuclear Reactor
,

Regulation, February 1981.
'

.. 2. ' NUREG-0719,;" Final Environmental Statement Related to the Operation of t
' '

" Virgil C. Summer Nuclear Station Unit No.1," USNRC Office of Nuclear-
4 Reactor Regulation, May 1981.

3. NUREG/CR-1870, "V. C. Summer Nuclear -Station Unit 1 Emergency '
'

a
Feedwater System Reliability Study Evaluation," Sandia National Laboratones,-

; June 1981.
,

B 7 8.- VOGTLE 1 AND 2
'

..

'

l. NUREG-1087, " Final Environmental Statement Related to the Operation of '

' - Vogtle Electric Generating Plant, Units 1 and 2," USNRCLDivision' of>

Licensing, March 1985. -

2. NUREG-1137, " Safety Evaluation Report Related to the Operation of Vogtle
'

,

Electric Generating Plant, Units I and 2," USNRC Division of Licensing, June, .

1985.
,
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P 3. NUREO 1237," Technical Specifications for Vogtle Electric Generatin g Plant,.
. -Unit 1," USNRC Division of Pressurized Water Reactor Licensing, . anuary:

1987.<

4. NUREG 1247, " Technical Specifications for Vogtle Electric Generating Plant, <
Unit 1,".USNRC Division of Pressurized Water Reactor Licensing, March .
1987.-

' 5. NUREG 1278, "Vogtle Unit 1 Readiness Review; Assessment of Georj;ia :
- Power Com1any Readiness Review Pilot Program," USNRC Division of
Licensee Per'ormance & Quality Evaluation, September 1987.

6. NUREG-1343, " Technical Specitications for Vogtle Electric Generathg Plant,-
Units 1 and 2," 'USNRC Division of Reactor Projects, February 1989.

7. NUREG-1359, " Technical Specificat ons for Vogtle Electric Generating Plant -i

- Units 1 and 2," USNRC Division of Reactor Projects, March 1989.

J 8. NUREG/CR 4228," Review of the V' Jtle Units 1 and 2 Auxiliary Feedwater>

~ System Reliability Analysis," Brookhaven National Laboratory, October 1985.

B79. WATERFORD 3

1. NUREG/CR-2219 . "Waterford Steam Electric Station. Unit 3 Auxiliary
Feedwater System Reliability Study Evaluation," September 1981.

y B80. WATTS BAR 1 AND 2

-1. NUREG-0847 " Safety Evaluation Report Related to the Operation of the Watts
Bar Nuclear Plant, Units 1 and 2," USNRC Office of Nuclear Reactor

' Regulation, June 1982.

~ 2. ' NUREG/CR-2489, " Evaluation of the Buckling Stress Criteria' for Steel
Containment of the Watts Bar Nuclear Reactor," International Structural-
Engineers, Inc., December 1982.1

$ 37 NUREG/CR-2880, " Acoustic Emission Monitorag of ASME Section III '
Hydrostatic Test - Watts Bar Unit 1 Nuclear Reactor," Battelle Memorial.
Institute, Pacific Northwest Laboratory, October 1982.

4. NUREG/CR-3693," Acoustic Emission Monitoring of Hot FunctionalTesting - J
Watts'Bar- Unit 1 Nuclear Reactor," Battelle Memorial Institute, Pacific-
Northwest Laboratory, June 1984. j

-

- 5. NUREG/CR-3724,." Ultimate Strength Analyses of the Watts Bar, Malne ,

Yankee, and Bellefonte Containments," Sandia National Laboratories, July -)
".

1984.,

6. NUREG/CR-5144," Acoustic Emission System Calibration at Watts Bar Unit 1
Nuclear Reactor," Battelle Memorial Institute, Pacific Northwest Laboratory,
August 1988. ;

:
i

B37 3S0
,

_



_ _ _ _ _ _ _

P

a,

|
,

*
,

.

7. 'UCID 19707, " Preliminary Systems Interaction Results From the Dig ph
Matrix- Analysis of the Watts Bar Nuclear Power Plant Safety Inject on:

y. = Systems," Lawrence Livermore National Laboratory, June 1983.
,

:B81. WNP 2

- 1. NUREG-0812. " Final Environmental Statement Related to the Operation of,

WPPSS Nuclear Project No. 2," USNRC, December 1981.-

- 2. NUREG-0892, " Safety Evaluation Report Related to the Operation of WPPSS
Nuclear Project No. 2," USNRC, March 1982.

3.- NUREG 1009, " Technical Specifications for WPPSS Project No. 2," USNRC
Division of Licensing, December 1983.

4. NUREG/CR 2836, Volume 1, Part 2, " Buckling of Steel Containment Shells,
Task Ib, Washington Public Power Supply Systems Plant No. 2 Containment
Vessel," Lockheed Palo Alto Research Laboratory, December 1982.

B82; WOLF CREEK

1. NUREG-0081, " Safety Evaluation Report Related to the Operation of Wolf
Creek Generating Station," USNRC, June 1985.

2. NUREG 1136, " Technical Specifications for Wolf Creek Generating Station,
Unit 1," USNRC Division of Licensing, June 1985..

3.. NUREG/CR-2458, "SNUPPS Auxiliary Feedwater Syste'm Reliability Study
Evaluation," Sandia National Laboratories, January 1982.

' 4. "SNUPPS - The Multiple Utility Standardization Project," Nuclear Engineering
International. November 1975, pp 935 to 949.

" 8 3. . YANKEE ROWE

1, . NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break
LLoss 'of Coolant Accidents in Westinghouse-Designed Operating Plants,"
Appendix X.20 " Yankee Rowe 2 Auxiliary Feedwater System," USNRC,

.-January,1980.

2, NUREG-0825, " Integrated Plant Safety Assessment Systematic Evaluation-
L Program, Yankee Nuclear Power Station," USNRC, Division of Licensing, ..y

7 October 1987 (Supplement D.

3. NUREG/CR-4589, " Review of Selected Ares of Yankee Rowe Probabilistic
Safety Study," Brookhaven National Laboratory, June 1986.,

4. " Yankee Atomic Electric," Nuclear Engineering International, October 1960, pp
466 to 476.

5. "YNPS Probabi!;stic Safety Study," Yankee Atomic Electric Company,
December 1982.
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*

1. NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break
Loss of Coolant Accidents in Westinghouse-Designed Operating Plants,".# *

Appendix X.21, " Zion 1 and 2 Auxiliary Feedwater System," USNRC,
,

January 1980.

2. NUREG-0850, " Preliminary Assessment of Core Melt Accidents at the Zion
-and Indian Point Nuclear Powet Plants, and Strategies for Mitigating Their->e,

Effects," USNRC, November 1981.N -

3. NUREG/CR 0715, "In Plant Source Term Measurements at Zion Station,"
EG&G Idaho, Inc., March 1979.

, _

4. NUREG/CR 0755, . Gamma Dose Measurements at Zion and Fort Calhoun
Station," EG&G Idaho, Inc., April 1979.

5. WUREG/CR-1410," Report of the Zion / Indian Point Study," Sandia National
Laboratories, August 1980.

6. NUREG/CR-1411 Vols.1 and 2, " Report of the Zion / Indian Point Study," Los
1: - Alamos National Laboratory, September 1980 (Vol.1) and July 1980 (Vol. 2).

7. NUREG/CR-1703, " Preliminary Failure Mode Predictions for the SSMRP
Reference Plant.(Zion 1), Seismic Safety Margins Research Program,"'

Lawrence Livermore National Laboratory, March 1981.

8. (NUREG/CR-1704, " Potential. Seismic Structural Failure Modes. Associated
with the Zion Nuclear Plant," Lawrence Livermore National Laboratory, March
1981.

9. -NUREG/CR-1988, " Analysis of a Hypothetical Core Meltdown Accident
: Initiated by Loss of Offsite Power for the Zion 1 Pressurized Water Reactor,"
Sandia National Laboratories, November 1981.

10. NUREG/CR-1989," Analysis of Hypothetical Severe Core Damage Accidents
for Zion Pressurized Water Reactor," Sandia National Laboratories, December
1982.

11. NUREG/CR-2189, Vol. 4, " Probability of Pipe Fracture in the Primary
Coolant Loop of a PWR Plant," Lawro ::e Livermore Laboratory, September
'1981 (case study performed on Zion).

E 12. NUREG/CR-2214, " Probability of Containment Failure Due to Steam
Explosions Following a Postulated Core Meltdown in an LWR," Sandia
National Laboratories, September 1981 (case study based on Zion).*

13. NUREG/CR-2228," Containment Response During Degraded Core Accidents
Initiated by Transients and Small Break LOCA in the Zion / Indian Point Reactor
Plants," Brookhaven National Laboratory, July 1981.

e
$ 14. NUREG/CR-2320," Seismic Structural Fragility Investigation for Zion Nuclear

Power Plant, Seismic Safety Margins Research Program (Phase 1)," Lawrence
Livermore National Laboratory, October 1981.

i B39- 3/90

L . . . . _



. _ _ . _ . .

'G

,y
,

: t

15.' NUREG/CR 2385, "CSQ Calculations of Hydrogen Detonations in the Zion
and Sequoyah Nuclear Plants," Sandia National Laboratories, September 1982.

' ~

- 16. NUREG/CR-2569, " Response of the Zion and In'dian Point Containment
Buildings to Severe Accident Pressures," Los Alamos National Laboratory,
May 1982.s

17. NUREG/CR 2656, " Loss-of Feedwater Transients for the Zion-1 Pressurized
Water Reactor," Los Alamos National Laboratory, July .1982.-

18. NUREG/CR-2888, " Operator Action Event Trees for the Zion 1 Pressurized
Water Reactor," EG&G Idaho, Inc., October 1982,

19. NUREG/CR-3300, " Review and Evaluation of the Zion Probabilistic Safety
Stt:dy: Plant Analysis," Sandia National Laboratories, May 1984.

20. NUREG/CR-3428,."Apalication'of the SSMRP Methodology to the Seismic
Risk at the Zion Nuc, car Power Plant," Lawrence Livermore National
. Laboratory, January 1984.

21. NUREG/CR-4550, Vol. 7 " Analysis'of Core Damage Frequency from Intemal
' Initiating Events: Zion Power Plant." Sandia National Laboratories,1987
(Draft),-

.- 22; NUREG/CR-4551, Vol. 5, " Evaluation of Severe Accident Risks and the -
Potential for Risk Reduction: - Zion Power Plant," Brookhaven National.

- Laboratory,'1987 (Draft).

23. - USNRC Inspection and Enforcement Bulletin No. 74-11, " Improper Wiring of
Safety Injection Imgic at Zion 1 and 2," 1974.

'

24.- NSAC084, " Zion Nuclear Plant Residual Heat Removal PRA," Pickani,lowe
and Garrick, Inc., July 1985,

25. " Zion Probabilistic Safety Study," Commonwealth Edison Company of
Chicago, September 1981.
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This appendix is a bibliography of nuclear power plant system references,h

The' references are organized in the following general categones:
,

'
Reactor plant systems, general--

Reactor and reactivity control systems-

Reactor coolant system and connected systems --

Engineered safety feature (ESP) core cooling systems --

Containment systems-

Instrumentation and control systems-

Electric power systerns-

Auxiliary systems
Steam and power conversion system .-

The complete organization of this bibliography is listed in the Table of Contents. Three ''

other bibliographies provide additional references as follows:
. .

Appendix A: Bibliography of general PWR and BWR references-

Appendix B: Bibliography of plant-specific references-

Appendix D: Bibliography of nuclear power plant component references-

C2. REACTOR PLANT SYSTEMS, GENERAL i

1. NUREG-ll74,1" Evaluation of Systems Interactions in Nuclear Power
Plants," USNRC Division of Safety issue Resolution, May 1989.

2. NUREG/CR-2069 R, ORNIJNSIC-181/R1, " Summary Report on Survey of .

1Light-Water Reactor Safety Systems," Oak Ridge National Laboratory, April
1983. .

1

; 3. NUREG/CR 3922, Volumes 1 and 2, " Survey and Evaluation of System
Interaction Events and Sources," Oak Ridge National Laboratories, JBF 1

:
,

Associates, January 1985 (Vol.1 & 2).L

L

L
4._ NUREG/CR-4261, " Assessment of System Interaction Experience in Nuclear j

! Power Plants," Oak Ridge National Laboratory, June 1986. j
C3. - REACTOR AND REACTIVITY CONTROL SYSTEMS

" ' C3.1 REACTOR CORE AND FUEL ia

1. NUREG-0085,"The Analysis of Fuel Densification," USNRC, July 1976. ,|f, '

.q

'2. NUREG-0303,'" Evaluation of the Behavior of Water Logged Fuel Rod ]
Failures in LWR's," March 1978.

3.~ NUREG-0401, " Fuel Failure Detection in Operating Reactors," USNRC, ;

March 1978.

4. NUREG/CR-4080, " Determination of the Availability of Core Exit-
Thermocouples During Severe Accident Situations," EG&G Idaho, Inc.,
September,1985.
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5. - NUREG/CR-4394, " Rod Bundle Film Boiling and Steam Cooling Data Base
and Correlation Evaluation,"_ Oak Ridge National Laboratory, August 1986.

*

-

6. USNRC Generic Letter 85-06, " Quality Assurance Guidance for ATWS
Equipment %at is not Safety Related," April 1985.-

. - 7. USNRC Inspection and Enforcement Bulletin No. 88 07 and Supplement 1,
" Power Oscillations in BWRs," 1988.

C3.2 - LWR REACTIVITY CONTROL SYSTEMS, GENERAL.

1. NUREG 0641, " Control Rod Guide Tube Wear in Operating Reactors '-
Operating Experience Report," USNRC, April 1980.

1

2. NUREG/CR 1331, " Data Summaries of Licensee Event Reports of Control
Rods and Drive Mechanisms at U.S. Come aial Nuclear Power Plants From
January 1,1972, to April 30,1978," EG&1 ' abo, Inc., February 1980.

3. NUREG/CR-4401, " Behavior of Control Rods During Core Degradation:
Pressurization of Silver Indium Cadmium Control Rods," Sandia National
Laboratories, November 1985.

4. NUREG/CR-4876, " Silver-Indium Cadmium Control Rod Behavior and>

Aerosol Fonnation in Severe Reactor Accidents," EG&G Idaho,Inc., April
1987.

5. NUREG/CR-4963, " Boron Carbide - Steam Reactions with Cesium.
Hydroxide and with Cesium Iodide at 1270K in an Inconel 600 System,"
Sandia National Laboratories, August 1987.

6. USNRC Generic Letter 81-24, "MPI B 56,-Control Rods Fail to Fully
Insert," 1981.

-7. ALO 78, " Component Failures That Lead to Reactor Scram," Science
. Applications Intemational Corporation," April 1980.

C3.3 'PWR REACTIVITY CONTROL SYSTEMS

1. USNRC| Generic Letter 83-28, " Required Actions Based on Generic i

Implications of Salem ATWS Events," July _1983.

' 2. USNRC Generic Letter 85-05, '7 (vertent Boron Dilution Events," January
'1985. >

3. USNRC Generic Letter 85-09, " Technical Specifications for Generic Letter
( 83-28, Item 4.3," May 1985. j

4. USNRC Generic Letter 85-10, " Technical Specifications for Generic Letter
83 28, Item 4.3 and 4.4," May 1985. q

5. USNRC Generic Letter 85-16, "High Boron Concentrations," August 1985.

6. USNRC Inspection and Enforcement Bulletin No. 71-2, " Performance of
Reactor Scram Circuit Breakers at PWR's," 1971.

.
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4- 7. USNRC Inspection and Enforcement Bulletin No. 83-01," Failure of Reactor -

Trip Breakers (Westinghouse DB 50) to Open on' Automatic Trip Signal, . 3

February 1983. y
'

- 8. USNRC Inspection and Enforcement Bulletin No. 83 04, " Failure of the
Undervoltage Trip Function of Reactor Trip Breakers," March 1983.

9. USNRC inspection and Enforcement Bulletin No. 85-02, "Undervoltage Trip --
Attachments of Westinghouse DB 50 Type Reactor Trip Breakers,"' ]
November 1985.

C 3. 4, BWR REACTIVITY CONTROL SYSTEMS .

1. NUREG-0312 " Interim Technical Report on BWR Feedwater and Control ,

Rod Driver Retum Line Nozzle Cracking," USNRC, July 1977.
,

2. NUREG M79, " Report on BWR Control Rod Drive Mechanical Failures - . *

Technical Activity B-48," USNRC, January 1979.
J

.<EG-0619, "BWR Feedwater Nozzle and Control Rod Drive Return LineU

nozzle Cracking," USNRC,1980.

4. NUREG 0785, Draft, " Safety Concerns Associated with Pipe Breaks in the .

BWR Scram System," USNRC, March 1981. ,

o
5. NUREG 0803, " Generic Safety Evaluation Report Regarding Integrity of

BWR Scram System Piping," USNRC Division of Licensing, August 1981.
'

J6. USNRC Generic Lettero 81-18. "BWR Scram Discharge, Diverse
Instrumentation Requirement," 1981.

7. USNRC Generic Letter 81-09, "BWR Scram Discharge System," 198L

8. USNRC Generic Letter 81-20, " Safety Concerns - Pipe Breaks in BWR - s

Scram System," 1981, q

L 9. USNRC Generic Letter 81-26, " Safety Concerns - Pipe Brzaks in BWR
L Scram System," 1981. ];

!

10. USNRC Generic Letter 81-30, " Safety Concerns - Pipe Breaks in BWR
Scram System," 1981.

g.

I1. USNRC Generic Letter 8134, " Safety Concerns - Pipe Breaks in BWR !

Scram System," 1981.
.

8

n

| 12. USNRC Generic Letter 81-35, " Safety Concerns - Pipe Breaks in BWR :

| = Scram System," 1981,

13. USNRC Generic Letter 86-01, " Safety' Concerns Associated with Pipe
'

Breaks in the BWR Scram System," January 1986.

14. USNRC Inspection and Enforcement Bulletin No. 73-5, " Manufacturing >

Defects in Boiling Water Reactor Control Rods," 1973.

C3 3/90

_ _ _ _ _ _ _ _

-



,

/1

7 .,.;

-

l'5. USNRC Inspection and Enforcement Bulletin. No L 73-6,~ " Inadvertent" '

Criticality in a Boiling Water Reactor," 1973. .

16. USNRC Inspection and Enforcement Bulletin No. 79 26, " Boron Loss from
BWR Control Blades," August 1980,

17. USNRC Inspection and Enforcement Bulletin No. 80-14, " Degradation of
BWR Scram Discharge Volume Capability," June 1980.

~ l8. Hagen, E. W. editor, " Operation and Safety Concerns of the BWR Scram.

System," Nuclear Safety, Vol. 23, No. 2, March - April 1982.

C4. REACTOR COOLANT SYSTEM AND CONNECTED ' SYSTEMS

C 4.1. LWR REACTOR COOLANT SYSTEM, GENERAL

1. NUREG-0726," Preliminary Analysis of the Effect of Fatigue Loading and
Crack Propagation on Crack Acceptance Criteria for Nuclear Power Plant

- Components," USNRC Office of Standards Development, April 1981.

2. NUREG-0986, "RCSLKB: Reactor Coolant. System Leak Rate
Determination for PWRs, User's Guide," USNRC Division of Emergency
Preparedness, June 1983. .

.

3. NUREG/CR-0524, " Characteristics and Performance Experience of Loose-
Part Monitoring Systems in U.S. Commercial Power Reactors," Oak Ridge

'

National Laboratory, March 1979.

4. .NUREG/CR-3228 (Series), " Structural Integrity of Water Reactor Pressure
Boundary Components," Materials Engineenng Associates, Inc., July 1987. -

5. -NUREG/CR 3267, " Similarity Analysis and Scaling Criteria for LWR's
Under Single-Phnse and Two-Phase Natural Circulation," Argonne National
Laboratory, May 1983.

6. NUREG/CR-4813, " Assessment of Leak Detection Systems for LWRs,"
Argonne National Laboratory, October 1988.

7. NUREG/CR-5186,"Value/ Impact Analysis of Generic Issue 94: Additional
> 14w Temperature Overpressure Protection for Light Water Reactors," Battelle
. Memorial Irstitute, Pacific Northwest Laboratory, November 1988.

8. USNRC Generic Letter 81-21, " Natural Circulation Cooldown," 1981.

9. USNRC Generic Letter 86-02, " Technical Resolution of Generic Issue B-19-
Thermal Hydraulic Stability," January 1986.

10. USNRC Inspection and Enforcement Bulletin No. 88-08 and Supplements 1,
2, and 3, " Thermal Stresses in Piping Connected to RCS," 1988.
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C 4,2 ' .PWR REACTOR' COOLANT SYSTEM*

!1. NURE'G-0609.."Assymmetric Blowdown Loads on PWR Primary Systems,"
USNRC, January 1981.

,

2. NUREG/CR-0325, " Relevance of Fatigue to Cold Leg Piping," Battelle
Columbus Laboratory, September 1978. - |

_

|3. NUREG/CR-2189, Volumes 1 to 9, " Probability of Pipe Fracture in the-

Primary Coolant Loop of a PWR," Lawrence Livermore National Laboratory, |
1981.

4. NUREG/CR-4389, " Pressure Noise in Pressurized Water Reactors," Oak J

Ridge National Laboratory, December 1985.

5. NUREG/CR-4488, " Venting of Noncondensible Gas From the U )per Head i

of a B&W Reactor Vessel Using Hot Leg U-Bend Valves," EG&G Idaho, 1
."

Inc., March 1986. ;

6. NUREG/CR-5074, " Development of a Phenomena Identification and ;

Ranking Table (PIRT) for Thermal Hydraulic Phenomena During a PWR
Large-Break LOCA," EG&G Idaho, Inc., November 1988. |

7. ' NUREG/CR-5102, " Interfacing Systems LOCA: Pressurized' Water |

Reactors," Brookhaven National Laboratory, February 1989.' -

'

8. NUREG/CR-5135, "The Thermal Hydraulics of SBLOCAs Relative to
Pressurized Thermal Shock," University of Santa Barbara, California,
Science Applications International Corporation, October 1988.

9. USNRC Generic Letter 84-04,~ " Safety Evaluation of Westinghouse Topical j

Reports Dealing With Elimination of Postulated Pipe Breaks in PWR Primary j

Main Loops," February 1984. [

10. USNRC Generic Letter 8512,' " Implementation of TMI' Action Item

L.
II.K.3.5,' Automatic Trip of Reactor Coolant Pumps'," June 1985. |

11. USNRC Inspection and Enforcement Bulletin No,8811, " Pressurizer Surge r
,

-. Line Thermal Stratification," 1988.
,

12. EPRI NP-5039,," Reactor Coolant Pump Trip Criteria and Traasient'
;-

Identification Technique for PWRs," EG&G Idaho, Inc., February 1987.'
,

13. EPRI NP-5144, " Water Retention in Primary Coolant Systets:, of PWRs!
,

L During Severe Accidents," Science Applications International Corp., May |
1987.

L C4.3 BWR REACTOR COOLANT SYSTEM . ,

'
-

l. NUREG 1169, " Technical Findings Related to Generic Issue C-8; Boiling
4Water Reactor Main Steam Isolation Valve Leakage and Leakage Treatment

Methods," USNRC Division of. Boiling Water Reactor (BWR) Licensing,
!

August 1986.

;
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2; NUREGICR-4494,'" Radiological Assessment of BWR Recirculation Pipea
Replacement," Battelle Memorial Institute, Pacific Northwest Laboratories,
February 1986.

3. -_ NUREG/CR-4602, " Uniqueness of Boiling Water Reactor Primary Water
Chemistry," Fox Consulting Engineers & Geologists, May 1986.

4. NUREG/CR-4792, Volumes 1 and 2, " Probability of Failure in BWR-
- Reactor Coolant Piping," Lawrence Livermore National Laboratory, March
1989 (Vol. I and 2).,

5. NUREG/CR-5112, " Evaluation of Boiling Water Reactor Water-Level
"- - Sensing Line Break and Single Failure," EG&G Idaho, Inc., March 1989.

6. NUREG/CR 5124, " Interfacing Systems LOCA: Boiling Water Reactors,"
Brookhaven National Laboratory, February 1989.

7. USNRC Inspection and Enforcement Bulletin No. 80-07 and Supplement 1,
"BWR Jet Pump Assembly Failure," 1980.

8. USNRC Inspection and Enforcement Bulletis No. 82 03, Revision 1, " Stress
Cracking in nick Wall Large Diameter Stainless Steel Recirculation System

. Piping at BWR Plants," 1982.

9. USNRC Inspection and Enforcement Bulletin No. 83 02, '' Stress Corrosion
Cracking in Large Diameter Stainless Steel Recirculation System Piping at
BWR Plants," 1983.-

:

10. - UCID-20397, " Assessment of Value-Impact Associated with Elimination of
Postulated Pipe Ruptures from the Design Basis for Nuclear Power Plants,"
Lawrence Livermore National Laboratory, March 29,1985.,

11. EPRI NP 3376, Volumes 1 and 2, " Equipment for Remote Repair of BWR
Recirculation IAop Stainless Steel Pipmg," Battelle Columbus Laboratories,.

November 1983 (Vol. I and 2).

: C4.4 SHUTDOWN COOLING SYSTEMS

1. NUREG 1340," Regulatory Analysis for the Resolution of Generic Issue 99 -
Loss of RHR Capability in PWRs," USNRC Division of Safety Issue

: Resolution, February 1989.

2. NUREG/CR-2799, " Evaluation of Events Involving Decay Heat Removal
Systems in Nuclear Power Plants," Oak Ridge National Laboratory, July
1982.

3. NUREG/CR-2883, Volumes 1 to 3,." Study of the Value and Impact of
'

Alternative Decay Heat Removal Concepts for Light Water Reactors,'' Sandia
National Laboratories. June 1983 (Vols. I to 3).

4. NUREG/CR-3713, " Grouping of Light Water Reactors for Evaluation of
Decay Heat Removal Capability," Brookhaven National Laboratory, June
1984.
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5.- NUREG/CR-3933, " Risk Related Reliability Requirements for BWR Safety-4

: Important Systems With Emphasis on the Residual Heat Removal System",
Argonne National Laboratory, August 1984s

* 6. NUREG/CR-4005, "Closcout of IE Bulletin 80-12: Decay Heat Removal
System Operability," Parameter, Inc( June 1985.

7. NUREG/CR-4335, " Potential Benefits Obtained by Requiring Safety-Grade
Cold Shutdown Systems," Sandia National Laboratories, November 1985.

' 8.. NUREG/CR-4471, "Los Alames PWR Decay-Heat-Removal Studies
Summary Results and Conclusions," Los Alamos National ' Laboratory,
March 19536.

9. .NUREG/CR 5015 " Improved Reliability of Residual-Heat Removal, 1

Capability in.PWRs as Related to Resolution of Generic Issue 99,"
Brookhaven National Laboratory, May 1988.

10. NUREG/CR 5230, " Shutdown Decay Heat Removal Analysis: Plant Case -
Studies and Special Issues," Sandia National Laboratories, April 1989. -

11. -NUREG/CR 5268, " Aging Study of Boiling Water Reactor Residual Heat 1
Removal System," Brookhaven National Laboratory, June 1989. i

12. NUREG/CR-5293; " Closeout of IE Sulletin 86-01: Minimum Flow Logic -;

Problems That Could Disable Residual Heat Removal Pumps," Parameter, j
Inc., March 1989...

13. USNRC Inspection and Enforcement Bulletin No. 76-01, "BWR Isolation
.

Condenser Tube Failure," March 1976.

14.1USNRC Inspection and Enforcement Bulletin No. 80-12, " Decay Heat
- Removal System Operability," May 1980.

1:i. NSAC-052, " Residual Heat Removal Experience Review and Safety
Analysis: Pressurized Water Reactors," Nuclear Safety Analysis Center,
-January 1983.

16. NSAC-088, " Residual Heat Removal Experience Review and Safety 3

"

Analysis, Boiling Water Reacto:s," Final Report, March 1986.

C5. ENGINEERED SAFETY FEATURE (ESF) CORE COOLING !.

SYSTEMS |
1

C 5.1 EMERGENCY CORE COOLING SYSTEMS (ECCS)*

1. NUREG 0106, Volumes 1 and 2, "Reflood Heat Transfer in a Light Water i

Reactor," USNRC, August 1976.
|

2. NUREG 0297, " Safety Evaluation Report on . Westinghouse Electric
Company ECCS Evaluation Model for Plants Equipped with Upper Head ;

Injection," USNRC, May 1978. -|

3. NUREG 0573," Analysis of ECC Bypass Data," USNRC, July 1979.
|
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' ' , 4.ENUREG 0897,1" Containment Emergency Sump Performance, Technical i
Findin3s Related to Unresolved Safety issue A-43 " USNRC Division of - >

1

SafetyTechnology, April 1983; 1
'*

;

- 5. NUREG 1044, " Evaluation of the Need for a Rapid Depressurization |Capability for CE Plant," USNRC Division of Systems Integration, ;

Decemberi984.~
,

6. NUREG 1230, " Compendium of ECCS Research for Realistic LOCA-
Analysis,'? U SNRC Division of Systems Research, December 1988.;

.

7. NUREG/CR-0850, "ECC Bypass Scaling," Dartmouth College, June 1979.
i

- 8. NUREG/CR-1078,"An Investigation of the Distribution and Entrainment'of
ECC Water Injected into the Upper Plenum," Dartmouth College, January -

1980.
- ~

* ,9. NUREG/CR-1314, " Gravity Reflood Oscillations in a Pressurized Water
Reactor," Massachusetts Institute of Technology, February 1980.-

10. NUREG/CR-1470, " Calculations Conducted in Develop,ing an Audit
Ca ability for ECCS Analysis," Sandia National Laboratones, December -
19 1.

I1. NUREG/CR-1556, " Study of Alternate Decay Heat Removal Concepts for ;

Light Water Reactors - Current Systems and Proposed Options," Sandia '

National Laboratories, May 1981.

12. NUREG/CR-1713 " Upper Plenum Dump During Reflood," Massachusetts
Institute of Technology, October 1980.-

_

,

L

13. NUREG/CR-2229, Volumes 1 and 2, "BWR Large Break Simulation Tests - i
.

p BWR Blowdown / Emergency Core Cooling Program," General Electric
i Company, April 1982 (Volume 1), July 1982 (Volume 2).
;

-

,

' 14. NUREG/CR-2758,"A Parametric Study of Containment Emergency Sump ;

Performance," Sandia National Laboratories, July 1982,
s>

' '
.

| 15. NUREG/CR-2759, "A Parametric Study of Containment Emergency Sump
b Performance Results of Vertical Outlet Sump Tests," Sandia National
p Laboratories, October 1982,

p 16. NUREG/CR-2760, " Assessment of Scale Effects on Vortexing, Swirl, and
L Inlet Losses in Large Scale Sump Models," Alden Research Laboratory, June

1982.

17. NUREG/CR-2761, "Results of Votex Suppressor Tests, Single Outlet Sump-
' Tests, and Miscelldneous Sensitivity Tests,"'Alden Research Laboratory. -

Sandia National Laboratories, September 1982.
s

.

18. NUREG/CR-2883, Volumes 1 to 3, " Study of the Value and Impact of4
,

Alternative Decay Heat Removal Concepts for Light Water Reactors," Sandia *

National Laboratories, June 1983 (Vols. I to 3). ;
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19. NUREG/CR'-3140,'" Containment ' Sump Test _ Data," Sandia National-
- Laboratories, April 1983. ;

20. NUREG/CR-3223, "BWR Refill Reflood Program Final Report," General
* Electric Company, Electric Power Research Institute, September 1983.

, ,
,

-
' 21.. NUREG/CR 3394, " Volumes 1- and 2, "Probabilistic Assessment of *

Recirculation Sump Blockage Due to Loss of Coolant Accidents," Bums and*

''

- Roe Company, July 1983.
;

22. NUkEG/CR-3421, " Cost / Benefit Analysis of Adding a Feed and Bleed ,

Capability to Combustion Engineering Pressurized Water Reactors," Sandia4

7

- National Laboratories, October 1983.
>

23. NUREG/CR-3713, ." Grouping of Light Water Reactors for Evaluation ofn

Decay Heat Removal Capability," Brookhaven National Laboratory, June
1984. ;

,

24. NUREG/CR-3895, " Investigation of Cold 12g Water Hammer in a PWR Due .
to the Admission of ECC During a Small Break LOCA," Massachusetts .

Institute of Technology, September 1984. -
|
'

25. NUREG/CR-4412, "An Assessment of Safety Margins in Zircaloy Oxidation
and Embrittlement Criteria for ECCS Acceptance," Battelle Memorial
Institute, Pacific Northwest Laboratories, April 1986. .j

i26. NUREG/CR-4523 "Closcout ofIF Bulletin 80-13: Cracking in Core Spray
Spargers," Parameter, Inc., January 1988.

27. NUREG/CR-4549, " Determination of Appendix K Conservatisms for Large ,
Break LOCA' in Westinghouse PWR Using TRAC-PD2/ MODI Code,"
Brookhaven National Laboratory, April 1986.

j|28.~ NUREG/CR-4662,"Closcout ofIE Bulletin 80-18: Maintenance of Adequatet

Minimum Flow Thru Centrifugal Charging Pumps Following Secondary Side7
High Energy Line Rupture,'' Parameter Inc., January 1988. j

*

: 29. .NUREG/CR-5072, " Decay Heat Removal Using Feed-And-Bleed for U.S.
L Pressurized Water Reactors," EG&G Idaho, Inc., Idaho National Engineering
'i Laboratory, June 1988.

30. USNRC Inspection and Enforcement Bulletin No. 72-1, " Failed Hangers for -
Emergency Core Cooling System Suction Header," 1972.

31. USNRC Inspection and Enforcement Bulletin No. 77-04, " Calculational n'

- Error Affecting Design Performance of System for Controlling pH of.
Containment Sump Water Following LOCA," 1977.'

~

q

32. USNRC Inspection and Enforcement Bulletin No. 80 01, " Operability of !
IAutomatic Depressu-ization System Valve Pneumatic Supply," 1980.

33. USNRC Inspection and Enforcement Bulletin No. 80-13, " Cracking in Corei.

L Spray Spargers," 1980.
.
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34. USNRC Inspection and Enforcement Bulletin No. 85-01, " Steam Binding of ' ,

,

'i. Auxiliary Feedwater Pumps," October 1985.1

35. USNRC Inspection and Enforcement Bulletin No. 86-03, " Potential Failure 1*

.

.of Multiple ECCS Pumps Due to Single Failure of Air-Operated Valve in l*

. Minimum Flow Recirculation Line," 1986.
,

36. NSAC-053, " Reliability of BWR High Pressure Core Cooling," Mollerus- 4

M Engineering Corporation, August 1982. ;
.

37. NSAC-096, "Effect of Diesel Start Time on BWR/6 Peak Cladding-
'
,

- Temperature, Licensing. Basis Sensitivity Calculations," General ElectricL

Company, January 1986. ,

38.' NSAC-109, " Potential for Cost Savings in BWR/6 ECCS Equipment,"
General Electric Company, January 1987.

39. ORNL-NSIC-24, " Emergency Core Cooling Systems for Light Water Cooled ,

| Power Reactors", Oak Ridge National Laboratory, October 1968 !
; ,

L
-

,

C5.2 PWR AUXILIARY FEEDWATER SYSTEMS

|- 1. NUREG 0611, " Generic Evaluation of Feedwater Transients and Small q

| Break Loss of Coolant ' Accidents in Westinghouse-Designed Operating -
!. . Plants," Appendix III, " Auxiliary Feedwater Systems", USNRC, January
j .1980.

! 2. NUREG 0635, " Generic Evaluation of Feedwater Transients and Small .:
' Break Loss of Coolant Accidents in Combustion Engineering Designed *

' Operating Plants," Appendix III, " Auxiliary Feedwater Systems", USNRC,
January 1980.

3. NUREG-1154, " Loss of Main and Auxiliary Feedwater Event at the Davis .
- Besse Plant on June 9,1985," USNRC Office of the Executive Director for1
Operations, July 1985.

4. 'NUREG 1332, " Regulatory Analysis for the Resolution of Generic Issue.
125.11.7, Reevaluate Provision to Automatically Isolate Feedwater From

'

Steam Generator During a Line Break," USNRC Division of Safety Issue
| Resolution, September 1988.- (

'

'5. NUREG/CR-3271, UCRL-53050, " Seismic Qualification of PWR Plant
Auxiliary Feedwater Systems,'.' Lawrence Livermore National Laboratory,

.s
.- August 1983. dl

6. NUREG/CR-4597, Volumes 1 and 2, " Aging and Service Wear of Auxiliary |

Feedwater Pumps for PWR Nuclear Plants," Oak Ridge National Laboratory, t

. Energy Research & Consultants Corp., July 1986 (Vol 1), June 1988 (Vol ,

2).

7. USNRC Generic 1.etter 81-14," Seismic Qualification of Auxiliary Feedwater
Systems," 1981.
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8. Harris, J. D., "Cooldown Performance Capability of Atmospheric Steam -
'

Dump System," Nuclear Safetv, Vol. 24, No. 4, July _ August L983'
e 4

* 9. _ Harris, J. D., "Cooldown Performance Capability of Atmospheric Steam +

Dump System," Nuclear Safety, Vol. 24, No. 4, pp 471-to 484, July -
August 1983.

C6. CONTAINMENT SYSTEMS L

C 6.1 CONTAINMENT, GENERAL l
i
"

1. NUREG 1037, (Draft FC), " Containment Performance Working Group
,

~ Report," USNRC Division of Engineering, May 1985.

2. NUREG-1079, (Draft FC), " Estimates of Early Containment Failure From 5

Core Melt Accidents," USNRC Office of Nuclear Reactor Regulation, ,

December 1985.
#

3. NUREG-1116 "A Review of the Current Understanding of the Potential for
Containment Failure from In-Vessel Steam Explosions," USNRC Steam
Explosion Review Group, June 1985, a

-i

4. NUREG-1273, " Technical Findings and Regulatory Analysis for Generic ;

Safety Issue II.E.4.3, Containment Integrity Check," USNRC Division of ;o
Reactor & Plant Systems, April 1988.

'

5. NUREG/CR-1104, " Preliminary Analysis of the Containment Failure
Probability by Steam Explosions Following a Hypothetical Core Meltdown
in an LWR," Sandia National Laboratories, March 1980.

6. NUREO!CR-1199, "Subcompartment Analysis Procedures," Los Alamos
National Laboratory, February 1980.

7. NUREG/CR-1511. " Containment Main Steam Line Break Analysis for -

Equipment Qualification," Los Alamos National Laboratory, June 1980.;_
4

|

| 8. NUREG/CR-2540, "A Method'for the Analysis of Hydrogen and Steam
l '. Releases to Containment During Degraded Core Cooling Accidents," Battelle -,

L Memorial Institute, Columbus Laboratories. February 1982.

: 9. NUREG/CR-3412 (Series), " Containment Integrity Program Progress
| Report, April 1983 - December 1984," Sandia National Laboratories,
O December 1986.

'
10. NUREG/CR-3539, " Impact of Containment Building Leakage on LWR

Accident Risk," Oak Ridge National Laboratory, April 1984.

I1. NUREG/CR-3549, " Evaluation of Containment Leak Rate Testing Criteria,"
Oak Ridge National Laboratory, March 1984. ,

12. NUREG/CR-4242, " Survey of Light Water Reactor Containment Systems,
Dominant Failure Modes and Mitigation Opportunities," R&D Associates,
January 1988.
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113. NUREG/CR-4366, " Reliability Assessment of Containment Tangential Shear
Failure," Brookhaven National Laboratory, January 1986. 1

P .14.1NUREG/CR-4455, " Preliminary Calculations of Direct Heating of a 1
Containment- Atmosphere by Airborne Core Debris," Sandia National !

Laboratories, July 1986. j
.

15. NUREG/CR-4896, " Containment Loads Due to Direct Containment Heating -

and Associated Hydrogen Behaviors," Sandia National Laboratories, May
'1987. ' t

#

16. NUREG/CR 8030, "An - Assessment of Steam Explosion Induced
Containment Failure," University of Santa Barbara, Cahfornia, February. :
1989. ?

17. NUREG/CR-5209, " Design Provisions for Tangential Shear in Containment
Walls," Construction Technology Laboratories, August 1988.

'
18. EPRI NP-2726, " Containment Integrated Leak-Rate Testing Improvements,"

< Stone & Webster Engineering Corporation, November 1982.
'

:

19. EPRI NP-3400, " Criteria for Determining the Duration of Integrated Leakage
; Rate Tests of Reactor Containments," Quadrex Corporation, December 1983. ,

20. ORNL-NSIC-5, Volumes I and II, "U.S. Reactor Containment Technology -
'

A Compilation of Current Practice in Analysis, Design, Construction, Test,
and Operation," Oak Ridge National Laboratory, August 1%5.,

21. Mehta, D.S., et al., " Trends in the Design of Pressurized Water Reactor
Containment Structures and Systems," Nuclear Safety, Vol.18, No. 2, pp ' t
189 to 202, March-April 1977. ;

'C6.2: STEEL CONTAINMENT.
!

1. NUREG/CR-2442, " Reliability Analysis of Steel Containment Strength.
Technical Report, August 1980 - September 1981," Iowa State University,
June 1982.

, -

2. NUREG/CR-2836, Volumes 1 to 3," Buckling of Steel Containment Shells," ,

Lockheed Palo Alto Research Laboratory, December 1982,
t

3. NUREG/CR-2966, " Buckling Investigation of Ring-Stiffened Cylindrical
Shells Under Unsymmetrical Axial Loads," Los Alamos National Laboratory, '

December 1982.
..

?

4. NUREG/CR-3127,"Probabilistic Seismic Resistance of Steel Containments,"
L Iowa State University, January 1984.' '

5. NUREG/CR-3742, " Buckling of Steel Containment Shells Under Time-
Dependent Loading," Alamos National Laboratory, July 1984.

1
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. 6. NUREG/CR 4223 " Steel Containment Resistance Under General Dynamic iPressures," Ames Laboratory, Energy & Mineral Resources Research- jInstitute, February 1986.

7.. NUREG/CR-4870, "An Evaluation of the Effects of Design Details on the l
Capacity of: LWR . Steel Containment Buildings," Sandia'' National' 1
Laboratories, May 1987. :

8. NUREG/CR-4892, "A Study of the Effects of Penetration Framing on Steel- i

Containment Buckling Capacity," Los Alamos National Laboratory, May-
1987.

|

9 HUREG/CR 4904, " Investigation of Steel Containment Buckling from :

Opamic loads,"los Alamos National Laboratory, May 1987.
,

10. NUREG/CR-4926,. "An Assessment of Loss-of-Containment Potential
'

Because of Knuckle Buckling for 4:1 Steel Containment Heads," Los Alamos - +
National Laboratory, April 1987. 4

C6.3 CONCRETE CONTAINMENT

1. NUREG/CR-0092, " Corrosion of Steel Tendons in Concrete Pressure
Vessels: Review of Recent Literature and Experimental Investigations," Oak
Ridge National Laboratory, April 1978.

|
2. NUREG/CR 1097, '' Safety Analysis of Nuclear Concrete Containment-.

Structures," Cornell University, December 1979.
,

3. NUREG/CR-2719. " Evaluation of Inservice Inspection of ~ Greased
Prestressing Tendons," Oak Ridge National Laboratory, September 1982.

. 4. NUREG/CR-2898, " Reinforced Concrete Containment Safety Under :
l Hydrogen Explosion Loading," Massachusetts Institute of Technology,

September 1982.

5. NUREG/CR-3157, " Design of Reinforced Concrete' Containment Wall
Elements Under Combined Action of Shear and Tension," Massachusetts- .

Institute of Technology, March 1983.-
'

<

.,

6. NUREG/CR-3255, " Analysis of Reinforced Concrete Containment Vessels1

with Nonlinear Shearing Stiffness," Cornell University, April 1983.

H 7. NUREG/CR-3284, " Review of Current Analysis Methodology. for.
-Reinforced Concrete Structural Evaluations," Brookhaven.. National

'

Laboratory, September 1983.

8. NUREG/CR 3876, " Probability Based Load Combination Criteria for Design
of Concrete Containment Structures," Brookhaven National . Laboratory, .;
August 1985.

9. NUREG/CR-3957, " Reliability Assessment and Probability Based Design of- f
Reinforced Concrete Containments and Shear Walls," Brookhaven Nation'd

,

Laboratory, March 1986.
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10. NUREGRR-4123,," Seismic Fragility of Reinforced Concrete Structures and
Components for Application to Nuclear Facilities," Lawrence Livermore,

. National Laboratory, March 1985.

; Il ' NUREG/CR-4149,4 " Ultimate Pressure Capacity' of- Reinford and.

Prestressed Concrete Containments," Brookhaven National Laboratory, May
1985.

.12. NUREG/CR-4474, " Scale Modeling of Reinforced Concrete Category I
Structures Subjected to Seismic Loading " Los Alamos National Laboratory,

,

. January 1986.'

o
13. NUREG/CR-4712," Regulatory Analysis of Regulatory Guide 1.35 (Rev.3,

Draft 2) - In Service Inspection of Ungrouted Tendons in Prestressed -
Concrete Containments," Oak Ridge National Laboratory, February 1987.

14 = NUREG/CR-4969, "Axisymmetric Analysis of 1:6-Scale Reinforced
Concrete Containment Building Using a Distributed Cracking Model for the
Concrete," Sandia National Laboratories, September 1987.

15. EPRI NP 3774, Volumes 1 to 3 " Concrete Containment Structural Element :
Tests," Construction Technology Laboratories, November 1984 (Vol 1 to 3).

16.- EPRI NP-4046, " Methods for Ultimate Load Analysis of Concrete
. Containments," Anatech International Corporation, June 1985,

.

17. EPRI NP-4867M, " Concrete: Containment Tests, Phase 2: Structural
Elements with Liner Plates," Construction Technology Laboratories, August
1987=

18. EPRI NP-4869M, " Methods for Ultimate Load Analysis of Concrete
Containments: Second Phase," Anatech International Corporation, March
-1987.

C6.4 PWR LARGE DRY CONTAINMENT.

..

1. -NUREG/CR-2214, " Probability:of Containment Failure Due to Steam
Explosions Following a Postulated Core Meltdown in an LWR," Sandia-*

-- National Laboratories, September 1981~.

2. . NUREG/CR-2848, " Mechanistic Dry-Pressure-Containment LOCA
Analysis," Los Alamos National Laboratory, January 1983.

3.- NUREG/CR-4920, Volume 4," Assessment of Severe Accident Prevention-
and Mitigation Features: PWR, Large Dry Containment -Design,"
Brookhaven National Laboratory, July 1988.

C6.5 , PWR= ICE CONDENSER. CONTAINMENT

1. NUREG/CR-3248, " Studies of Fission. Product Scrubbing Within Ice
. Compartments," Battelle Pacific Northwest Laboratory, May 1983.

2. NUREG/CR-3278, " Hydrogen Burn Analyses of Ice Condenser
Containments," Los Alamos National Laboratory, July 1983.
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~ 3.' and Mitigation Features:' PWR. Ice Condenser Containment Design,"'
NUREG/CR-4920, Volume 5, " Assessment of Severe Accident Prevention-

. Brookhaven National Laboratory, July 1988. ;

4. WCAP.7833, 'T : sign and Performance Evaluation of Ice-Condenser Reactor
Containment S stem for the Donald C. Cook Nuclear Plant," Westinghouse

~ Electric Corpor;ation, March 1968.

5. Liparulo, N.J., et al, "The Ice-Condenser System for Containment Pressure
Suppression," Nuclear Safetv. Vol.17, No. 6, pp 710 to 721, November- |
December 1976. .

t

6. Weems, S.J., et al, "The Ice Condenser Reactor. Containment System,"
Nuclear Safety, Vol. I1, No.3, pp 215 to 222, May June 1970.

'
1

, +

; C6.6 BWRLPRESSURE SUPPRESSION CONTAINMENT i

:
C6.6.1 - BWR CONTAINMENT, GENERAL o

t

1. NUREG 0288, "Modeling Pool Swell Hydrodynamics: Progress Report,.
March 1977," Massachusetts Institute of Technology, June 1977 '

,

2.1NUREG-0474, "A Technical Update on Pressure Suppression Type
Containments in Use in U.S. Light Water Nuclear Power Plants," USNRC,
July 1978.

:

: 3. NUREG 0763, " Guidelines for Confirmatory Inplant Tests of Safety Relief
'

;

Valve Discharges for BWR Plants," USNRC Dmsion of Safety Technology,
May 1981.

4. NUREG/CR-0003, "Small Scale-Modeling of Hydrodynamic Forces in
Pressure Suppression Systems," Massachusetts Institute of Technology,

'March 1978.

5. NUREG/CR-1631,~ " Lateral Loads on Vent Pipe in Steam Chugging,"-

University of California, Los Angeles, August 1980.

p' 6. ' NUREG/CR-1632, " Hydrodynamics of a Va wr Jet in Subcooled Liquid,"
p University of California, Los Angeles, Septem xr 1980. .

7. NUREG/CR-2633," Containment' Reactor Cavity Subcompartment Analysis _ '

Procedures for a Boiling Water Reactor," Los Alamos National Laboratory, +-

May 1982.
'

8. NUREG/CR 3317, " Technical Bases and User's Manual for the Prototype ofp r

L SPARC - A Suppression Pool Aerosol Removal Code," Battelle Memorial, -

b Institute, Pacific Northwest Laboratories, May 1985
'

i

9. NUREG/CR-3539, " Impact of Containment Building Leakage on LWR .

- Accident Risk," Oak Ridge National Laboratory, April 1984.
;

10. NUREG/CR 3549, " Evaluation of Containment Leak Rate Testing Criteria,"
Oak Ridge National Laboratory, Mamh 1984.
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- 11.- USNRC Inspection and Enforcement Bulletin No. 78 09, "BWR Drywell - q

1.cakage Paths Associated with Inadequate Drywell Closures," 1978.
p, .

.
1

'

12.- EPRI NP-4008, "BWR Suppression hwl Pressures During Safety Relief
Valve Discharge," NUTECH Engineering, Jnc., April 1985,*

13. EPRI NP-4154, Volume 1 "Radionuclide Scabbing in Water Pools, Gas-
- Liquid Hydrodynam'es," Battelle Columbus Latoratories, August 1985.

-14 _ Wade,' G.E., " Evolution and Current Status of' the BWR' Containment 1
System," Nuclear Safetvc Vol.15, No. 2, pp 163 to:173, March - April

j 19_74. ]

C 6. 6. 2 - - MARK I CONTAINMENT

1. NUREG/CR-0761, " Extended Analysis of Data From the 1/5-Rde Mark I i

Boiling Water Reactor Pressure Suppression Experiment,"; Lawrence
Livermore National Laboratory, July 1980.

,

-

2. NUREG/CR-4920, Volume 1, " Assessment of Severe Accident Prevention
and Mitigation Features: 'BWR, Mark 1 Containment Design," Brookhaven _ i

National Laboratory, July 1988. L|

3. NUREG/CR-5225, "An Overviev of BWR Mark I Containment Venting
Risk Implications," EG&G Idaho, Inc., November 1988.

4. NUREG/CR-5278, " Cost Analysis for Potential BWR M tr's I Containment
Improvements," Science & Engineering Associates, Inc., J,r uary 1989. q

'

5. USNRC Inspection and Enforcement Bulletin No. 78-11, '.' Examination of
Mark I Containment Torus Welds," 1978.

6. USNRC Inspection and Enforcement Bulletin No. 84-01, " Cracks in Boiling
Water Reactor Mark I Containment Vent Headers," February 1984. ;

7. _ SECY-87-297, " Mark I Containment Performance Improvement Program,"
USNRC Executive Director of Operations, December 8,1987. ,

C6.6.3 MARK II CONTAINMENT
,

1. NUREG 0487, " Mark II Containment Lead Plant Program Load Evaluation.-

and Acceptance Criteria," USNRC Division of Safety Technology, October.
1978 (Main Report), September 1980 (Supplement 1), February 1981
(Supplement 2).

2. NUREG 0802, "Saf'ety/ Relief Valve Quencher Loads: Evaluation for BWR
Mark II and lil Containments," USNRC Division of Safety Technology, i

- October 1982. '
,

/ 3. NUREG-0808, " Mark II Containment Program Evaluation and Acceptance
Criteria," USNRC Division of Safety Technology, August 1981.
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- 4. NUREG/CR-2039, " Dynamic Combinations for Mark II: Containment
Structures," Brookhaven National Laborato y, June 1982. 1,

a
5. NUREG/CR-4920, Volume 2, " Assessment of Severe Accident Prevention : i

and Mitigation Features: BWR, Mark II Containment Design," Brookhaven- :
- National Laboratory, July 1988. '

i
C6.6.4 MARK III CONTAINMENT

,

4

1. NUREG-0802, " Safety / Relief Valve Quencher leads: Evaluation for BWR
Mark 11 and III Containments," USNRC Division of Safety Technology, -

October 1982. 1

2. NUREG 0978, " Mark III LOCA-Related Hydrodynamic Load Definition, i

Generic Technical Activity B-10, Final Report," USNRC Division of
Systems Integration, August 1984.

3. NUREG/CR-1444," Investigation of Distorted-Geometry Simulation of Pool. ;

Dynamics in Horizontal-Vent BWR Containments," Massachusetts Institute 1

of Technology, April 1980.

'
4. NUREG/CR-1890,1 " ABS, SRSS and CDF Response Combination

Evaluation for Mark 111 Containment and Drywell Structures," Brookhr.ven
National Laboratory, June 1982.

,

5. NUREG/CR-1967, " Failure Evaluation of a Reinforced Concrete Mark III
Containment Structure Under Uniform Pressure," Brookhaven National-

. Laboratory, March 1983.-

6. NUREG/CR-2686, " Review of Load Combinations for NSSS and BOP -
Piping and Equipment of Mark III Plants," Brookhaven National Laboratory,
May 1982.

7. NURFG/CR-4920, Volume 3, " Assessment of Severe Accident Prevention - ,

and. Mitigation Features: BWR, Mark III Containment Design," Brookhaven

4 National Laboratory, July 1988.

8. !!EDO-20533, "The General Electric Mark III Pressure Suppression
:

' Containment System Analytical Model," General Electric Company,1975. ,

C6.7 CONTAINMENT. PENETRATIONS AND ISOLATION I
!

SYSTEMS
1

[

1, NUREG/CR-1730, ." Data Summaries of Licensee Event Reports of Primary W'Containment Penetrations at U.S. Commercial Nuclear Power Plants, January.
1972 to December 31,1978," EG&G Idaho, Inc., September 1980. 4

i

L 2. ..NUREG/CR-2165, "An Investigation of Buckling of Steel Cylinders with'~

Circular Cutouts Reinforced in Accordance with ASME Rules," Los Alamos
National Laboratory, July 1981.

- 3. NUREG/CR-2377, " Tests & Criteria for Fire Protection of Cable,

Penetrations," Sandia National Laboratories, April 1982.
-
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4. NUREG/CR-3053, "Closcout of IE Bulletin 80 08i Examination of'

Containment Liner Penetration Welds," Parameter, Inc., July 1984.

i l5. NUREG/CR 3135, " Buckling Investigation of Ring Stiffened Cylindr ca -
Shells with Reinforced Opemngs Under Unsymmetrical AxialImads,'' Los-

Alamos National Laboratory, March 1983.
,

6. NUREG/CR 3234, "The Potential for Containment Leak Paths Through
Electrical Penetration Assemblies Under Severe Accident Conditions," Sanc.ia
National Laboratories, August 1983.

- 7. NUREG/CR-3795, "Closcout of IE Bulletin 82-04: Deficiencies in Primary -
Containment Electrical Penetration Assemblies," Parameter,Inc., July 1984.'

8. NUREG/CR-3855, " Characterization of Noclear Reactor Containment-
Penetrations," Argonne National Laboratory, Februan 1985.

9. NUREG/CR-4064," Structural Response of Large Penetrations and Closures
for Containment Vessels Subjected to Loadings Beyond Design Basis,"
Argonne National Laboratory, Sandia National Laboratories, April 1985.

10. NUREG/CR-4220," Reliability Analysis of Containment Isolation Systems,"
Battelle Memorial Institute, Pacific Northwest Laboratories, June 1985.

.

11.- NUREG/CR-4734, " Seismic- Testing of Typical Containment Piping
#
' Penetration Systems," EG&G Idaho, Inc., December 1986.

12. NUREG/CR-4944, " Containment Penetration Elastomer Seal Leak Rate-
Tests," Sandia Natic,nni Laboratories, EG&G Idaho, Inc., July 1987.

13. NUREG/CR 5043, " Containment Penetration System Tests (CPS), Tests
Under Accident Loads," EG&G Idaho,Inc., August 1988.

-14. NUREG/CR 5096, " Evaluation of Seals for Mechanical Penetrations of
Containment Buildings," Sandia National Laboratories, ERC International,
Inc., August 1988.

=15. USNRC, Inspection and Enforcement Bulletin No. 77-06, " Potential-
Problems with Containment Electrical Penetration Assemblies,". November :
1977.

16.- USNRC Inspection and Enforcement Bulletin No. 77-07, " Containment
Electrical Penetration' Assemblies at Nuclear Power Plants Under
Construction," December 1977.

o
'

'

17. USNRC Inspection and Enforcement Bulletin No. 80 08, " Examination of
Containment Liner Penetration Welds," April 1980.,

.18. USNRC Inspection and Enforcement Bulletin No.' 82-04, " Deficiencies in
Primary Containment Electrical Penetration Assemblies," December 1982.

,
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C6,8 5 - CONTAINMENT ' ATMOSPHERE: CLEANUP SYSTEMS l

'

t

.|
9 1. NUREG/ CRC " Technological Bases for Models of Spray Washout of j

.

Airborne Conuw .ts in Containment Vessels," Benton City Technology, 1November 1978.
|
;

2. NUREG/CR-0608, " Size Distribution of Drops From Containment Spray - |
Nozzles," Battelle Pacific Nonhwest Laboratory,1979.1 R

s

3. NUREG/CR-0650, "A Com arative Evaluation-of Containment Spray. j
Additives," Benton City Technology, May 1979. i

4. NUREG/CR-2550, " Charcoal Performance Under Simulated Accident--

Conditions, Interim Report on Continuing NRL Problem," Department of 1

Naval Research Laboratory, July 1982.
3

5. NUREG/CR 3248,' " Studies of Fission Product Scrubbing Within Ice
Compartments,".Battelle Pacific Northwest Laboratory, May 1983.

6. - NUREG/CR-3317, " Technical Basm and User's Manual for the Prototype of- ,

SPARC - A Suppression Pool Aerosol Removal Code," Battelle Memorial - |
Institute, Pacific Northwest Laboratories, May 1985 i

7. NUREG/CR-3727, " Fission Product Removal in Engineered Safety Feature -
-(ESP) Systems, Data Base Assessment and Suggested Experimental
Program," Battelle Memorial Institute, Pacific Northwest Laboratories, April-
1984.'

1

8. NUREG/CR-4081,' _"Absorpuon of Gaseous Iodine by Water Droplets," Oak - -[
Ridge National Laboratory, August,1985.

,

~

9. :NUREG/CR 4102, " Air Currents Driven by S ys in Reactor Containment
Buildings," Sandia National Laboratories, Ma 86. >

10. NUREG/CR-4881, " Fission ' Product Release Characteristics into.
Containment Under Design Basis. and Severe Accident Conditions,''
Brookhaven National Laboratory, March 1988.

. >

;
. J.

'll. USNRC Inspection and Enforcement Bulletin No. 75-07, ." Emission-'of.
'

Corrosive Cases into Ventilation System Filtered by HEPA Filters," 1975. ;
-i

12. EPRI NP-4154, Volume ! "Radlonuclide Scrubbing in Water Pools, Gas- !

Liquid Hydrodynamics," Battelle Colurabus Laboratories, August 1985. .

13. ERDA 76-21, " Nuclear Air Cleaning Handbook: Design, Construction, and [
.' Testing of High-Efficiency Air Cleaning Systems for Nuclear Applications", - 1

(Revision of ORNL-NSIC-65) Oak Ridge National Laboratory,1976 :

14. ORNL-NSIC-25, " Air-Cleaning as an Engineered Safety Feature in Light [
'

Water Cooled Power Reactors," Oak Ridge National Laboratory, September j,

1968. i
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15. ' ORNL-NSIC-65, " Design, Construction, and Testing of High Efficiency Air4

Cleaning Systems for Nuclear Applications", Oak Ridge National Laboratory,
January 1970 |

16.- First, M.W., and Humphrey, G., " Aerosol Filtration", Nuclear Enfety. Vol. 1-

23, No. 2, pp.167 to 182, March . April 1982.

- 17. Row, T.H., "Research on the Use of Containment Building Spray Systems in !
' Pressurized Water Reactors," Nuclear Safety, Vol.11, No. 3, pp 223 to 234,

'

May-June 1970.-

18. Row, T.H., " Reactor Containment Building Spray Systems for Fission
Product Removal," Nuclear Safety, Vol.12, No. 5, pp 516 to 522, q

September-October 1971. j
1

C6.9 CONTAINMENT HYDROGEN CONTROL SYSTEMS

1. NUREG/CR-0304, " Mixing of Radiolytic Hydrop'en Generated Within a
Containment Compartment Following a LOCA, Los Alamos National,<

lLaboratory, August 1978.=

2. NUREG/CR-1561, "The Behavior of Hydr, ogen During Accidents in Light
Water Reactors," Sandia National Laboratones, October 1980.

1

- 3. NUREG/CR-1575, " Hydrogen Mixing in a- Closed Containment
Compartment Based on a One-Dimensional Model with Convective Effects,"
Los Alamos National Laboratory, September 1980.

4. NUREG/CR-1966, " Hydrogen Monitoring Systems in Reactor Safety
Assessment," Lawrence Livermore National Laboratory, November 1981.

.

5. NUREG/CR-2017, Volumes 1 to 4, " Proceedings of the Workshop on the
' Impact of Hydrogen on Water Reactor Safety," Sandia National Laboratories, q
September 1981 (Vol.1), October 1981 (Vols. 2 and 4), December 1981 1
(Vol. 3). j

6. NUREG/CR-2080, "A Review of H2 Detection in Light Water Reactor. ,

Containments," Sandia National Laboratories, February 1982. 1

7.' NUREG/CR-2475, " Hydrogen Combustion Characteristics Related to .

Reactor Accidents,' Brookhaven National Laboratory, July 1983.-

' 8. NUREG/CR-2486, " Final Results of the Hydrogen Igniter Experimental
Program," Lawrence Livermore Laboratory, February 1982, ;7

9. NUREG/CR-2530, SAND 82-0218, " Review of the Grand Gulf Hydrogen
_.{Igniter System," Sandia National Laboratories, March 1983.

'

10. .NUREG/CR-2726, SAND 82-1137, " Light Water Reactor Hydrogen
Manual," Sandia National Laboratories, August 1983.

11. NUREG/CR-2847, "COGAP: A Nuclear Power Plant Containment
,

| Hydrogen Control System Evaluation Code," Los Alamos National ,

p Laboratory, January 1983.
,
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12.'NUREG/CR 2865, " Hydrogen Combustion in Aqueous Foams," Sandia
6

- National Laboratories, November 1982..

|

, 13.. NUREG/CR 2897, " Calculations of Hydrogen -Detonations in Nuclear
. Containments by Random Choice Method," Massachusetts Institute of->

,

Technology, September 1982.

. . 14. NUREG/CR-3225, " Data - Analysis of the' LLNL Hydrogen Igniter-

Experiments," Lawrence Livermore Laboratory, May 1983,

15. NUREG/CR-3278, " Hydrogen Burn Analyses - of' Ice Condenser
Containments," Los Alamos National Laboratory, July 1983.

16. NUREG/CR 3361, "The Effect of -Water Chm 4stry on the Rates of'

Hydrogen Generation From Galvanized Steel errosion at Post LOCA
Conditions," Sandia National Laboratories, January 1985.

. 17. NUREG/CR-3463, "An Evaluation of HECTR Predictions of Hydrogen
Transport;" %dia National Laboratories, November 1983,

18. NUREG/CR-3468, " Hydrogen, Air, Steam Flammability Limits and
Combustion Characteristics in the FITS Vessel,". Sandia National'
Laboratories, December 1986.

19. NUREG/CR-3868," Containment Building Atmosphere Responses Due to
Rector Gas Burning Under Severe Accident Conditions," Brookhaven
NationalLaboratory July 1984.

20. - NUREG/CR-3954, "HECTR Analysis of Equipment Temperature Responses
to Selected Hydrogen Burns in an Ice Condenser. Containment," Sandia
National Laboiatories, February 1985.

21. NUREG/CR-4534, " Analysis of Diffusion Flame Test," Sandia National
Laboratories, August 1987.>

,

22. NUREG/CR-4905, "Detonability'of H2 Air Diluent' Mixtures," Sandia;

National Laboratories, June 1987.

23. NUREG/CR-4%1, "A Summary of Hydrogen-Air Detonation Experiments,"
. McGill University, Montreal, Canada, May 1989.,

24. NUREG/CR-5275, " Flame Facility - The Effects of Obstacles and Transverse
Venting on Flame Acceleration and Transition to Detonation for Hydrogen-Air
Mixtures at Large Scale," Sandia National Laboratories, April 1989.

25. EPRI NP-2669, " Hydrogen Mixing and Distribution in Containment
- Atmospheres," Westinghouse Hanferd Company, March 1983.

26. EPRI NP 2955," Intermediate Scale Combustion Studies of Hydrogen-Air-'

Steam Mixtures," Atomic Energy of Canada, Limited, June 1984.
'
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I27.' EPRI NP 2956," Effectiveness of Thermal Ignition Devices in Lean

drogen Air Steam Mixtures," Atomic Energy of Canada, Limited, March _ - |

28. HEDL-TME 82-7, " Hydrogen Generation, Distribution an'd Combustion
-

Under Severe LWR Accident Conditions - A State of Technology Report,""

Hanford Engineering Development Laboratory, March 1983. j

C6.10 - OTHER CONTAINMENT AUXILIARY SYSTEMS

1. NUREG/CR 1029, "Propam Plan for the Investigation of Vent-Filtered
Containment Conceptual ksign for Light Water Reactors," Sandia National t

Laboratories, March 1980. :

2. NUREG/CR-3803, "'Ihe Effects of Post LOCA Conditions on a Protective -j
Coating (Paint) For the Nuclear Power Industry,"'Sandia National |4

,

95- Laboratories, May 1 8 . p

3. .NUREG/CR-3908," Survey of the State of the Art in Mitigation Systems,"
R&D Associates, January 1988.

"
4. NUREG/CR-4141, " Containment Purge and Vent Valve Test Program Final '

Report," EG&G Idaho, Inc., September 1985.
:

5.- NUREG/CR-4243, "Value/ Impact Analysis for Evaluating Alternative -
' Mitigation Systems," R&D Associates, January 1988.

6. NUREG/CR-4648, "A Study of Typical Nuclear Containment Purge Valves-

in an Accident Environment," EG&G Idaho,Inc., August 1986.
f

7. USNRC Inspection and Enforcement Bulletin No. 80-24, " Prevention of
.- Damage Due to Water Leakage Inside Containment," November 1980.

8. EPRI NP-2694, " Control of Containment Air Temperature: 'An Industry ,

Survey and Insulation Test," Dynatech R&D Company, October 1982. t

<

C7. ' INSTRUMENTATION AND CONTROL' SYSTEMS

C'/.1 INSTRUMENTATION AND CONTROL SYSTEMS,' GENERAL

1. TID-25952-P1 and .P2, " Nuclear Power Reactor Instrumentation Systems ,

Handbook," U.S. Atomic Energy Commission,1973, i

2. 'NUREG-0588, Revision 1, " Interim Staff Position on Environmental
Qualification of Safety-Related Electrical Equipment," USNRC Division of
Safety _ Technology, July 1981.

'

3. NUREG 0700,;" Guidelines for Control Room Design Reviews," USNRC
Division of Human Factors Safety, September 1981.

~ '

4. NUREG 0801, " Evaluation Criteria for Detailed Control Room Design
Review," USNRC Division of Human Factors Safety, October 1981.
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5. - NUREG/CR-'1740, Revision 1, " Data Summaries of Licensee Event Reports
of Selected Instrumentation and Control Components at U.S. Commercial .
Nuclear Power Plants, January 1,1976 and December 31,1981," EG&G ' q

,

Idaho, Inc., July 1984. ., ,

f 6. -NUREG/CR 2100, " Boiling Water Reactor Status Monitoring During l
'

Accident Conditions," EG&G Idaho, Inc;, May 1981; 1

'
7; NUREG/CR-2363, ." Thermal-Shock Resistant _ Cermet Insulators," Oak -.

4 Ridge National Laboratory, December 1981.
'

,

8. NUREG/CR-2626,_"Ex Core Neutron Detectors for Reactor Vessel Level :

Measurement," Oak Ridge National Laboratory, March 1982.
'

:
'

- - 9. NUREG/CR-2627, " Inadequate Core Cooling Instrumentation Using Heated
Junction Thermocouples for Reactor Vessel level Measurement," Oak Ridge

. National Laboratory, March 1982.
'

a'

10. NUREG/CR-2628, " Inadequate Core Cooling instrumentation Using
Differentiel Pressure for Reactor Vessel Level Measurement," Oak Ridge
National 1. .boratory, March 1982.

I1. NUREG/CR 2673, " Evaluation of Thermal Devices for Detecting In-Vessel q
; Coolant Levels in PWRs," Oak Ridge National Laboratory, September 1982.-

12. NUREG,CR-2720, " Analysis of Performance of Westinghouse Reactor; ;

^ Vessel Level Indicating System for Tests at Semiscale," Oak Ridge National t

Laboratory, November 1982. [
'

13. NUREG/CR-2771, " Common Cause Fault Rates for Instrumentation and j

Control Assemblies, Estimates Based on Licensee Event Reports at U.S.
'

Commercial- Nuclear Power Plants, 1976-1978," EG&G Idaho, Inc.,
February 1983.

~ 14. NUREG/CR-2987, BNL-NUREG-51592, " Identification and Analysis of .-

Human Eriors Underlying Electrical / Electronic Component Related Events-
Reported by Nuclear Power Plant Licensees," Brookhaven National- '

-

Laboratory, June 1983,

15. NUREG/CR-3069, " Interaction of Electromagnetic Pulse With Commercial
Nuclear Power Plant Systems," Sandia National Laboratories, February
1983.-

16. NUREG/CR-3156, "A Survey of State of-the-Art in Aging of Elsctronics.
.

. With Application to Nuclear Power Plant Instrumentation," Sandia NationalV
Laboratories, May 1983.

'

17iNUREG/CR-3270. " Investigation of Electromagnetic Interference (EMI) i
Levels in Commercial Nuclear Power Plants," Lawrence Livermore ,.

-Laboratory, August 1983.<

18. 'NUREG/CR-3289, " Common Cause Fault Rates for Instrumentation and
Control Assemblies - Estimata Based on Licensee Event Reports at U. S.

,
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Cc,mmercial Nuclear Power Plants, 1976 - 1981," EG&G Idaho, Inc., May
1983.

19. NUREG/CR 3386, " Detection of Inadequate Core Cooling With Core Exit
'Ihermocouples: LOFT PWR Experience," EG&G,Inc., November 1983.

20. NUREG/CR 3652, " Evaluation of Instrumen;ation for Detection of
inadequate Core Cooling in Boiling Water Reactors," Oak Ridge National
Laboratory, April 1984.

21. NUREG/CR 3956, "In Situ Testing of the Shi ingport Atomic Power
Station Electrical Circuits," EG&G k,aho,Inc., A 1987,=

22. NUREG/CR-4017. " Interim Criteria for the Use of Programmable Digital
Devices in Safety and Control Systems," EG&G, Inc., December 1984.

23. NUREG/CR-4299, " Preliminary Evaluation of Effluent Radioactivity+

Monitoring Systems for BWR Plants," EG&G Idaho, Inc., January 1986.

24. NUREG/CR 4470, " Survey and Evaluation of Vital Instrumentation and
Control Power Supply Events," Oak Ridge National Laboratory, August
1986.

25. NUREG/CR 4511. " Assessment of the' Adequacy of the Calibrations

Performed by' Argonne National Laboratr ry, May 1986, Commercial Calibration Services for Ionir.ing Radiation SurveyInstruments,

26. NUREG/CR-4763," Safety Related Equipment Survivalin Hydrogen Burns
in Large Dry PWR Contamment Buildings," Sandia National Laboratories,
March 1988,

27. NUREG/CR 5031, " Significance of In Structure Generated Motion in
Seismic Qualification Tests of Cabinet Mounted Electrical Devices," EG&G
Idaho, Inc., July 1988.

28. USNRC Generic Letter 82 09, " Environmental Qualification of Safety
Related Electrical Equipment," 1982.

29. USNRC Generic Letter 82 28, " Inadequate Core Cooling Instrumentation
System," December 1982.

30. USNRC Generic Leter 84 23, " Reactor Vessel Water levelInstrumentation
in BWRs," October 1984.

31. USNRC Inspection and Enforcement Bulletin No. 77-01, " Pneumatic Time
Delay Setpomt Drift," 1977.

-32. USNRC Inspection and Enforcement Bulletin No,79 01, " Environmental
Qualification of Class lE Equipment," February 1979 (Main Report), June
1979 (Suppicment A), January 1980 (Supplement B).

33. USNRC Inspection and Enforcement Bulletin No. 79 21, " Temperature
Effects on level Measurements," August 1979.
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34. USNRC Inspection and Enforcement Bulletin No. 79 27, "less of Non- !

Class IE Instrumentation and Control Power System Bus During Operation," |
November 1979. ;

!

35. EPRI NP-2727-SR, "A Review of Proposed Instrumentation for !
Measurement of Water Level as a Means of Detecting Inadec unte Core :
Cooling in Pressurized Water Reactors," Electric Power Researc 1 Institute, !
November 1982. ;

36. EPRI NP-4486 Volumes 1 and 2 " Improved Reliability for Analog ;

Instrument and Control Systems," Science Applications International -

Corporation, May 1986.
,

i
37. Bhatti, J. S. and Chexal, V. K., " Failures in Instrument and Control Power !

Supply Hardware," Nuchr Safetv. Vol. 23, No. 6, November - December :

1982. |

38. Hagen, E. W., " Technical Note: Quantification of Human Error Associated
With Instrumentation and Control System Components," Nuclear Safety. '

Vol. 23, No. 6, November December 1982.
:

C 7.2 SAFETY SYSTEM 'RPS AND ESFAS) |

1. NUREG 0493, "A Defense-in Depth and Diversity Assessment of the
RESAR-414 Integrated Protection System," USNRC,1979. ,

2. NUREG 0611. " Generic Evaluation of Feedwater Transients and Small -

Break Loss of Coolant Accidents in Westinghouse Designed Operating ,

Plants," Appendix V," Safety Systems" USNRC, January 1980. ,

t

3. NUREG 0635, " Generic Evaluation of Feedwater Transients and Small
Break Loss of Coolant Accidents in Combustion Engineering Designed '

Operating Plants," Appendix V, " Safety Systems", USNRC, January 1980.
,

4. NUREG-1341, " Regulatory Analysis for the Resolution of Generic Issue
115, Enhancement of the Reliability of the Westinghouse Solid State
Protection System," USNRC Division of SafeG '.ssue Resolution, May 1989. .

5. NUREG/CR-4740, " Nuclear Plant Aging Research on Reactor Protection i

Systems," Idaho National Engineering Laboratory, January 1988.

6. NUREG/CR 5197, " Evaluation of Generic Issue 115: Enhancement of the
Reliability of Westinghouse Solid State Protection System," EG&G Idaho,

,

Inc., January 1989, i

7, USNRC Inspection and Enforcement Bulletin No. 72 2, " Simultaneous
Actuation of a Safety injection Signal on Both Units of a Dual Unit Facility," !

1972.

8. USNRC Inspection and Enforcement Bulletin No. 77 03, "On-Line Testing
of Westinghouse Solid State Pmtection System (SSPS)," 1977.

.
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9. USNRC Ins xction and Enforcement Bulletin No. 80-06, " Engineered Safety
= Feature (ES9 Reset Controls," March 1980.-

10. NSAC-092, " Scram Reduction by Relaxing Set Points: An Analysis of
Combustion Engineering PWRs with Analog Controls Using RETRAN-02,"
Combustion Engineering, Inc., No.> ember 1985.

I1. NSAC-093," Scram Reduction by Relaxing Set Points: An An dysis of C-E
PWRs with Digital Controls Using RETRAN-02," Combustion Engineering,
Inc., Southern Califomia Edison Company, January 1986.

12. NSAC-094, " Reducing Scram Frequency by Modifying Reactor Set Points
for a Westinghouse 4 Loop Plant," Electric Power Research trutitute, April
1986,

13. EGO EE 6219," Interim Safety Related Criteria for SignalIsolation Devices
Used in Commercial Nuclear Power Plants," EG&G Idaho, Inc., April 1983.

14. EGO M 13686, " Review of Operating Experience on Engineered Safety
. Features Actuating Systems," EG&G k aho, Inc., October 26,1986.

15. FIDO 10189, "An Analysis of Functional Common Mode Failures in GE
BWR Protection and Control Instrumentation," General Electric Company,
July 1970.

16. ORNL-NSIC 051, " Design Principles of Reactor Protection Instrument
Systems," Oak Ridge National Laboratory, September 1968.

17. ORNL-NSIC Ill, " Reactor Protection System: Philosophies and
Instrumentation Reviews from Nuclear Safetv," Oak Ridge National
Laboratory, July 1973.

C7,3 CONTROL SYSTEMS

1.. NUREG-%11. " Generic Evaluation of Feedwater Transients and Small
Break Loss of Coolant Accidents in Westinghouse Designed Operating

. Plants," Appendix IV, " Control Systems", USNRC, January 1980,

2, NUREG 0635, " Generic Evaluation of Feedwater Transients and Small
Break Loss of Coolant Accidents in Combustion Engineering Designed
Operating Plants," Appendix IV, " Control Systems" USNRC, January
1980.

'

3. NUREG-1217, " Evaluation of Safety implications of Control S stems in
LWR Nuclear Power Plants," USNRC Division of Engineering, A 11988.

4. NUREG/CR 3958, " Effects of Control System Failures on Transients,
Accidents and Core Melt Frequencies at a Combustion Engineering
Pressurized Water Reactor," Battelle Memorial Institute, Pacific Northwest
Laboratories, March 1986.

5. NUREG/CR-4262, Volumes 1 and 2," Effects of Control System Failures on
Transients and Accidents at a General Electric Boiling Water Reactor," EG&G
Idaho,Inc., May 1985 (Vol 1 and 2).

i
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6. NUREG/CR-4326, Volumes 1 and 2," Effects of Concol System Failures on
- Transients and Accidents at a 3 Loop Westinghouse Pressurized Water
Reactor," EG&G Idaho, Inc., Augut*,1985 (Vol.1), Ovober 1985 (Vol. 2).

7. NUREG/CR-4449, "A PWR Hybrid Computer Model for Assessing the
Safety implications of Control Systems," Oak Ridge National Laboratory,
March 1986.

C7.4 ANNUNCIATOR AND DISPLAY SYSTEMS

1. NUREG/CR 1440, EGO.EA-5153," Light Water Reactor Status Monitoring
During Accident Conditions," Sandia National Laboratories, June 1980.

2. NUREG/CR 2147, " Nuclear Control Room Annunciators: Problems and
Recommendations," EG&G Idaho, Inc., September 1981.

3. NUREG/CR-3003," Human Engineering Design Considerations for Cathode'

Ray Tube Generated Displays," EG&G Idaho, Inc., July 1983.-

4. NUREG/CR-3557, "CRT (Cathode Ray Tube) Display Evaluation: The
Checklist Evaluation of CRT-Generated Displays, EG&G Idaho, Inc.,
December 1983.

5. NUREG/CR 3621, " Safety System Status Monitoring," Battelle Pacific
Northwest Laboratory, March 1984.

6. NUREG/CR 3987," Computerized Annunciator Systems," Battelle Human
Affairs Research Centers, June 1985.

7. NUREG/CR-4227," Human Engineering Guidelines for the Evaluation and
Assessment of Video Display Units," EG&G Idaho, Inc., July 1985.

8. NUREG/CR 4463, " Human Factors in Annunciator / Alarm Systems:
Annunciator Experiment Plan I," Sandia National Laboratories, May 1986.

9. EPRI NP-3448, Volumes 1 to 3, "A Procedure for Reviewing and improving
Power Plant Alarm Systems," MPR Associates,Inc., April 1984.

10. EPRI NP-4361," Power Plant Alarm Systems: A Survey and Recommended
,

goach for Evaluating Improvements," MPR Associates, Inc., December
i

C8. ELECTRIC POWER SYSTEMS

C 8.1 ELECTRIC POWER SYSTEMS, GENERAL

1. NUREG-0588, Revision 1, " Interim Staff Position on Environmental
Qualification of Safety-Related Electrical Equipment," USNRC Division of
Safety Technology, July 1981.

2. NUREG-0807,"An Analysis of Licensee Event Reports Related to Nuclear
Generating Station Onsite Electrical System Malfunctions 1976-1978,"
USNRC, July 1981.
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3. NUREG/CR 2314. " Aging With Respect to Flammability and Other !

Pmpenies in Fire Retarded Ethylene Propylene Rubber and Chlorosulfonated
Polyethylene," Sandia National Laboratones, April 1982. ;

4. NUREG/CR 2553, " Ethylene Propylene Cable Degradation During LOCA
Research Tests: Tensile properties at the Completion of Accelerated Aging,"
Sandia National Laboratories, July 1982. j;

i

5. NUREG/CR-3063, "A Summary of the Plant Electrical Systems (PES) I
Study " Sandia National Laboratories, March 1983. j

!
6. NUREG/CR 3069, " Interaction of Electromagnetic Pulse With Commercial i

Nuclear Power Plant Systems," Sandia National Laboratories, Febr.iary !
1983.

7. NUREG/CR 3270, " Investigation of Electromagnetic Interference (EMI) |levels in Commercial Nuclear Power Plants," Lawrence Livermore
Laboratory, August 1983. i

!

8. NUREG/CR-3532 "Resbonse of Rubber Insulation Materials toMonoenergetic Electron Irr lations," Sandia National Laboratories, January l

1984.
,

|
9. NUREG/CR 3538,"The Effect of LOCA Simulation Precedures on Ethylene

'

,

Propylene Rubber's Mechanical and Electrical Properties," Sandia National
Laboratories, November 1983. !

E

10. NUREG/CR.3808, " Aging Seismic Correlation on Class IE Equipment," !
Sandia National Laboratories, October 1984. *

,

11. NUREG/CR-3956, "In Situ Testing of the Shippingport Atomic Power ,

Station Electrical Circuits," EG&G Idaho, Inc., Apnl 1987. .|

12. NUREG/CR-4537, " Summary Report: Electrical Equipment Performance i
Under Severe Accident Conditions (BWR/ Mark I Plant Analysis)," Sandia
National Laboratories, September 1986. ;

13. NUREG/CR-4659, Volume 2, " Seismic Fragility of Nuclear Power Plant :

Components, Phase II," Brookhaven National Laboratory, January 1988,

14. NUREG/CR 5031, " Significance of In Structure Generated Motion in
L Seismic Qualification Tests of Cabinet Mounted Electrical Devices," EG&G

,

Idaho, Inc., July 1988.

15, USNRC Generic Letter 82 09, " Environmental Qualification of Safety ;

Related Electrical Equipment," 1982.

16. USNRC Inspection and Enforcement Bulletin No. 79-01, " Environmental !
Qualification of Class 1E Equipment," February 1979 (Main Report), June r

1979 (Supplement A), January 1980 (Supplement B).

17. EPRI NP-3357, " Condition Monitoring of Nuclear Plant Electrical i

Equipment," NUTECH Engineering, Inc., February 1984.
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18. EPRI NP 5000, " Sealing of Nuclear Plant Electrical Equipment," Wyle
Laboratories, January 1987.

19. EPRI NP 5024, "Scismic Ruggedness of Aged Electrical Components,"
Wyle Laboratories, January 1987. .j

i

20. NSAC 058, "A Guide to Qualification of Electrical Equipment for Nuclear
Power Plants," Baltimore Gas & Electric Company, September 1983.

21. EGG REQ 7227, " Identification of Aging Root Causes of Component
Failures for Service Water and Class IE Electrical Power Distribution i

Systems," EG&G Idaho, Inc., July 1986. j
i

C8.2 AC ELECTRIC POWER SYSTEMS >

t

1. NUREG 0316. " Alternative Electrical Transmission Systems and Their 1

Environmental Impact," Battelle Pacific Northwest Laboratory, August 1977. )

2. NUREG 1032," Evaluation of Station Blackout Accidents at Nuclear Power -)
Plants," USNRC Office of Nuclear Regulatory Research and Office of

,

Nuclear Reactor Regulation, June 1988. ;

'
3. NUREG 1109, " Regulatory /Backfit Analysis for the Resolution of

Unresolved Safety Issue A 44, Station Blackout," USNRC Office of Nuclear *

Regulatory Research and Office of Nuclear Reactor Regulation, June 1988.
,

4. NUREG/CR 1464, " Review of Nuclear Power Plant Offsite Power Source ;

Reliability and Related Recommended Changes to NRC Rules and |
Regulations," Oak Ridge National Laboratory, May 1980. -

5. NUREG/CR 2989," Reliability of Emergency AC Power Systems at Nuclear
Power Plants," Oak Ridge National Laboratory, July 1983. :

6. NUREG/CR 3226," Station Blackout Accident Analyses (Part of NRC Task
Action Plan A-44)," Sandia National Laboratories, May 1983. !

.

7. NUREG/CR-3992, " Collection and Evaluation of Complete and Partial
Losses of Off Site Power at Nuclear Power Plants," Oak Ridge National i

Laboratory, February 1985. ;

8. NUREG/CR 5032, "Modeling Time to Recovery and Initlaring Event
Frequency for Loss of Offsite Power incidents at Nuclear Power Plants,"
Sandia National Laboratories, January 1988.

;

9. EPRI NP-2301, " Loss of Offsite Power at Nuclear Power Plants: Data and
Analysis," March 1982. ,

10. EPRI NP-2849, " Nuclear Plant Response to Grid Electrical Disturbances,"
EDS Nuclear,Inc., February 1983.

11. NSAC-080, " Losses of Off Site Power at U.S. Nuclear Power Plants - All i

Years 'Ihrough 1983," Electric Power Research Institute, July 1984.

>
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12. NSAC-085, "lesses of Offsite Power at U.S. Nuclear Power Plants - All !
Years Through 1984," Electric Power R: search Institute, June 1985, i

!

13. NSAC 103, " Losses of Off Site Power at U.S. Nuclear Power Plants - All i

Years Through 1985," Electric Power Research Institute, May 1986. i
14. NSAC-Il1, " Losses of Off Site Power at U.S. Nuclear Power Plants, All I

Years Through 1986," Electric Power Research Institute, May 1987. -

CH.3 DC ELECTRIC POWER SYSTEMS :

1. NUREG-0305, " Technical Report on DC Power Supplies in Nuclear Power ;

Plants," USNRC, July 1977. !

2. NUREG 0666, "A Probabilistic Safety Analysis of DC Power Supply
Requirements for Nuclear Power Plant," USNRC, April 1981. #

3. NSAC 048, " Workshop on Vital DC Power," Electric Power Research
,

Institute, May 1982.
:
>

4. llagen, E. W., " Technical Note: A Probabilistic Safety Analysis of D C
Power Supply Requirements for Nuclear Power Plants," Nuclear Safety. Vol. ;
23, No.1, January February 1982.

,

C9. AUXILIARY SYSTEMS
*
,

C 9.1 FUEL STOR?.GE AND IIANDLING SYSTEMS

1. NUREG 0575. Volumes 1 to 3, " Final Generic Environmental Impact
Statement on liandling and Storage of Spent Light Water Power Reactor
Fuel," USNRC, August 1979.

!
'

2. NUREG 1353," Regulatory Analysis for the Resolution of Generic issue 82,
Beyond Design Basis Accidents in Spent Fuel Pools," USNRC Division of
Safety Issue Resolution, April 1989. '

3. NUREG/CR-0649, " Spent Fuel licatup Following Loss of Water During )
Storage," Sandia National Laboratories, May 1979,

i

4. NUREG/CR-1223," Dry Storage of Spent Nuclear Fuel, Preliminary Survey !.

of Existing Technology and Experience," Exxon Nuclear Idaho, Apnl 1980.
,

5. NUREG/CR 2704, "U.S. Reactor Spent Fuel Storage Capabilities," Nuclear t
Assurance Corp., June 1982.

6. NUREG/CR-3658, " Considerations Relevant to the Dry Storage of LWR
Fuel Rods Containing Water," llanford Engineering Development '

Laboratory, June 1984.
!

7. NUREG/CR 3708, " LWR Spent Fuel Dry Storage Behavior at 229 C,"
Westinghouse Electric Corporaticn, EG&G, Inc., July 1984.

,
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8. NUREG/CR 4056," Particulate and Gas Release From Light Water Reactor
(LWR) Fuel Rods Stored in Inert and Dry Air Atmospheres," EG&G Idaho,
Inc., January 1985.

9. NUREG/CR-4074, "The Performance of Defected Spent LWR Fuel Rods in
Inert Gas and Dry Air Storage Atmospheres," EG&G Idaho, Inc., January
1985.

10. NUREG/CR 4084, " Dry Spent Fuel Storage Test Plan for Destructive Fuel
Rod Examinations," EG&G Idaho, Inc. April 1985.

I1. NUREG/CR-434!, " Investigation of the Stability of LWR Spent Fuel Rods
Below 250'C," E'J&G Idaho, Inc. September 1985,

12. NUREG/CR-4982, " Severe Accidents in Spent Fuel Pools in Support of
Generic Safety Issee 82," Brookhaven National Laboratory, July 1987.

13. NUREG/CR 5176,"Scismic Failure and Cask Drop Analyses of the Spent
Fuel Pools at Two Representative Nuclear Power Plants," Lawrence
Livermore National Laboratory, January 1989.

14. NUREG/CR 5281, "Value/ Impact Analysis of Accident Preventive and
Mitigative Options for Spent Fuel Pools," Brookhaven National Laboratory,
March 1989.

15. USNRC Inspection and Enforcement Bulletin No. 78-08, " Radiation Levels
From Fuel Element Transfer Tubes," 1978.

16. USNRC Inspection and Enforcement Bulletin No. 84-03, " Refueling Cavity
Water Seal,' August 1984.

17. USNRC Inspection and Enforcement Bulletin No. 89 03, " Potential less of
Required Shutdown Margin During Refueling Operations," 1989.

118. EPRI NP-4561, " Fuel and Pool Component Performance in Storage Pools,"
Battelle Pacific Northwest laboratories, May 1985.

19. EPRI NP-4619. " Decay Heat Measurements and Predictions of BWR Spent
Fuel," Battelle Pacific Northwest Laboratories, June 1986.

20. EPRI NP 4724, " Behavior of High Density Spent Fuel Storage Racks,"
Battelle Pacific Northwest Laboratories, August 1986.

C9.2 SERVICE WATER AND ULTIMATE HEAT SINK SYSTEMS 1

i

1. NUREG-0693, " Analysis of Ultimate Heat Sink Cooling Ponds," November
1980.

2. NUREG-0733, " Analysis of Ultimate Heat Sink Spray Ponds," USNRC,
August 1981.

3. NUREG 0858, " Comparison Between Field Data and Ultimate Heat Sink
Cooling Pond and Spray Pond Models," USNRC Division of Engineering,
September 1982.
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4. NUREG 1275, Volume 3, " Operating Experience Feedback Report - Service i

Water System Failures and Depadauons," USNRC Office for Analysis & !

Evaluation of Operational Data, November 1988.

5. NUREGiCR-0008, " Thermal Performance Measurements on Ultimate Heat
Sinks Cooling Ponds," Battelle Pacific Northwest Laboratory, February |1978.

6. NUREG/CR-0548, " Ice Blockage of Water Intakes," Cold Regions Research
& Engineering Laboratories,1979.

7

7. NUREG/CR 2514, " Ultimate Heat Sink Thermal Perfonnance and Water
Utilization Measurements on Cooling and Spray Ponds," Battelle Memorial 5

Institute, Pacific Nonhwest Laboratory, February 1982, o

8. NUREG/CR-2596, " Zone Matching Methodology for Slot Jets in Water,

Bodies," Oak Ridge National Laboratory, October 1983. ;

9. NUREG/CR-2797, " Evaluation of Events Involving Service Water Systems !

in Nuclear Power Plants," Oak Ridge National Laboratory, November 1982.

10. NUREG/CR 2806, "A Kinetic Model for the Chlorination of Power Plant I
Coosing Waters," Nonh Carolina, University of Chapel Hill, January 1983.

I1. NUREG/CR 3054, "Closcout of IE Bulletin 8103: Flow Blockage of
Cooling Water to Safety System Components by Corbicula," Parameter Inc., ,

June 1984. I

12. NUREG/CR 3963, "Closcout of IE Bulletin 83 03: Check Valve Failures in i
Raw Water Cooling Systems of Diesel Generators," Parameter Inc.,

. November 1986.
i

13. NUREG/CR-4070, Volume 1, " Bivalve Fouling of Nuclear Power Plant
Service-Water Systems," Battelle Memorial Institute, Pacific Northwest
Laboratories, December 1984. :

'

14. NUREG/CR-4626, Volumes 1 and 2, " Improving the Reliability of Open-
Cycle Water Systems," Battelle Memonal Institute, Pacific Northwest
Laboratories, September 1986 (Vol 1), March 1987 (Vol 2).

| 15. NUREG/CR-4651, Volume 2,," Development of Ri ra Design Criteria b''

Riprap Testing in Flumes," Colorado State Universi y, Oak Ridge Nationa
i

Laboratory, May 1987 (Vol 1), September 1988 (Vol 2). '

i
16. NUREG/CR 5210 " Technical Findings Document for Generic Issue $1:

Improving the Reliability of Open-Cycle Service Water Systems," Battelle -
.

Memorial Institute, Pacific Non1 west Laboratory, August 1988.
,

'

:
! 17. NUREG/CR 5234, "Value/ Impact Analysis for Generic Issue 51: Improving '

the Reliability of Open-Cycle Service-Water Systems," Battelle Memorial '

Institute, Pacific Nonhwest Laboratory, February 1989.
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18. NUREG/CR 5379, Volume 1," Nuclear Plant Service Water System Aging
Degradation Asr.essment," Memorial Institute, Pacific Northwest Laboratory,

,

June 1989.

19. USNRC Inspection and Enforcement Bulletin No. 79-24 " Frozen Lines,"
1979.

[- 20. USNRC Inspection and Enforcement Bulletin No. 8103, " Flow Blockage of
Cooling Water to Safety System Compnents by Corbicula Sp. (Asiatic
Clam) and Mytilus Sp. (Mussel)," April 1981.

e

21. USNRC Inspection and Enforcement Bulletin No. 83-03, " Check Valve
Failures in Raw Water Cooling Systems of Diesel Generators," March 1983.

22. EPRI CS 5170, " Intake Operation for Deep Cooling Reservoirs,"
Massachusetts Institute of Technology, April 1987.

23. EPRI CS 5171 " Analysis of Evaporation Data From 11cated Ponds,"
Massachusetts Institute of Technology, April 1987.

24. EGG REQ 7227, " Identification of Aging Root Causes of Component
Failures for Service Water and Class IE Electrical Power Distribution
Systems," EG&G Idaho, Inc., July 1986.

C9.3- COMPONENT COOLIhG WATER SYSTEMS

1. NUREG/CR 5052, " Operating Experience and Aging Assessment of
Com pnent Cooling- Water Systems in Pressurized Water Reactors,"
En>oihaven National Laboratory, July 1988.

C9.4 INSTRUMENT AND SER71CE AIR OR GAS SYSTEMS

1.- NUREG/CR 2796, ORNL/NSIC-206 " Compressed Air and Backup
Nitrogen Systems in Nuclear Power Plants " Oak Ridge National Laboratory,
July : 982.

2. NUREG/CR 3551, " Safety implications Associated With In Plant
Pressurized Gas Storage and Distribution Systems in Nuclear Power Plants,"
Oak Ridge National Laboratory, May 1985.

3. NUREG/CR 3960,"Closcout ofIE Bulletin 80-01: Operability of Automatic
Depressurization System (ADS) Valve Pneumatic Supply," Parameter,Inc.,
June 1986.

C9.5 IIEATING, VENTILATING, AND AIR CONDITIONING
(IIVAC) SYSTEMS AND AIR CLEANING SYSTEMS

1. NUREG 0570, " Toxic Vapor Concentrations in the Control Room Following
a Postulated Accidental Release," USNRC,1979.

2. NUREG/CR-0025, " Effects of Weathering on Impregnated Charcoal
Performance," Naval Research Laboratory, March 1978.

,
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3. NUREG/CR 0636,' " Nuclear Power Plant Fire Protection Ventilation
(Subsystems Stedy Task 1)," Sandia National Laboratories, September 1979.

4. NUREG/CR 1741, "Models for the Estimation of Incapacitation Times
Following Exposure to Toxic Gases or Vapors," Sandia National
Laboratones, December 1980.

5. NUREG/CR 3786, "A Review of Regulatory Requirements Governing
Control Room Habitability Systems," Sandia Natione Laboratories, August
1984.

6. NUREG/CR-3787, " Effectiveness of Engineered Safety Feature (ESP)
Systems in Retaining Fission Products," Battelle Pacific Northwest
Laboratory, August 1984.

7. NUREG/CR-4191 " Survey of Licensee Control Room Habitability
Practices," Argonne National Laboratory, April 1985.

8. NUREG/CR 4960, " Control Room Habitability Survey of Licensed -
Commercial Nuclear Power Generating Stations," Argonne National
Laboratory, October 1988.

9. NUREG/CR-5055, " Atmospheric Diffusion for Control Room Habitability
Assessments," Battelle Memorial Institute, Pacific Northwest Laboratory,
May 1988.

10. USNRC Inspection and Enforcement Bulletin No. 75 07, " Emission of
Conosive Gases into Ventilation System Filtered by HEPA Filters," 1975.

11. USNRC Inspection and Enforcement Bulletin No. 78 07, " Protection
Afforded by Air Line Respirators and Supplied Air Hoods," 1978.

12. ERDA 76 21, " Nuclear Air Cleaning Handbook: Design, Construction, and
Testing of High Efficiency Air Cleaning Systems for b uclear Applications",
(Revision of ORNL-NSIC-65) Oak Ridge National Laboratory,1976.

13. ORNL NSIC-25, " Air Cleaning as an Engineered Safety Feature in Light
> Water Cooled Power Reactors,' Oak Ridge National Laboratory, September
1968.

14. ORNL NSIC-65," Design, Construction, and Testing of High Efficiency Air
Cleaning Systems for Nuclear Applications". Oak Ridge National Laboratory,
January 1970,

15. First, M.W., and Hum)hrey, G., " Aerosol Filtration", Nuclear Safety. Vol.
23, No. 2, pp.167 to 132, March - April 1982

- 16. Moeller, D. W. " Current Challenges in Air Cleaning at Nuclear Facilities,"
Nuclear Safety. Vol.18, No.5, pp 633 to 646, September - October 1977.

17. Moeller, D. W. " Failures in Air Moraoring, Air-Cleaning and Ventilation
Systems in Commercial Nuclear Power Plants (Jan.1,1975 - June 30,
1978)," Nuclear Safety, Vol. 20, No. 2, pp 176 to 188, March - April 1979. :
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18. Moeller, D. W, " Failures in Air Cleaning, Air-Monitoring and Ventilation
Systems in Commercial Nuclear Power Plants 1978 - 1981," Nucient Enferv,
Vol. 24, No. 3, pp 352 to 371, May - June 1983. 3
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C9.6 FIRE PROTECTION SYSTEMS |
1

1. NUREG/CR-0636, " Nuclear Power Plant Fire Protection - Ventilation ;

(Subsystems Study Task 1)," Sandia National Laboratories, September 1979. ;

2. NUREG/CR 1798, " Acceptance and Verification for Early Warning Fire
Detection Systems," Brook naven National Laboratory, March 1981. ;

3. NUREG/CR-2269, "Probabilistic Models for the Behavior of Compartment
Fires," University ofI.os Angeles, August 1981.

4. NUREG/CR 2377, " Tests & Criteria for Fire Protection of Cable :
*

Penetrations," Sandia National Laboratories, April 1982.

5. NUREG/CR 2409, " Requirements for Establishing Detector Siting Criteria in [
Fires Involving Electrical Materials," Sandia National Laboratories, 1

September 1982.

6. NUREG/CR 2431, " Burn Mode Analysis of Horizontal Cable Tray Fires,"
Sandia National Laboratories, April 1982,

7. NUREG/CR-2658," Characterization of Combustion Products: A Review of
the Literature," Battelle Pacific Northwest Laboratory, July 1983.

8. NUREG/CR 3192, " Investigation of Twenty-Foot Separation Distance as a
Fire Protection Method as Specified in 10CFR50 Appendix R," Sandia
Netional Laboratorics, October 1983.

9. NUREG/CR-3656, " Evaluation of Suppression Methods for Electrical Cable
Fires,'' Sandia National Laboratories, October 1986.

|
10. NUREG/CR-4230," Probability Based Evaluation of Selected Fire Protection

j Features in Nuclear Power Plants," Brookhaven National Laboratory, May
| 1985.

I1. NUREG/CR-4231, " Evaluation of Available Data For Probabilistic Risk
Assessments (PRA) of Fire Events at Nuclear Power Plants," Brookhaven
National Laboratory, Factory Mutual Research Corp., May 1985.

12. NUREG/CR-4310, " Investigation of Potential Fire Related Damage to i

Safety Related Equipment in Nuclear power Plants," NUS Corporation,
Sandia National Laboratories, November 1985.

13. NUREG/CR 4479, "The Use of a Field Model to Assess Fire Behavior in
Complex Nuclear Power Plant Enclosures," Brookhaven National
Laboratory, December 1985.

14. NUREG/CR-4527, Volumes 1 and 2, "An Experimental Investigation of i

Internally Ignited Fires in Nuclear Power Plant Control Cabinets," Sandia
National Laboratories, April 1987 (Vol 1), November 1988 (Vol 2).
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15. NUREG/CR-4570,"Descri tion and Testing of an Apparatus for Electricall |
Initiated Fires Through Simulation of a Faulty Connection," Sandia Nationb '

Laboratories, June 1986.
,

16. NUREG/CR-45%, " Screening Tests of Representative Nuclear Power Plant '

Cornponents Exposed to Secondary Environments Created by Fires," Sandia >

National Laboratories, June 1986.

17. NUREG/CR-4679, " Quantitative Data on the Fire Behavior of Combustible {
Materials Found in Nuclear Power Plants," Sandia National Laboratories, i
February 1987.

18. NUREG/CR 4680, " Heat and Mass Release for Some Transient Fuel Storage fFires," Sandia bdonal Laboratories, October 1986.

19. NUREG/CR 5088, " Fire Risk Scoping Study: Investigation of Nuclear
Power Plant Fire Risk, Including Previously Unaddressed Issues," Sandia ;

National Laboratories, January 1989.
I

20. NUREG/CR 5233,"A Computer Code for Fire Protection and Risk Analysis
of Nuclear Plante " Research Corporation, September 1988.

21. USNRC Generic 1.ctter 82 21, " Technical Specifications for Fire Protection
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L 22. EPRI NP 2751, " Fire Tests in Ventilated Rooms: Detection of Cab'c Tray
and Exposure Fires," Factory Mutual Research Corp., February 1983.
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25. EPRI NP 5025, " Guidelines for Designing Fire Protection Systems for Cable !
Trays," Impell Corporation, January 1987. 2

E C10. STEAM AND POWER C'ONVERSION SYSTEM

C 10.1 SECONDARY COOLANT SiSTEM, GENERAL

1. NUREG/CR-5007, " Prediction and Mitigation of Erosive-Corrosive Wear in
Secondary Piping Systems of Nuclear Power Plants," Massachusetts Institute
of Technology, September 1987.

2. NUREG/CR 5244, " Evaluation of Non-Radiological Water Chemistry at
'

Power Reactors," Brookhaven National Laboratory, May 1989.

3. EPRI NP-2294, " Guide to the Design of Secondary Systems and Their
Components to Minimize Oxygen Induced Corrosion, Bechtel Group,Inc.,
March 1982.
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4. EPRI NP 2656," Evaluation and Categorization of Secondary, System Layup'

and Cleanup Practices for PWR Plants," Westinghouse Electne Corporation,
,

December 1982.

5. EPRI NP-2704-SR, "PWR Secondaiy Water Chemistry Guidelines," Electric'

Power Research Institute, October 1982.

6. EPRI NP-3020," Evaluation and Improvement of PWR Secondary System
Oxygen Control Measures," Westinghouse Electric Corporation, July 1983.

7. EPRI NP-4698, "Indus Wide Survey of PWR Organtes," Westinghouse
Electric Corporation, Jul 1986,

8. EPRI NP 5056 SR, Revision 1. "PWR Secondary Water Chemistry
Guidelines, Electric Power Research Institu'.e, March 1987.

C 10.2 MAIN STEAM SYSTEM

1. NUREG/CR 1438, " Steam Line Dynamics," Drookhaven National
Laboratories, September 1980.'

2. USNRC Inspection and Enforcement Bulletin No. 71-1, "Pallure of a Main
Steam Isolauon Valve to Close at BWR," 1971.

3. USNRC Inspection and Enforcement Bulletin No. 713, " Performance of
Steam Line Pressure Relief Valve Headers," 1971.

4. EPRI NP-3927, " Evaluation of a Moisture Removal Device for Turbine
Steam Piping," Gilbert Associates,Inc., April 1985.

5. EPRI NP 3944," Erosion / Corrosion in Nuclear Plant Steam Piping: Causes
and Inspection Program Guidelines," Technicon Enterprises, Inc., April
1985.

6. EPRI CS-4774, " Guidelines for the Evaluation of Scam Welded Steam
Pipes," J.A. Jones Applied Research Company, February 1987.

C 10.3 CONDENSATE SYSTEM

1. EPRI NP 2978, " State of the Art Evaluation of Condensate Polisher
Performance," Babcock & Wilcox, April 1983.

2. EPRI NP 3046, " Evaluation of Condensate Polishers," Combustion
Engineering,Inc., June 1983.

3. EPRI NP-4550, " Condensate Polishers for Brackish Water Cooled PWRs,"
Central Electricity Generating Board, England, Gibbs & Hill, Inc., NWT
Corporation, July 1986.

~ 4. EPRI NP 4552, " Deaeration of Makeup Water for LWRs," Gibbs & Hill,

l,
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Inc., June 1986.

5. EPRI NP-4553, "Sidestream Condensate Polishing for PWRs," Bechtel
Power Corporation, June 1986.
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C10,4 MAIN FEEDWATER SYSTEM

1. NUREG 0312, " Interim Technical Report on BWR Feedwater and Control
Rod Driver Retum Line Nozzle Cracking," USNRC, July 1977.

2. NUREG 0611, " Generic Evaluation of Feedwater Transients and Small
Break Loss of Coolant Accidents in Westinghouse Designed Operating
Plants," Appendix II, " Main Feedwater Systems in Westinghouse Designed
Operating Reactors", USNRC, January 1980.

3. NUREG-0619,"BWR Feedwater Nozzle and Control Rod Drive Return Line
Nozzle Cracking," USNRC,1980.

4. NUREG-0635, " Generic Evaluation of Feedwater Transients and Small
Break Loss of Coolant Accidents in Combustion Engineering Designed
Operating Plants," Appendix II, " Main Feedwater Systems in C-E Designed
Plants", USNRC, January 1980.

5. NUREG/CR-1603," Evaluation of Cracking in Feedwater Piping Adjacent to
the Steam Generators in Nine Pressurized Water Reactor Plants," Lawrence
Livermore National Laboratory, October 1980.

6. NUREG/CR 5149, " Erosion-Corrosion of PWR Feedwater Piping Survey of
Experience, Design, Water Chemistry and Materials," Argonne National
Laboratory, Jonas, Inc., June 1988.

7. USNRC Inspection and Enforcement Bulletin No. 7913,s" Cracking in
Feedwater System Piping," October 1979.

8. EPRI FP 754, " Survey of Feed Pump Outage," Electric Power Research
Institute," April 1978.

9. EPRI NP-4057, Volumes 1 to 3, " Nuclear Plant Feedwater Heater
Handbook," Heat Exchanger Systems, Inc., June 1985.

10. EPRI NP-5502, " Requirement and Design Specifications of a BWR Digital
Feedwater Control System," Science Applications International Corporation,
November 1987.

CIO,5 CIRCULATING WATER (MAIN CONDENSER COOLING
WATER) SYSTEM

1. NUREG/CR-0548, " Ice Blockage of Water Intakes," Cold Regions Research
& Engineering Laboratories,1979.

2. NUREG/CR 0989 "The Visual Aesthetic Imaact of Alternative Closed
Cooling Systems," Battelle Pacific Northwest La wratory, April 1980.

3. NUREG/CR 2596, " Zone Matching Methodology for Slot Jets in Water
Bodies," Oak Ridge National Laboratory October 1983.

4. NUREG/CR-2806, "A Kinetic Model for the Chlorination of Power Plant
Cooling Waters," North Carolina, University of Chapel Hill, January 1983.
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' - 5. NUREG/CR-4626, Volumes 1 and 2, " improving the R'; liability of Open.
Cycle Water Systems,". Battelle Memorial Institute, Pacific Northwest
Laboratories, September 1986 (Vol 1), March 1987 (Vol 2).

6. NUREG/CR-4651. Volumes 1 and 2, " Development of Riprap Design - i

Criteria by Riprap Testing in Flumes," Colorado State University, May 1987 |
(Vol 1), Oak Ridge National Laboratory, September 1988 (Vol 2).

7. USNRC Inspection and Enforcement Bulletin No. 81-03, " Flow Blockage of ,

'

Cooling Water to Safety System Compnents by Corbicula Sp. (Asiatic
Clam) and Mytilus Sp, (Mussel)," April 1.981.

8. AN!/WR-78 5,"An Assessment of Once-Through Cooling Attemative for !
Central Steam Electric Generating Stations", Argonne National Laboratory, i

December 1978 l
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| Dl, INTRODUCTION
nis appendix is a bibliography of nuclear power plant component .

teferences. De references are organized in the following general categories:

Components, general-

Fluid system components.

Instrumentation and control system components-

Electric power system components-

Prime movers (ie, diesel generators, electric motors, steam turbines)-

Heating, ventilating and air-conditioning (HVAC) and air cleanup system-

Mechanical components (airlocks, cranes, component supports anc*-

restraints, thermal insulation, fasteners)

The complete organization of this bibliography is listed in the Table of Contents. Three
other bibiiographics provide additional references as follows: "

Appendix A: Bibliograp of general PWR and BWR references-

Appendix B: Bibliograp of plant specific references-

Appendix C: Bibliograp of nuclear power p! ant component references-

D2, COMPONENTS, GENERAL

1. NUREG/CR 0942, " Nuclear Plant Reliability Data System 1978 Annual
Reports of Cumulative System and Component Reliability," Southwest
Ressh '~dtute, September 1979.

2. NUREG/CR 1635, " Nuclear Plant Reliability Data System,1979 Annual
Report of Cumulative System and Component Rellability," Southwest
Research Institute, September 1980.

3. NUREG/CR 2232, " Nuclear Plant Reliability Data System 1980 Annual
Reports of Cumulative System and Component Reliability," Southwest
Research Institute, September 1981.

4. NUREG/CR-3137, " Seismic and Dynamic Qualification of Related Electrical
.and Mechanical Equipment," Brookhaven National Laboratory, March 1986.

5. NUREG/CR-3266, " Seismic & Dynamic Qualification of Safety-Related
Electrical and Mechanical Equipment in Operating Nuclear Power Plants,"
Brookhaven National Laboratory, September 1983.

6. NUREG/CR 3558, " Handbook of Nuclear Power Plant Seismic Fragilities,"
Lawrence Livermore National Laboratory, June 1985.

7. NUREG/CR 4091, "The Effect of Alternative A;;ing and Accident
Simulations on Polymer Properties," Sandia National Laboratories, June
1985.

8. NUREG/CR 4147, "The Effects of Environmental Stress on Sylgard 70
Silicone Elastomer," Sandia National Laboratories, May 1985.

9. NUREG/CR-4731, Volume 1, " Residual Life Assessment of Major Light
Water Reactor Components - Overview," EG&G Idaho, Inc., June 1987.

|
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10. NUREG/CR 4747, Volumes 1 and 2, "An Aging Failure Survey of Light
Water Reactor Safety Systems and Components," EG&G Idaho, Inc., July
1988 (Vol 1 and 2).

I1. NUREG/CR-4899, " Component Fragility Research Program," Lawrence
Livermore National Laboratory, June 1987.

12. NUREG/CR 4900, Volumes 1 and 2. " Component Fragility Research
Program," Lawrence Livermore National Laboratory, Wy e Laboratories,
August 1987 (Vol 1 and 2).

13. NUREG/CR 5050, " Annotated Bibliography of Reliability and Risk Data
Sources," EG&G Idaho, Inc., March 1988.

14. EPRI NP 4615. "ASME Code, Section XI - In-Service Inspection of Nuclear
Power Plant Components, 1984 1985 Revisions and Updates," Science
Applications Intemational Corporation, June 1986.

15. EPRI NP 4889, " Status of Nuclear Class 1 Component Requalification,"
Teledyne Engineering Services, December 1986.

16. EPRI NP-4916, " Lubrication Guide," Electric Power Research Institute,
January 1987,

17. EPRI NP 5001, " Characterization of the Performance of Major LWR
Components," S.M. Stoller Corp., January 1987.

18. ALO 74, " Component Failures at Pressurized Water Reactors," Combustion
Engineering, Inc., October 1980.

19. - IEEE 500-1984, "IEEE Guide to the Collection and Presentation of Electrical,
Electronic, Sensing Component, and Mechanical Equipment Reliability Data
for Nuclear Power Generating Stations," Institute of Electrical and Electronics

. Engineers,1984.

20. EGG REQ-7213. " Summary of the Safety System Unavailability Data Base,
January 1984 to December 1985," EG&G Idaho, Inc.,' June 1986.

D3. FLUID SYSTEM COMPONENTS

D 3.1 PUMPS

D 3.1.1 PUMPS, GENERAL

1. NUREG/CR-1205 (Revision 1), EGG EA 5524, " Data Summaries of
Licensee Event Reports of Pumps at U. S. Commercial Nuclear Power
Plants, January 1,1972 to September 30, 1980," EG&G Idaho, Inc.,
January 1982.

2. NUREG/CR-2098, EGG-EA 5289, " Common Cause Fault Rates for Pumps:
Estimates Based on LERs at U. S. Commercial Nuclear Power Plants,1/1/72
Through 9/30/80," EG&G Idaho, Inc., February 1983.

s
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3. NUREG/CR 2417," identification and Analysis of Human Errors Underlying |
Pumps and Valve Related Events Reported by Nuclear Power Plant ;

Licensees," Brookhaven National Laboratory, Febmary 1982. j

4. NUREG/CR-2886, "In Plant Reliability Data' Base for Nuclear Plant
Components: Interim Data Report - The Pump Component," Oak Ridge .

National Laboratory, December 1982. |

S. NUREG/CR-3650, "A Statistical Analysis of Nuclear Power Plant Pump |
Failure Rate Variability," Los Alamos National Laboratory, April 1984. j

,

6. NUREG/CR 3914, " Pump and Valve Qualification Review Guide,"o '

Brookhaven National Laboratory, October 1985.
, ,

7. NUREG/CR-4662,"Closcout ofIE Bulletin 80-18: Maintenance of Adequate
Minimum Flow Thru Centrifugal Charging Pumps Following Secondary Side ;
High Energy Line Rupture," Parameter, Inc., January 1988.

.

8. NUREG/CR-4943," Preparation of Design Specifications and Design Re wrts :
for Pumps, Valves, Piping, and Piping Supports Used in Safety Re:ated

i
Portions of Nuclear Power Plants," Oak Ridge National Laboratory, June
1987. .

9. USNRC Ins xction and Enforcement Bulletin No. 80-18. " Maintenance of
Adequa'e Minimum Flow Thru Centrifug'al Charging Pumps Following .
Secondary Side Ifigh Energy Line Rupture, . July 1980.

10. USNRC Inspection and Enforcement Bulletin No. 83 05, "ASME Nuclear !

Code Pum iCompany,'ps and Spare Parts Manufactured by the Hayward Tyler Pump
.

May 1983.
t

11. USNRC Inspection and Enforcement Bulletin No. 88 04, " Potential Safety- ,

Related Pump Loss," 1988. '

12. EPRI NP-2379, "Model Pump Performance Program Data Report," Creare,
Inc., May 1982.

-

I13. EPRI NP-2592, ''PWR Power Plant Pump Reliability Data " Science
Applications International Corporation, September 1982,

'

14. EPRI NP 3203, "Added Mass Computation for Impellers in Nuclear Power
Pumps," Northwestern University, July 1983.

.

15. EPRI NP 4264, Volume 1, " Failures Related to Surveillance Testing of
Standby Equipment, Emergency Pumps," Mollerus Engineering Corporation,
September 1985.

,

16. EPRI NP 5529M, "An Anal,ytic Model for Pump Performance in
Condensable Two-Phase Flows, Tetra Tech, Inc., November 1987.

D 3.1. 2 REACTOR COOLANT PUMPS

1. NUREG/CR-3052, "Closcout of IE Bulletin 80-07: BWR Jet Pump
Assembly Failure," Parameter, Inc., November 1984.
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2. NUREG/CR 3928," Assessment of Reactor Coolant Pump Instrumentation in
. Support of Coolant Inventory Trend Analysis," EG&G, Inc., October 1984. ,

';

3. NUREG/CR-4077, " Reactor Coolant Pump Shaft Seal Behavior During ;
Station Blackout," Atomic Energy of Canade., April 1985.

4. NUREG/CR-4294, " Leak Rate Analysis of the Westinghouse Reactor i

Coolant Pump," Rockwell International Corporation, July 1985.
|

5. NUREG/CR-4400, "The Impact of Mechanical and Maintenance Induced |
Failures of Main Reactor Coolant Pump Seals on Plant Safety," Brookhaven !

'

National Laboratory, December 1985.

6. NUREG/CR-4544, " Reactor Coolant Pump Seal Related Instrumentation and-

-

Operator Response," Brookhaven National Laboratory, December 1986. ;

7. NUREG/CR 4821. " Reactor Coolant Pump Shaft Seal Stability During !

Station Blackout," Atomic Energy of Canada Limited (AECL), Chalk River
Nuclear Laboratories, May 1987 '

,

8. NUREG/CR-4948, " Technical Findings Related to Generic Issue 23: Reactor
Coolant Pump Seal Failure," Brookhaven National Laboratory, March,1989.

'
9. NUREG/CR-4985," Indian Point 2 Reactor Coolant Pump Seal Evaluations,"

Brookhaven National Laboratory, August 1987.
'

i10. USNRC Inspection and Enforcement Bullet n No. 80-07 and Supplement 1, ;

"BWR Jet Pump Assembly Failure," 1980. ;

1

11. USNRC Insxction and Enforcement Bulletin No. 36 02, " Static 'O' Ring j
Differential Pressure Switches," 1986. l

1

12. EPRI NP-751, " Recirculation Pump Seal Investigation," Electric Power I
Research Institute, December 1977. ;

;

13. EPRI NP Il94," Operation and Design Evaluation of Main Coolant Pumps ;

- for PWR and BWR Service," Energy Research and Consultants Corporation, !

September 1979.

14. EPRI NP 2458, " Literature Survey, Nun.crical Examples, and Recommended I

Design Studies for Main Coolant Pumps," Vibco Research, Inc., June 1982. {
l

15. EPRI NP 2611, Volume 1, " Main Coolant Pump Shaft Seal Reliability
Investigation," Borg Warner Corporation, September 1982.

16. EPRI NP 2965, Volumes 1 to 3, " Main Coolant Pump Shaft Scal = l

Guidelines," Borg Wamer Corporation, March 1983. .j

I 17. EPRI NP-3714. "The Significance of Eccentric Mountings and Elastomer
Resistance in Main Coolant Pump Face Seals," Atomic Energy of Canada,
Limited, October 1984.

1

,
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18. EPRI NP-4244," Sensitivity of a Reactor Coolant Pump Seal to Chanttes of !

Operating Conditions," Atomic Energy of Canada, Limited, September 1985, i
;

19. EPRI NP-4245, " Factors Affecting Wear Damage to Elastomer Seals in Main ;

Coolant Pump Face Seals," Atomic Energy of Canada, Limited, September
1985. )

;

20. EGG-M 21486, " Parameters Important to Reactor Coolant Pump Seal {Stability During Station Blackout," EG&G Idaho, Inc., October 24,1986.
;

D3.1.3 OTHER PUMPS 1

1. NUREG/CR 2772, " Hydraulic Performance of Pump Suction Inlets for ]
Emerge c Core Cooling S stems in Boiling Water Reactors," Alden
Researc boratory, June 19 2.

2. NUREG/CR-2792, "An Assessment of Residual Heat Removal and
;

Containment Spray Pumps Performance Under Air and Debris Ingestion :

Conditions," Creare, Inc., September 1982.

3. NUREG/CR 3049, "Closcout of IE Bulletin 7915: Deep Drrh Pamp fDeficiencies," Parameter, Inc., November 1983.
.

4. NUREG/CR-4597, Volumes 1 and 2, " Aging and Service Wear of Auxiliary !

Feedwater Pum for PWR Nuclear Power Plants," Oak Ridge National
Laboratory, Jul 1986 (Vol.1), and June 1988 (Vol. 2). ;

5. USNRC Inspection and Enforcement Bulletin No. 7915, " Deep Draft Pump '

Deficiencies," July 1979.

6. USNRC Inspection and Enforcement Bulletin No. 85-01, " Steam Binding of .

Auxiliary Feedwater Pumps," October 1985.
s

7. USNRC Inspection and Enforcement Bulletin No. 86-01, " Minimum Flo,v
'

logic Problems That Could Disable RHR Pumps," 1986

8. EPRI FP-754, " Survey of Feed Pump Outage," Electric Power Research
[ fnstitute, April 1978.

,

9. Laux, C. H,., " Auxiliary Pumps for the Primary Circuit of an 800 MW(e)
BWR," Nuclear Engineering International. July 1974, pp 585 to 589. '

' D3.2 VALVES

D 3.2.1 VALVES, GENERAL

1. NUREG/CR 0848, " Summary and Bibliography of Operating Experience '

with Valves in Light Water Reactor Nuclear Power Plants for the Period
1965-1978," Oak Ridge National Laboratory, August 1979.

2. NUREG/CR-1317 " Response of a 4 Inch Nuclear Power Plant Valve to
Dynamic Excitation," Untversity of Southem California, February 1980.
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3. NUREG/CR-1363, Volumes 1 to 3, " Data Summaries of Licensee Event i

Reports of Valves at U.S. Commercial Nuclear Power Plants From January |
1,1976 to December 31,1978," EG&G Idaho, Inc., May 1980 (Vols. I to

,
*

..

3)."

.

4. NUREG/CR 1644, " Response of a 6-Inch Nuclear Power Plant Valve to ,

IDynamic Excitation," University of Southem California, November 1980.

5. NUREG/CR 2M7," Identification and Analysis of Human Errors Underlying
Pumps and Va?ve Related Events Reported by Nuclear Power Plant !

Licensecs," BrooG ven National Laboratory, February 1982. -

5. NUREG/CR 2770, EGG EA 5485," Common Cause Fault Rates for Valves .
|

! - Estimates Based on LERs at U. S. Commercial Nuclear Power Plants,1976 !

- 1980," EG&G Idaho, Inc., February 1983. ,
'

7. NUREG/CR 3050,"Closcout ofIE Bulletin 81-02 and Supplement: Failure ;
of Gate-Type Valves to Close Against Differential Pressure, Parameter,Inc.,L

September 1983. j
'

8. NUREG/CR-3154, "The In plant Reliability Data Base for Nuclear Plant
Components: Interim Repon - The Valve Component," Oak Ridge National
Laboratory, December 1983. ,

!. 9. NUREG/CR-3914 " Pump and Valve Qulification Review Guide,"
| Brookhaven National Laboratory, October 1985.

| 10. NUREG/CR-4217. "A Statistical Analysis of Nuclear Power Plant Valve ;

Failure Rate Variability--Some Preliminary Results," Los Alamos National '

Laboratory, July 1985. j

11. NUREG/CR-4943," Preparation of Design Specifications and Design Re mrts
*

for Pumps, Valves, Piping, and Piping Supports Used in Safety Re atedL

Portions of Nuclear Power Plants," Oak Ridge National Laborate y, June
1987. ,

12. USNRC ' Inspection and Enforcement Bulletin No. 741, " Valve
Deficiencies," January 1974'

13. USNRC Inspection and Enforcement Bulletin No. 78-04, " Environmental
Qualification of Certain Stem Mounted Limit Switches Inside Reactor
Containment," February 1978. j

14. USNRC Inspection and Enforcement Bulletin No. 80 21, " Valves Yokes '

Supplied by Malcolm Foundry Company, Inc. " November 1980. ;

15. USNRC Inspection and Enforcement Bulletin No. 81-02," Failure of Gate.
Type Valves to Close Against Differential Pressure," April 1981 (Main
Report), August 1981 (Supplement 1).

'

16. EPRI NP 2444, " Acoustic Monitoring of Power Plant Valves," Technology
for Energy Corporation, June 1982.
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i17. EPRI.NP 2560, " Valve Stem Packing Improvement Study," Stone & >

Webster Engineering Corporation, August 1982.

18. EPRI NP 3611. " Key Valves Prioritization Study," Burns & Roe, Inc.,
October 1984.

.

19. EPRI NP 3646, " Field Test Report on Manually Owrated 1 Inch Nuclear
Valves," Southern Califomia Edison Company, July 1984. -

,

20. EPRI NP-4255, "Value Stem Packing Improvements," Foster-Miller, Inc.,
February 1986.

.

21. ALO 73, " Investigation of Valve Failure Problems in LWR Power Plants," !
Burns & Roe,Inc., April 1980.

22. SAND 79 2177A," LWR Nitelear Power Plant Valve Failure Data Analysis ;
1974-1978," Sandia National Laboratories, June 1979.

|
1

23. Reyer, R. J. and Riddington, J. W., " Valve Failure Problems in LWR j
Plants," Nuclear Safety, Vol. 22, No. 2, pp 229 to 235, March - April 1981. ,

i

D 3. 2. 2 MOTOR OPERATED VALVES
;

1. NUREG 1296, " Thermal Overload Protection for Electric Motors on Safety- |
Related Motor-Operated Valves - Generic Issue II," USNRC Division of i
Engineering, June 1988. <{

}2. NUREG/CR-4234, Volume 1, " Aging and Service Wear of Electric Motor- .
i

Operated Valves Used in Engineered Safety Feature Systems of Nuclear '

. Power Plants," Oak Ridge National Laboratory, July 1985.;

,. ,
I

J. NUREG/CR 5140, "Value Impact Analysis for Extension of NRC Bulletin !
85-03 to Cover All Safety Related MOVs," Brookhaven National Laboratory,
July 1988. i

.

4. USNRC Inspection and Enforcement Bulletin No. 72-3, "Limitorque Valve|-

| Operator Failures," 1972.
-{

L 5. USNRC Inspection and Enforcement Bulletin No. 85-03, " Motor-Operated j
Valve Common Mode Failures During Plant Transients Due to Improper !

'

Switch Settings,'? Novertb 1985.
,

6. EPRI NP 4254, " Improvements in Motor Operated Valves," Foster Miller,
Inc., November 1985. i

- D3.2.3 PNEUMATIC VALVES :

1

1. EPRI NP 2381, Volume 1. " Measurements and Comparisons of Generic #

. BWR Main Steam Isolation Valves," General Electric Company, July 1982. +

'

2. EPRI NP 2454, " Comparison of Generic BWR MSIV Configurations,"
Atwood & Morrill Company,Inc., June 1982.

,
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D3.2,4 HYDRAULIC VALVES !

!

1. NUREG/CR 5291, "Closcout of IE Bulletin 80-09: Hydramotor Actuator j
Deficiencies," Parameter, Inc., June 1989. ;

. , .

2. USNRC Inspection and Enforcement Bulletin No. 80-09, "Hydramotor ;

Actuator Deficiencies," April 1980, j
!

3. Smith, D., "Electio-hydraulic Valve Actuators Give Easy Installation, Low .

Maintenance," Nucienr Enein~rine internatinnal, August 1976, pp 47 to 50. |

D3.2.5 SOLENOID VLAVES ,

>

1. NUREG/CR 3424, " Equipment Qualification Research Test Program and
Failure Analysis of Class IE Solenoid Valves," Franklin Institute / Franklin
Research Center, November 1983. ,

2. NUREG/CR 4819 " Aging and Service Wear of Solenold-Operated Valves :

Used in Safety Systems of Nuclear Power Plants," Oak Ridge National >

Laboratory, March 1987.
|

3. NUREG/CR 5008," Development of a Testing and Analysis Methodology to ,

Determine the Functional Condition of Solenoid Operated Valves," Pentek,
Inc., September 1987.

4. NUREG/CR-5141," Aging and Qualification Research on Solenoid Operated ;

Valves," Franklin Institute, August 1988.
~

5. NUREG/CR-5292, "Closcout of IE Bulletin 80-23: Failures of Solenoid
Valve:: Liiufactured by Valcor Engineering Corporation," Parameter, Inc., .

February 1989.
:

6 USNRC Inspection and Enforcement Bulletin No. 75-03, ' incorrect Lower,

Disc Spring and Clearance Dimension in Series 8300 and 8302 ASCO (
L

Solenoid Valves,'.' 1975. ,

'
7. USNRC Inspection and Enforcement Bulletin No. 7814, " Deterioration of

Buna N Components in ASCO Solenoids," December 1978.
'

8. USNRC Inspection and Enforcement Bulletin No. 80 23, " Failures of
Solenoid Valves Manufactured by Valcor Engineering Corporation,"
November 1980.

4" 9. Quail, B.M. and Carlos, W.C., " Solenoid Operated Valves for Nuclear|

Service," Power Encineerine. June 1978

D3.2.6 ' PRESSURE RELIEF VALVES

1. NUREG.0611 " Generic Evaluation of Feedwate Transients and Small
Break Loss of Coolant Accidents in Westinghouie Designed Operating
Plants," Appendix VI," Pressurizer Power-Operated Relief Valves and Safety
Valves," USNRC, January 1980.

*

|
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2. NUREG 0635, " Generic Evaluation of Feedwater Transients and Small

Break Loss of Coolant Accidents _in Combustion Engineering Designed
Operating Plants," A ppendix VI, " Pressurizer Power-Operated Relief Valves
and Safety Valves," USNRC, January 1980.

~ 3. NUREG/CR-0687, " Study of Safety Relief Valve Operation Under ATWS
Conditions," Rockwell International, March 1979 (Main Report), August
1979 (Supplement 1).

4. NUREG/CR 3794,"Closcout ofIE Bulletin 80 25: Operating Problems with
Target Rock Safety Relief Valves at BWRs," Parameter,Inc., January 1985.

5. NUREG/CR 3960,"Closcout ofIE Bulletin 80-01: OperabilWpf Automatic
Depressurization System (ADS) Valve Pneumatic Supply," Parameter. Inc.,
June 1986.

6. MUREG/CR 4692, " Operating Experience Review of Failures of Power
Operated Relief Valves and Block Valves in Nuclear Power Plants," Oak
Ridge National Laboratr ry, Professional Analysis, Inc., October 1987.

7. NUREG/CR 4999, " Estimation of Risk Reduction From improved PORV
Reliability in PWRs," Brookhaven National. Laboratory. March 1988.

,

8. USNRC Inspection and Enforcement Bulletin No. 74-14 "BWR Relief Valve
Discharge to Suppression Pool," November 1974.

9. USNRC Inspection and Erforcement Bulletin No. 74-4, " Malfunction of
Ta get Rock Safety Relief Vaives," March 1974.

10. USNRC Inspection and Enforcement Bulletin No. 76-06, " Diaphragm
Failures in Air Operated Auxiliary Actuators for Safety / Relief Valves," July -
1976.

11. USNRC Inspection and Enforcement Bulletin No. 80-01, " Operability of
.utomatic Depressurization System Valve Pneumatic Supply," 1980

12. USNRC Inspection and Enforcement Bulletin No. 80-25, " Operating
Problems with Target Rock Safety Relief Valves at BWRs," December 1980.

13. EPRI NP-2292, "PWR Safety and Relief Valve Test Program - Valve
Selection / Justification Report," MPR Associates, Inc., December 1982.

14. EPRI NP 2296, " Valve Inlet Fluid Conditions for Pressurizer Safety and
Relief Valves in Westinghouse Designed Plants," Westinghouse Electric
Corporation, December 1982.

15. EPRI NP-2318, " Valve inlet Fluid Conditions for Pressurizer Safety and
Relief Valves in tombuWon Engineering Designed Plants," Combustion
Engineering, Int, Dec.m :r 1982.

16. EPRI NP-2352, " Valve Inlet Fluid Conditions for Pressurizer Safety and
Relief Valves for B&W 177 FA and 205 FA Plants," Babcock & Wilcox,
December 1982.

I
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17L EPRI NP-2628 SR,;"EPRI PWR S,. ;ty and Relief Valve Test Program:
- Safety.and Relief Valve Test Report," Electric Power Research Institute,'

.
December 1982.-

18. EPRI NP-3332, _" Acoustic Monitoring of Nuclear Safety and Relief Valves,"
+

Babcock & Wilcox, December 1983.

i 19. EPRI NP-373.4, " Guidelines for PWR Pressure Protection System

i' . Optimiza: ion," Westinghouse Electric Corporation, October 1984.

20. = EPRI NP-4235, " Set Point Testing of Safety Valves Using Alternative Test
Methods," Crosby Valve & Gage Company, September 1985.

-21. M1 NP-4306-SR, " Safety and Relief Valves in Light Water Reactors,"
*e ric Power Research Institute, December 1985.

D3.2,7 CHECK VALVES 4

U l . NUREG/CR-3963, "Closcout of IE Bulletin 83 03: Check Valve Failures in
Raw -Water Cooling Systems of Diesel Generators," Parameter, Inc., !

November 1986.

2. NUlkEG/CR-4003, "Closcout of IE Bulletin 79 04: Incorrect Weights for# 1
Swing Check Velves Manufactured by Velan Engineering Corporation,"

i Parameter,Inc., June 1985.

3. NUREG/CR-4302, Volume 1," Aging and Service Wear of Check Valves
. Used in Engineered Safety Feature Systems of Nuclear Power Plants," Oak
' Ridge National Laboratory, December 1985.

!4.- NUREG/CR-5159, " Prediction of Check Valve Performance and Degradation"

in Nuclear Power Plant Systems," Kalsi Engineering, Inc., May 1988,

s
5. USNRC Inspection and Enforcement Bulletin No. 79 04, " Incorrect Weights ,

% ~for Swing Check Valves Manufactured by Velan Engineering Corporation," 'i
'

. March 1979.

6. USNRC Inspection arid Enforcement Bulletin No. 83-03, " Check Valve
'iL _

Failures in Raw Water Cooling Systems of Diesel Generators," March 1983,s

7. USNRC Inspection and Enforcement Bulletin No. 89 02, " Stress Corrosion -

'

Cracking of High Hardness Type 410 Stainless Steel Internal Preloaded:
Bolting m Anchor Darling Model S350W Swing' Check Valves or Valves of

I

Similar Design," 1989.<

W
8. EPRI NP-5479, " Application Guidelines for Check Valves in Nuclear Power

Plants," MPR As.;ociates, Inc., January 1988.
-

!
|

D3.3 REACTOR PRESSURE VESSELS

1. WASM 1285, " Report on the Integrity of Reactor Vessels for Light Water
Power Reactors," U. S. Nuclear Regulatory Comm ssion, January 1974.i

n
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: 2,. WASH 1318, " Technical Report on Analysis of Pressure. Vessel Statistics *
.

L from Fossil Fueled Power Plant Service and Assessment of Reactor Vessel ;
''

Reliability in Nuclear Power Plant Service," U. S. Nuclear Regulatory
'

.
.

Commission, May 1974

% - NUREG-0081, " Evaluation of the Integrity of Reactor Vessels Designed to- '

? ASME Code, Section I and/or VIII," USNRC, July 1976, -

t

.4.--NUREG-0744, Revision 1, " Resolution of the Task A ll Reactor Vessel t

Materials Toughness Safety Issue," USNRC Division of Safety Technology,:
'

October 1982. ''

d5. - NUREG-0939, " Example Calculations Illustrati: Methods for Analyzing
Ductile Flaw Stability in Nuclear Pressure V s " USNRC Division of
Safety Technology, May 1983.

.

6. .NUREG/CR-0132, Volume 2, " Stress Analysis of Cylindrical Pressure
Vessels with Closely Spaced Nozzles by the Finite-Element Method, Vessels |
with Two Nozzles Under Extemal Force and Moment Loadings," Oak Ridge !
National Laboratories, July 1978. ]

I

7. NUREG/CR-0486, " Survey of Postirradiation Heat Treatment as a Means to
Mitigate Radiation Embrittlement of Reactor Vessel Steels," Naval Research
Laboratory, April 1979.

,

8. NUREG/CR-1351, " Fatigue of Weldments in Nuclear Pressure Vessels and j
Piping," Oak Ridge National Laboratory, March 1980. '

9. NUREG/CR-2083, " Evaluation of Pressurized Thermal Shock, Initial Phase
L . of Study," Oak Ridge National Laboratory, October 1981, i
|-
'

. 10. NUREG/CR 2110, "A Critical Survey on the Application of Plastic Fracture
Sics to. Nuclear Pressure Vessels and Piping," Battelle Memorial -,

w ,me, Columbus Laboratories, May 1981. .

1
i .l. -NdREG/PR 2308, " Design Criteria for the Spacing of Nozzles and ''l

Reinf- Openings in Cylindrical Nuclear Pressure Vessels and Pipe," Oak . .!
Rid' - 1 Laboratory, March 1982. ,

'

t t:w -2780, "Fvaluation of System Requirements and Standards -
c.cie 4t for 'Ihermal Annealing of Reactor Pressure Vessels," EG&G <,

x , ' , March 1983.>

'13. hJkEG/CR-2895, "PWR Pressure Vessel Integrity During Overcooling*
.

Acc. lents: A Parametric Analysis," Oak Ridge National Laboratory, February
1983. ,

a

y 14. NNI 3/CR 3319, " LWR Pressure Vessel Surveillance Dosimetry Improve-
m:r.J rogram," Hanford Engineering Development Laboratory, May 1987.

15. NUREG/CR-33?0, Volume 3, " LWR Pressure Vessel Surveillance4

Dosimetry. Improvement Program," Hanford Engineering Development
Laboratory, October 1987. (

i.
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:16. - NUREG/CR 3384, " VISA- A Computer Code for Predicting the Probability
of Reactor Pressure Vessel Failure," Battelle Memorial Institute, Pacific
Northwest Laboratory, September 1983.

17. NUREG/CR 3671," Assessment of Radiation Effects Relating to Reactor
Pressure Vessel Cladding," Oak Ridge National Laboratory, July 1984 .m

t
18. NUREG/CR 3702, " Buoyancy Effects in Overcooling Transients Calculated

- for the NRC Pressurized Thermal Shock Study," Purdue University, May
1986.-

19: NUREG|CR 3728, "Effect of Temperature on the Stress Relaxation-

byfeve 9f a' Pressure Vessel Steel," Oak Ridge National Laboratory,
&tWxt 1984.

20. NUREG/CR-3743, ''!he hnpact of NDE Unreliability on Pressure Vessel-
Fracture Predictions," EvacHe Memorial Institute, Pacific Northwest
Laboratories, May 1984.

21. NUREG/CR-4106, " Pressurized Thermal Shod Test of 6-Inch Thick
Pressure Vessels," Oak Ridge National Laboratory, April 1985,

22.. NUREG/CR-4212, "In-Place %crmal Annealing of Nuclear Reactor Pressure-

= Vessels," EG&G, Idaho, Inc., April 1985.

' 23.' NUREG/CR-4219 (Series), _" Heavy-Section Steel Technology Program,"
Oak Ridge National Laboratory.

24. NUREG/CR-4300 (Series), " Acoustic Emission /Fla~w Relationship for In-
. Service Monitoring of Nuclear Pressure Vessels," Battelle Memorial Institute,
Pacific Northwest Laboratories, January 1987 (Vol 3, N2),' June 1987 (Vol

-

4, N1). +

25.; NUREG/CR-4307 (Series), " LWR Pressure Vessel Surveillance Dosimetry
Improvement Program," Hanford Engineering Development Laboratory,

; April 1987;,

26; NUREG/CR-4325,"A Parametric Study of PWR Pressure VesselIntegrity
During Overcooling' Accidents, Considering Both 2 D and 3 D Flaws," Oak
Ridge National Laboratory, September,1985.

.27. NUREG/CR-4383, "High Pressure Injection of-Mel'. Fr.3m.a Reactor.,

Pressure Vessel - The Discharge Phase," Sandia Natic.al Laboratories,
September 1985.

,

28. NUREG/CR-4483,t" Reactor Pressure Vessel Failure Probability Following:
Through Wall Cracks Due to Pressurized Thermal Shock Events," Battelle

!; Memorial Institute, Pacific Northwest Laboratories, April 1986.
'

.

29., NUREG/CR-4486, " Visa II - A Computer Code for Predicting the Probability
of Reactor Pressure Vessel Failure," Battelle Memorial Institute, Pacific
Northwest Laboratories, March 1986.
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f : 30. NUREG/CR-4760, " Test of 6 Inch Thick Pressure Vessels," Oak Ridge

National Laboratory, May 1987.' ' '

31; NUREG/CR-4841, " Fracture Evaluation of Surface Cracks Embedded in)*~

Reactor Vessel Cladding," Materials Engineering Associates, Inc., May 1987. -
''

.

32. NUREG/CR-4860, " Flaw Density Examinations of a Clad Boiling Water
- Reactor Pressure Vessel Segment," Oak Ridge National Laboratory,
February,1988.

33. NUREG/CR-4880, Volume 1 and 2 " Characterization ofIsradiated Current-
Practice Welds and A533 Grade B Class 1 Plate for Nuclear Pressure Vessel1

Service," Oak Ridge National Laboratory, August 1988 (Vol 1), July 1988
(Vol 2).

34.1 NUREG/CR-4888, " Pressurized-Thermal Shock Test of 6 Inch Thick
Pressure Vessels," Oak Ridge National Laboratory, December 1987.

35 NUREG/CR-4947," Analysis of the A302B and A533B Standard Reference-
- Materials in Surveillance Capsules of Commercial Power Reactors," Oak
Ridge National Laboratory, January 1988.

36. NUREG/CR-5046,"A Finite Element Analysis of a Reactor Pressure Vessel
- During a Severe Accident," Sandia National Laboratories, February 1989.-

- 37. NUREG/CR 5049, " Pressure Vessel Fluence - Analysis and Neutron
-

Dosimetry," Oak Ridge National Laboratory, December 1987.
'

'

38. 'NUREG/CR 5063,-" Development of a Mechanistic Understanding of
Radiation Embrittlement-in Reactor Pressure Vessel Steels," Materials

-

Engineering Associates,Inc., January 1988.

39. NUREG/CR-5207, " Fracture Evaluation of Surface Cracks ~ Embedded in
Reactor Vessel Cladding, Material Property Evaluations," Materialsm

Engineering Associates,Inc., September 1988.

40. NUREG/CR-5326, " Fracture Evaluation of Surface Crack's Embedded in
Reactor Vessel Cladding," Materials Engineering Associates,' Inc., March -
1989.''

n
41. USNRC Generic Letter 81-19, " Thermal Shock to Reactor Pressure Vessels,""

1981.

42. USNRC Inspection and Enforcement Bulletin-No. 7812, " Atypical Weld .
m Material in Reactor Pressure Vessel Welds," September 1978 (Main Report),
; November 1978 (Supplement A), March 1979 (Supplement B).
p'

f 43. EPRI NP-2428, " Irradiated Nuclear Pressure Vessel Steel Data Base,"

.h |
Fracture Control Corporation, June 1982..

'I 44. EPRI NP-2782, " Evaluation 'and Prediction of Neutron Embrittlement in
Reactor Pressure Vessel Materials," Naval Research Laboratory, December

'

1982.
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45. EPRI NP-3664,' " Survey of Vessel Fluence Reduction Techniques,",.

Combustion Engineering, Inc., September 1984.
'

)' '

46. EPRI NP-4043, "An Assessment of Dynamic Fracture Mechanics for the
; Analysis of Crack Arrest in a Pressurized Thermal Shock Event," Southwest ;

.,

Research Institute, May 1985.

'47.; EPRI NP-4224, Volumes 1 and 2, "Sm.dy-State Radiation Embrittlement of l
Reactor Vessels," Westinghouse Electric Corporation, September 1985 (Vol. '

11 and 2). -i
1

48. EPRI NP-4797, " Nuclear Plant Irradiated: Steel Handbook," Materials
'

Research & Computer Simulation Fracture Control Corporation, September -
1986.

H
.49. EPRI NP 5151, " Evaluation of Reactor Vessel Beltline Integrity Followmg

Unanticipated Operating Events," Novetech Corporation, April 1987.
,

50. 73-WA-NE-15, ." Pressure Vessel Reliability as-a Function of Allowable - j
Stress," American Society of Mechanical Engineers,1973, 1

,

:lD3.4 - STEAM GENERATORS
f

D 3.4.1 - - STEAM GENERATORS, GENERAL

1. NUREG 0886,' " Steam Generator Tube Experience," USNRC Division of-

-

Licensing, February .1982.

2. NUREG 0918, " Prevention and Mitigation 'o'f Steam Ge'nerator Water !
Hammer Events in PWR Plants," USNRC Division of Safety Technology,
November 1982.

3. NUREG/CR-2336, ." Steam Generator Tube Integrity Program, Phase II,"
Battelle Memorial Institute, Pacific Northwest Laboratory, August 1988. H

4. NUREG/CR-3937, " Steam Generator Tube Rupture Iodine Transport
Mechanisms," Battelle Memorial Institute,' Columbus Laboratories,' October . O
1985. jq

5. NUREG/CR-4032, " Detection of Steam Generator Tube Leaks in Pressurized
- Water Reactors," EG&G, Inc., November 1984. '

6. NUREG/CR-4079, " Analytic Studies Pertaining to Steam Generator Tube
'

Rupture Accidents," Los Alamos National Laboratory, April 1985. j
- 7. NUREG/CR-4276, Volume 2, " Vibration and Wear in Steam Generator

:

Tubes Following Chemical Cleaning," Battelle Memorial Institute, Pacific j
Northwest Laboratories, March 1986.

8. NUREG/CR-4581, "Dryout Front Modeling for PWR Thermal Hydraulic
.

Analysis," Massachusetts Institute of Technology, May 1986.
.
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U 9. NUREG/CR-4751, " Loss of Feed Flow, Steam Generator Tube Rupture a'nd
.

Steam Line Break Thermo-Hydraulic Experiments," Westinghouse Electric-

Corporation, October 1986.'
;;

10. NUREG/CR-4849, Volumes 1 and 2,." Steam Generator Group Project,"''

; Battelle Memorial Institute, Pacific Northwest Laboratory, January 1989'
(Vol.1) and March 1989 (Vol. 2).

11. NUREG/CR 5016, " Compendium and Comparison of Intemational Practice
for Plugging, Repair and Inspection of Steam Generator Tubing," Battelle
MemonalInstitute, Pacific Northwest Laboratory, April 1988,

12. NUREG/CR 5150, " Steam Generator Operating' Experience," Science
Applications Intemational Corporation, June 1988.

13. NUREG/CR 5349, " Steam Generator Operating Experience, Update for
1987-1988," Science Applications International Corporation, June 1989.'

14. USNRC Generic Letter 81-16," Steam Generator Overfill," 1981.

15. USNRC Generic Letter 82-32,.' Potential Steam Generator Related Generic
Requirements (PWRs)," 1982.

16. USNRC Generic Letter 85-02, " Staff Recommended Actions Stemming From
NRC Integrated Program for the Resolution of Unresolved Safety. Issues
Regarding Steam Generator Tube Integrity," April 1985.

17. USNRC-Inspection and Enforcement Bulletin No. 88-02, ." Rapidly
Propagating Fatigue Cracks in Steam Generator Tubes," 1988

- 18. EPRI .NP-2331, " Steam Generator Corrosion Studies," Beigian Center for
Corrosion Study, April 1982.

19. EPRI NP-2711, " Prevention of Wear Problems in PWR Steam Generators:
An Annotated Bibliography," Hydronautics,Inc., October 1982.

20. EPRI-NP-2921, " Steam Generator Tube-Plugging and Tube Sleeving
. Criteria: : Assessment of Current Practices,": Failure Analysis Associates,
. March 1983.

21. EPRI NP-3068, " Investigation of Steam Generator Corrosion Products
Under T,pical PWR Operating Conditions," Combustion Engineering, Inc.,

,

May 1984.

22. EPRI NP-3395, " Calculation of Leak Rates Through Cracks in Pipes and
Tubes," S. Levy, Inc., December 1983.

23. EPRI NP-3703," Evaluation of Altemative Alloys for PWR Steam Generator
- Tubing," Inco Alloy Products Company Research Center, October 1984.

- 24. Schweiger, R.G. and Strauss, S.D., " Materials Options for Steam-Cycle
Heat Exchangers," Power, McGraw Hill, New York, June 1979-
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D 3,4. 2 . !U TUBE STEAM GENERATORS [\g 1

. r

'1.- NUREG-0523, " Summary of Operating Experience with Recirculation Steam
'

,,

f . Generators," USNRC,1979.
;

'

O :2.= NUREG-0966, " Safety Evaluation Report Related to the D2/D3 Steam
M . Generator Design Modification,"- USNRC Division of Licensing, March *

1983.' -i-

g.

3. NUREG/CR-1595," Radiological Assessment of Steam Generator Removal ;
- and Replacement: Update and Revision," Battelle Pacific Northwest i
Laboratory, December 1980. ;

4. NUREG/CR-1606,"An Evaluation of Condensation Induced Water Hammer I
in Preheat Steam Generators," Brookhaven National Laboratory, September

~

1980.-
- - .

. . i

5. NUREG/CR-1699, " Modes of Circulation in an Inverted U-Tube Array with {
Condensation," Massachusetts Institute of Technology, October 1980. '

i- 6. NUREG/CR-1712, = " Steam Generator Flow Instability Modeling,"
Massachusetts Institute of Technology, October 1980.

s a

7. . NUREG/CR-4376, " Heat Transfer, Carryover and Fall Back in PWR Steam
4 - Generators During Transients," Massachusetts-Institute of Technology,,

,

.

September 1985, i

8. : NUREG/CR-4752, " Coincident Steam Generator Tube Rupture and Stuck--.

.

.Open Safety Relief Valve Carryover Tests,"- Westinghouse Electric Corp., j
. March 1987. ~ -!

:: 9. . NUREG/CR-4922, " Steam Separator Modeling for Various Nuclear Reactor
. Transients," Massachusetts Institute of Technology, June 1987.u

' ~

10. USNRC Inspection and Enforcement Bulletin.No. 89 01, " Failure of'

1
, Westinghouse Steam Generator Tube Mechanical Plugs," 1989.

? 11. EPRI NP-2453, " Steam Generator Dose Rates on Westinghouse Pressurized' q
Water Reactors," Westinghouse Electric Corporation, June 1982 ~

. .

;

12. EPRI NP 2683, "'lhermal Hydraulic Analysis of the Westinghouse Model 51 !
c, Steam Generator," Atomic Energy of Canada, Limited, October 1982. j

|, 13. EPRI NP-3412, " Transient Simulation Studies for PWR U-Tube Steam
Generators," Acur:x Corporation, March 1984. |

'

' 14. EPRI NP-4298, " Heat Transfer, Carry-Over, and Fallback in PWR Steam
Generators During Transients," Massachu' etts Institute of Technology,-- s
February 1986.o,

15. EPRI NP-4786, " Loss of-Feedwater, Steam Generator Tube Rupture, and
Steam Line Break Experiments: Steam Generator Transient Response Test
Program." Westinghouse Electric Corporation, January 1987.

.
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16. EPRI NP-5272, "Modeling'PWR Steam Separators During Transients,"*

'

Massachusetts Institute of Technology, August 1987.-
.

17. Wilson, R. M. and Roarty, J. D., " Westinghouse Aims to improve Reliability
'

a<

N With its Model F Design," Nuclear Engineering International, October 1985, ;
ipp 28 to 35.'

,

D3.4.3 ONCE.THROUGH STEAM GENERATORS

1. _NUREG-0571, " Summary of Tube hitegrity Operating Experience with !

- Once-Through Steam Generators," USNRC, Marci 1980,
f

'

2. EPRI NP-2505, "Effect of Moisture Separator Drain Routing on OTSG
Secondary-System Chemistry," NWT Corporation, July 1982. ;

3. EPRI NP-3%5, Volume 1, "An Engineering and Probabilistic Analysis of
Tube Cracking Performance in Once Through Steam Generators, Archival
Reference," Failure Ar alysis Associates, July 1983. _,4

4 EPRI NP-4572, Volumes 1 to 4,"The Once-Through Integral S stem (OTIS) i
Test Program for Babcock & Wilcox Raised loop Design Safet Evaluation," "

. Babcock & Wilcox, Febmary 1987.
:

D3.5 OTHER PRESSURE VESSELS

1. NUREG/CR-1351, " Fatigue of Weldments in Nuclear Pressure Vessels and
Piping," Oak Ridge National Laboratory, March 1980.

|
'

2. NUREG/CR-3919,'" TRAC-PFl/ MODI Independent Assessment: Neptunus -
Pressurizer Test Y05," Sandia National Laboratories, February 1985.

p . 3. EPRI NP-5357, "PWR Pressurizer Transient Response," Dartmouth College,
; August 1987. '

4. 73-WA-NE-15, " Pressure Vessel Reliability as a Function of Allowable i
'

Stress," American Society of Mechanical Engineers,1973T
.

D3.6 TANKS (LOW PRESSURE AND ATMOSPHERIC): u

L 1. NUREG/CR-3051, "Closcout of IE Bulletin 80-05" Vacuum Condition
_

a
b .Resulting in Damage to Low Pressure Tanks Which May Contain Primary

,

- System Water," Parameter, Inc., October 1983.

L 2. | NUREG/CR 4776, " Response of Seismic Category I Tanks to Earthquake _ ,

H Excitation," Los Alamos National Laboratory, February 1987
!

|; D3.7 - HEAT: EXCHANGERS (WATER TO WATER)
u

h' 1. EPRI NP-3692, " Procurement and Operation Considerations for Moisture

L Separator Reheater," Mollerus Engineering Corporation, September 1984. .

l

L
2. Schweiger, R.G., " Heat Exchangers - Understanding, Operating,

Maintaining and Specifying the Shell and-Tube Units in Industrial and Utility
Plants," Power, McGraw Hill, New York, June 1970

h
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3. Schweiger, R.Gt and Strauss, S.D., " Materials Options for Steam Cycle !
'

Heat Exchangers," Power, McGraw Hill, New York, June 1979 1,

D3.8 : MAIN T CONDENSERS,

[1. NUREG/CR-2091, " Power Plant Entrainment Simulation Utilizing &a
Condenser Tube Simulator," New York, State of, Energy Research l

hi
Development Administration, September 1981.,

,

2. EPRI NP-2062, " Steam Plant Surface Condenser Leakage Study Update,",

Bechtel Group, Inc., May 1982.
1

i,

3. EPRI NP 2371, " Condenser Retubing Criteria Manual," Stone & Webster
Engineering Corporation, May 1982. .

I - t g

4. EPRI NP-2597, " Condenser Inteakage Monitoring System Development," E

NWT Corporation, September 1982. |

Sc EPRI NP-4551, " Condenser Improvements for PWRs," Gibbs & Hill, Inc.,.*: August 1986.
~

,

>

6. Schweiger, R.G. and Strauss, S.D., '' Materials Crions for Steam-Cycle
Heat Exchangers," Power, McGraw Hill, New York, June 1979-

,

w D3.9 COOLING TOWERS

~ 1. . NUREG/CR 0932, " Numerical Simulation of the Effects of Cooling Tower q
Complexes on Clouds and Seven 'torms," South Dakota School of Mines &
Technology, October 1979.

.

2. Elliott, T. C., " Cooling Towers," PacI, McGraw Hill, New York, March
1973-1

-,

3. " Cooling Tower Practices,"| Special report reprinted from Power
Enpineering.1977-

- D3.10 PIPING
,

i
-

1. ' NUREG-0582, " Water Hammer in Nuclear Power Plants," USNRC, April,

1979.

G., 2. NUREG-0679, " Pipe Cracking Experience in Light-Water Reactors,1967 '

Through 1979," USNRC, August 1980,,

3. NUREG-0691, " Investigation and Evaluation of Cracking Incidents in Piping
; in Pressurized Water Reactors," USNRC, September 1980.
1-

I' ' 4. : NUREG-0927, " Evaluation of Water Hammer Occurrence in Nuclear Power
Plants,' Technical Findings Relevant to Unresolved Safety Issue A-1,"
USNRC Division of Safety Technology, March 1984.

,

5. NUREG 0993, "Value-impact Analysis for USI A 1, ' Water Hammer',"
USNRC Division of Safety Technology, May 1983.

.
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J6. NUREG 1061, Volumes'l to 4, " Report of the U.S. Nuclear Regulatory'

Commission Piping Review Committee," USNRC, August 1984 (Vol.1),*

April 1985 (Vol. 2), November 1984 (Vol. 3), December 1984 (Vol. 4).

7. NUREG 1344,;" Erosion / Corrosion-Induced Pipe Wall Thinning in U.S.-

Nuclear Power Plants," USNRC Division of Engineering & Systems
Technology, April 1989.

8. NUREG/CR-0838, "A Stability Analysis of Circumferential Cracks for
Reactor Piping Systems," Washington University,1979.

,

9. NUREG/CR-1119, " Piping Inelastic Fracture Mechanics Analysis," Naval
. Research Laboratory, July 1980.

10." NUREG/CR-1330, " Review of Methods and Criteria for Dynamic-
Combinations in Piping Systems,* Brookhaven National Laboratory, March
1980,

11. NUREG/CR-1351, " Fatigue of Weldments in Nuclear Pressure Vessels and -
, Piping," Oak Ridge National Laboratory, March 1980.

12.' _ NUREG/CR-1677, " Piping Benchmark Problems, Dynamic! Analysis-

Uniform Support Motion Response Spectrum Method," Brookhaven National
Laboratory, August 1980.

'

- 13. NUREG/CR-2059, " Compilation of Data Concerning Known and Suspected ;
Water Hammer Events in Nuclear Power Plants," EG&G Idaho, Inc.,'May

11982.
4

14. NUREG/CR 2110,"A Critical Survey on the Application of Plastic Fracture
Mechanics to Nuclear Pressure Vessels and Piping," Battelle' Memorial.
Institute, Columbus Laboratories, May 1981.

'
i /- 15. NUREG/CR-2189, Volumes-l to 9, " Probability of Pipe Fracture in the

Primary Coolant Loop of a PWR,'' Lawrence Livermore National Laboratory,-
198L

16. NUREG/CR-2406, "A-Survey of Experimentally Determined Damling
Values in Nuclear Power Plant Pipmg- Systems," EG&G: Idaho, lnc.,:

' December 1981. q
,

-17. NUREG/CR-2781, " Evaluation of Water Hammer Events in Light Water J

Reactor Plants," Quadrex Corporation, July 1982. ,o

18. NUREG/CR-3022, " Parameters That influence Damping in Nuclear Power
Plant Piping Systems," EG&G Idaho, Inc., December 1982.

L 19. NUREG/CR-3059, " Parametric Calculations of Fatigue Crack Growth in'

Piping," Battelle Memorial Institute, Pacific Northwest Laboratory, March j
1983.-

;.-
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y 20. NUREG/CR-3086, " Investigation of the Cot,servatism ' Associated WithN Different Combinations Between Primary and Secondary Piping Respcases,"- .j

'

j, ~ Brookhaven National 1.aboratory, January 1983.
-

.
. y

21. NUREG/CR 3231, " Pipe-to-Pipe Impact Program," Battelle Memorial-

Institute, Pacific Northwest Laboratories, May 1987. '

22. NUREG/CR-3483, "A Study of the Regulatory Position on Postulated Pipe- 3
Rupture Location Criteria,, Lawrence Livermore National Laboratory, j
January 1984, a

,

s

23. NUREG/CR-3526, " Impact of Changes in Damping and Spectrum Peak
Broadening on the Seismic Response of Piping-Systerns," Lawrence
Livermore National Laboratory, March 1984.

-

,

24. NUREG/CR 3660, Volume 1, " Probability.of Pipe Failure in the Reactor-
[P Coolant Loops of Westinghouse PWR Plants, Summary Report," Lawrence

L Livermore National Laboratory, July 1985. >
|

25.' NUREG/CR 3660, Volurae 2, " Probability of Pipe Failure in the Reactor
' Coolant Loops of Westinghouse PWR Plants, Pipe Failure Induced by Crack
~ Growth," Lawrence Livermore National Laboratory, August 1984.

'

. 26. NUREG/CR-3660, Volume 3, " Probability of Pipe Failure in the Reactor :i
Coolant Loops of Westinghouse PWR Plants, Guillotine Break Indirectly

|Induced by Earthquakes," Lawrence Livermore National Laboratory,
} February 1985. ,.

1

'!n .

. -t .L. 27.L NUREG/CR-3660, Volume 4, " Probability of Pipe Failure in the Reactor
.

!'

Coolant Loops of Westinghouse PWR Plants, Pipe Failure Induced by Crack
Growth in West Coast Plants," Lawrence Livermore National Laboratory,.

July 1985,
i

28. NUREG/CR-3663,' Volume 1, " Probability of Pipe Failure in the Reactor
Coolant Loops of Combustion Engineering PWR Plants, Summary Report," !

Lawrence Livermore National Laboratory, January -1985. '
,

,
-

29. NURf.G/CR-3663, Volume 2, " Probability of Pipe Failure in the Reactor
L - Coolt nt Loops -of Combustion; Engineeringi PWR Plants," . Lawrence
? Liver nore National Laboratory, September 1984. '

.

|
'

. 30. NUREG/CR-3663, Volume 3, " Probability of Pipe Failure in the Reactor '

Coolant Loops of Combustion Engineering PWR Plants, Double Ended
iGuillotine Break Indirectly Induced by Earthquakes," Lawrence Livermore 1

National Laboratory, January 1985. '

1

31. NUREG/CR-3718, " Reliability. Analysis of Stiff Versus Flexible Piping -
Status Report," Lawrr.nce Livermore National Laboratory, April 1984.

,

-i

32. NUREG/CR-3722, " Damping Test Results for Straight Sections of 3 Inch
!and 8 Inch Unpressurized Pipes," EG&G, Inc., May 1984. 1

i
I

,

1

D20 3/90 ie

i+

. _ _____________.-______-o-___---------^---------- - - - - - - - - - - - - - - - - - ~ ~ - - - ~ ~ ~ - ~ ~ ~ - - ~ ~ - - - - ~ ~ ~~



,, , . , .~ ; . . ..

@ ,i 't * j," < '

j,

,

|'
.

-y

' ' + 33.TNUREG/CR-3753,i"An' Evaluation of ManualLUltrasonic Inspection of I

| Centrifugally Cast Stainless Steel Piping," Battelle Memorial Institute, Pacifir: ;

4, Northwest Laboratories, May 1984.
.

n,i i

L** 2 34, NUREG/CR-3790, "Closcout of IE Bulletin 79 07: Seismic Stress Analysis- !

. of Safety Related Piping," Parameter, Inc., January 1986.- j
;

~

;35.f NUREG/CR-3811, " Alternate Procedures for the Slesmic ' Analysis 'of
Multiply: Supported Piping Systems," Brookhaven Nationhl Laboratory, !

October 1984.
.

i36. NUREG/CR-3939, " Water Hammer, Flow Induced L Vibration and
Safety / Relief Valve Loads," Quadrex Corporation, September 1984. q

37. NUREG/CR-3945, " Fatigue Crack Growth Rate's of Low Carbon and
@ Stainless Piping Steels in PWR Environment," Materials Engineering

'

Associates, Inc., February 1985.
,

38. NUREG/CR-3996," Response Margins of the Dynamic Analysis of Piping'
'

. Systems," Lawrence Livermom Laboratory, October 1984.'
-

,

L 39. NUREG/CR-4082 (Series), " Degraded Piping Program," Battelle Memorial
' Institute, Columbus Laboratories, April 1988. ,

y. ,

40. NUREG/CR-4221, "An Evaluation of Stress Corrosion Crack Growth in '

( BWR Piping Systems,'? Brookhaven National Laboratory, May 1985.
_

41. NUREG/CR-4263," Reliability Analysis of Stiff Versus Flexible Piping, Final.
Project Report," Lawrence Livermore National Laboratory, May 1985. 3

'42. NUI EG/CR-4290,'' Volumes:1 and 2, " Probability of Pipe Failure in the - .

. Reactor Coolant Loops of Babcock and Wilcox PWR Plants," Lawrence
Livermore National Laboratory, July 1985 (Vol.1), May 1986 (Vol. 2). ,

'

-|. . -

- 43.HNUREG/CR-4305, " Comments on the Leak-Before-Break Concept for _ -

L Nuclear Power Plant Piping Systems," Rodabaugh Associates, Inc., Oak
p Ridge National Laboratory, September 1985.

,

b
T 44. NUREO/CR-4407, " Pipe Break Frequency Estimation for Nuclear Power [

:Fiants,'' EG&G Idaho Inc., May 1987.
~

;

1
45. NUREG/CR-4464,' " Performance Demonstration Tests"for Detection of.

-

Intergranular Stress Cormsion Cracking," Battelle Memorial Institute, Pacific ;

Northwest Laboratories," February 1986.- 4'

> q

46. NUREG/CR-4484, " Status of Activities for Inspecting Weld Overlaid Pipe 7
? Joints," Battelle Memorial Institute, Pacific Northwest Laboratories, February

m

4

< 1986; j

E 47. NUREG/CR-4529, " Piping Damping - Experimental Results from Laboratory ;'

Tests in the Seismic Range," Idaho National Engineering Laboratory, June |
1986..
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-48. NUREG/CR-4545, " Pipe' Crack Evalu'ation.in Operating Boiling Water ~ iu'

yi : Reactors," Brookhaven National Laboratory, March 1986.
"

.

3

% 49JNUREG/CR 4562, " Pipe Damping Results of Vibration Tests in the 33 to-,

'

100 Hertz Frequency. Range,'' Idaho National Engineering Laboratory, July
.

.1986.
'

' 50. NUREG/CR-4572, "NRC Leak Before Break (LBB, NRC) Analysis Method - 1
~

for Circumferentially 'Ihrough Wall Cracked Pipes Under Axial Plus Bending
loads," Battelle Memorial Institute, Columbus Laboratories, May 1986.

51. NUREG/CR-4734, " Seismic Testing of Typical Containment Piping '
Penetration Systems," EG&G Idaho, Inc., December 1986

.

1

- 52. NUREG/CR-4761, "Small Break Critical Discharge' ' Roles of Vapor and
:

Liquid Entrainment in Stratified Two Phase Region Upstream of the Break;"
Lawrence Berkeley Laboratory, December 1986. '

.;

53. NUREG/CR-4792, Volumes 1 and 2, " Probability of Failure in BWR
.. Reactor Coolant Piping," Lawrence Livermore National Laboratory, March -
n 1989 (Vol l'and 2).
s + ,

54. NUREG/CR-4792,: Volume 3, " Probability, of Failure in ~ BWR Reactor. a
' Coolant Piping, Probabilistic Treatment of Stress Corrosion Cracking in 304
and 316NG: Stainless Steel BWR Piping.Weldments" Failure Analysis. -!. Associates,' December 1986. '

x
55.- NUREG/CR-4792, Volume 4, " Probability of Failure in BWR Reactor s

Coolant Piping, Guillotine Break Indirectly. Induced-by Earthquakes" ]NTS/SMA Inc., December 1986.
-

. 7

9i 56. NUREG/CR-4785, " Review and Evaluation of De' sign Analysis Methods for .i
Calculating Flexibility of Nozzles and Branch Connections," Oak Ridge '

National Laboratory, December 1987. a

57.s NUREG/CR-4853, " Approximate Methods; for Fracture Analyses of >'i
. Through-Wall' Cracked Pipes," BattellecMemorial Institute, Columbus

-

- Laboratories, February 1987. - ,

1

58. NUREG/CR-4877, " Assessment of Design Basis for Load Carrying Capacity !
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65. NUREG/CR-5073, "Quantification of Margins in Piping System Seismic
Response," Lawrence Livermore National Laboratory, February 1988.
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98. EPRI NP 5051-SR, "EPR'I Workshop on Piping Integrity," 1986 Special
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"
1. Heveron, G.D., " Pulsation Dampeners and Stabilizers Help Protect Pump

: Systems in Nuclear Plants," Power, McGraw Hill, New York, October 1978
,

2. Strauss, S.D. and Kunin, R., "A Sycial Re > ort - Ion Exchange: Key to
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E Pnwer, McGraw Hill, New York, September 1980
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~
for Industrial' Steam Generation," Power, McGraw Hill, New York, June '

1981-

i
- D 4, INSTRUMENTATION AND CONTROL SYSTEM,- ,

L COMPONENTS

LD' ;l SENSORS AND TRANSMITTERS4

!
1. NUREG-0809, " Safety Evaluation Repon Review of Resisunce Temperature

Detector Time Response Characteristics," USNRC Office of Nuclear Reactorh

Regulation; August 1981.-
; 4
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'
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. I.evel Measurements," Parameter, Inc., November 1986.

|
..

.

!

8. NUREG/CR-4728, " Equipment Qualification Research Test of a High Range !
l Radiation Monitor," Sandia National Laboratories, February 1988.
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m . D4;2 ' RELAYS AND SWITCHES
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. Reactor Mode Switches," Franklin Institute / Franklin Research Center, April j
1984.<

2. NUREG/CR-3062, "Closcout ofIE Bn.!!etin 80-20: Failures of Westinghouse-
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Wetted Matrix Relays in Reactor Protective Systems of Operating Nuclear
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. 0" :1988.
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. September 1987.~
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Westinghouse Type OT-2 Control Switches," May 1975.

13. USNRC Inspection and Enforcement Bulletin No. 75-08, "PWR Pressure
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14. USNRC Inspection and Enforcement Bulletin No. 76-02," Relay Coil Failures
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15. USNRC Inspection and Enforcement Balletin . No. 76-03, " Relay
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<
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Mercury-Wetted Matrix Relays in Reactor Protective Systems of Operming* '
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'I

f 23. USNRC Inspection and Enforcement-Bulletin No.-80-20, ," Failures of'

Westinghcuse Type W 2 Spring Retarn to Neutral Control Switches," July
0 1980.

P 24. USNRC Inspection and Enforcement Bulletin No. 84-02, " Failures'of :
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I
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n

| 26. EPRI NP-3095, " Generic Qualification of Rotary Hand Switches," Power
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*' D 4.3 TERMINAL BLOCKS-

1. NUREG/CR-3691, "An Assessment of Terminal Blocks in the Nuclear. '
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2. USNRC-Inspection and Enforcement Bulletin No. 77-05, " Electrical
i

Connector Assemblies," November 1977 (Main Report), November 1977
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3. USNRC Inspection and Enforcement Bulletin No. 78 02, " Terminal Block
iL Qualification,")anuary 1978. ;

D4.4 ISOLATION DEVICES

'). NUREG/CR-3453, " Electronic Isolaters Used in Safety Systems of U.S.
Nucicar Power Plants," EG&G Idaho, Inc., March 1986.

D5. ELECTRIC POWER' SYSTEM' COMPONENTS

DS.li AC OR DC POWER DISTRIBUTION EQUIPMENT i
!L',

1. NUREG/CR-3122, "Potentially Damaging Failure luodes of High and i., o Medium- Voltage Electrical Equipment," Oak Ridge National Laboratory,H
August 1983.

'

,!
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!
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4. NUREG/CR 5203, " Dynamic Amplification of Electrical Cabinets,"
;

Brookhaven National Laboratory, June 1988.
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August 1984,'
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i

4. NUREG/CR-4663," Closeout ofIE Bulletin 83-01: Failure of Reactor Trip
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a 5. NUREG/CR-4664, "Closcout of IE Bulletin. 83 04: Failure of the

Undervoltage Trip Function of Reactor Trip Breakers," Parameter, Inc., May
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6. NUREG/CR-4665, "Closcout of IE Bulletin' 83 08: Electrical Circuit
Breakers with an .Undervoltage 4 Trip Feature in 'Use in Safety-Related& <

Applications Other Than the Reactor Trip System," Parameter, Inc., April
,,

1988.

7. NUREG/CR-4715 "An Aging Assessment of Relays and Circuit Breakers
' and System Interactions," Franklin Research Center, Brookhaven National
, ,

g,
Laboratory, June 1987.

1

8. NUREG/CR-4935 Closcout of IE Bulletin 85-02: .Under-Voltage Trip
- Attachments of Westinghouse DB 50 Type Reactor Trip Breakers,"'

Parameter,Inc., September 198fs.

9. USNRC Inspcetion and Enforcement Bulletin No. 71-2, " Performance of
Reactor Sc am Circuit Bn:akers at PWR's," 1971.-

4

f 10. USNP.J Inspection and Enforcement Bulletin No.73-1, " Faulty Overcurrent'

T. Trip Delay Device in Circuit Breakers for Engineered Safety Systems," 1973.,
,

1l'. USNRC Inspection and Enforcement Bulletin No. 74-8, " Deficiency in ITE>

,

Molded Case Circuit Breakers, Type HE-3," July .1974.
a'

4 ,

9 12.' USNRC Inspection and Enforcement Bulletin.No. 74-9, " Deficiency in
:( General Electric Model 4kV Magne-Blast Breakers," July 1974.E -

13. USNRC Inspection and Enforcement Bulletin No. 78-05, " Malfunctioning of '"

4 Circuit Breaker Auxiliary Contact Mechanism - General Electric Model'
>

CR105X," April 1978.'
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,"- 14. USNRC Inspection and Enforcement Bulletin No. 79-09, " Failures of GE
Type AK 2 Circuit Breaker in Safety Related Systems," April 1979."
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. Overcurrent Trip Device in Circuit Breakers for Engineering Safety Systems,",

i May _1979.'

16. USNRC Inspection and Enforcement Bulletin No. 83-01, " Failure of Reactor
Trip Breakers (Westinghouse DB 50) to Open on Automatic Trip Signal,"
February 1983

.

- 17. USNRC Inspection and Enforcement Bulletin No. 83-04, " Failure of thi
- Undervoltage Trip Function of Reactor Trip Breakers," March 1983.-

18. USNRC Inspection and Enforcement Bulletin No. 83 08, " Electrical Circuit
Breakers With an Undervoltage Trip Feature in Use in Safety Related
Applications Other Than the Reactor Trip System," December 1983

- 19. USNRC Inspection and Enforcement Bulletin No. 85 02, "Undervoltage Trip
Attachments of Westinghouse DB-50 Type Reactor Trip Breakers,"
November 1985. .

20. USNRC Inspection and_ Enforcement Bulletin No. 88-01, " Defects in
Westinghouse Circuit Breakers," 1988.

:21. USNRC Inspection and Enforcement Bulletin No; 88-10, " Nonconforming
Molded Case Cir ait Breakers," 1988.

DS.3 STATION BATTERIES

1. NUREG/CR-3831, ''The In Plant Reliability Data Base for Nuclear Plant-

Components:: Interim Report - Diesel Generators, Battery Chargers, and
Inverters," Oak Ridge National Laboratory, January 1985.

.

.

2. NUREG/CR-4098, " Seismic Fragility Tests of New and Accelerated Aged
Class IE Battery Cells," Sandia National Laboratories, Ontario Hydro.,
January 1987.

3h NUREG/CR-4099,L" Age-Related Degradation of-Naturally Aged Class IE
Battery Cells," Sandia National Laboratories, April 1986

'

4.~'NUREG/CR-4457, " Aging of, Class 1E Batteries in Safety Systems of,' .

Nuclear Power Plants," EG&G Idaho Inc., July 1987.

5. NUREG/CR 4533, " Program to Analyze Failure Mode of Lead Acid
Batteries," Sandia National Laboratories, March 1986.

'6. EGG-EA-6074,'" Quick Look at Licensee Event _ Reports'of Batteries and
Battery Chargers at U.S. Commercial Nuclear Power Plants, January 1,1976.

9 ' to December 31,1981," EG&G Idaho, Inc., October 1982.

DS,4 BATTERY CHARGERS

.1, NUREG/CR-3831, |'The In-Plant Reliability Data Base for Nuclear Plant,

Components: Interim Report - Diesel Generators, Battery Chargers, and
Inverters," Oak Ridge National Laboratory, February 1985.
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2. NUREG/CR-4564," Operating Experience and Aging Seismic Assessment of h
,

Battery Chargers and Inverters," Brookhaven National Laboratory, June. l
1986.4

.

'

~ 3. NUREG/CR-5051, " Detecting and Mitigating Battery Charger and Inverter
Aging,"_Brookhaven National Laboratory,~ August 1988. 1

4. NUREG/CR-5192, " Testing of a Naturally Aged Nuclear Power Plant
- Inverter and Battery Charger," Brookhaven National Laboratory, September
1988.

,

.
'

- 5. ' EGG-EA-6074, ." Quick Imk at Licensee Event Reports of Batteries and
Battery Chargers at U.S. Commercial Nuclear Power Plants, January 1,1976
to December 31,1981," EG&G Idaho, Inc., October 1982.

.

D5,5 ' INVERTERS

1. NUREG/CR-3831, "The In-Plant Reliability Data Base for Nuclear Plant*

Components: Interim Report - Diesel Generators, Battery Chargers, and
Inveners," Oak Ridge National Laboratory, January 1985.

~~

*

' 2. NUREG/CR 3867, " Data Summaries of Licensee Event Reports ofInverters
~

,

J at U.S. Commercial Nuclear Power Plants, January 1,1976 to December 31, ,

1982," EG&G' Idaho, Inc., August 1984.

3. NUREG/CR-4564," Operating Experience and Aging-Seismic' Assessment of
Battery Chargers and Inverters," Brookhaven National Laboratory, June'

-1986.

4. NUREG/CR 5051c" Detecting and Mitigating Battery Charger and Inverter 4

; Aging," Brookhaven National Laboratory, August 1988.
~ '

E 5. NUREG/CR-5192,~ " Testing of a Naturally Aged Nuclear Power Plant :
.. Inverter and Battery Charger," Brookhaven National Laboratory, September

1988,

h DS,6 - ELECTRICAL CABLES AND CABLE TRAYS'
,[e . .

,"Hn. 1. NUREG/CR-2927, " Nuclear Power Plant Electrical Cable Damageability
!!xperiments," Sandia National Laboratories, October 1982.p >

:m

[7 2. NUREG/CR-3623, " Status Report: Correlation of Electrical Cable Failure
with Mechanical Degradation," Sandia National Laboratories, April 1984.p s.

g

' - 3. NUREG/CR-3656,'" Evaluation of Suppression Methods for Electrical Cable- >

i Fires," Sandia National Laboratories, October 1986. -

,

E ;

h 4. NUREG/CR-4112, Volumes 1 and 2, " Investigation of Cable and Cable i

@' System Fire Test Parameters," Underwriters Laboratory, Inc., January 1985
y (Vol. I and 2), j

i 5. .NUREG/CR-4257, " Inspection, Surveillance, and Monitoring of Electrical,

L1 Equipment Inside Containment of Nuclear Power Plants--With-Applications
[4 to Electrical Cables," Advanced Technology Center, August 1985.'
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6.z NUREG/CR-4536, "Superheated Steam Test of Ethylene Propylene Rubber .
Cables Using a Simultaneous Aging and Accident Environment " Sandia
National Laboratories, June 1986. :,!

,

7 NUREG/CR-4548, " Correlation of Electrical Reactor Cable Failure With -
: Material Degradation," Sandia National Laboratories, March 1986. :

8. NUREG/CR-4638, Volume 1, " Transient Fire Environment Cable
- Damageability Test Results," Sandia National Laboratories, September 1986. ;

9. NUREG/CR-4763, " Safety-Related Equipment Survival in Hydrogen Burns i
*

4

= in Large Dry PWR Containment Buildings," Sandia National Laboratories
March 1988.

o :

10. EPRI NP-1881, " Categorization of Cable Flammability Intermediate Scale L
Fire Test of Cable Tray Installations," Factory Mutual Research Corp., :;t
August 1982,

11. EPRI NP-2660, " Fire Tests in Ventilated Rooms: Extinguishment of Fire in -
3

Grouped Cable Trays,'' Factory Mutual Research Corp., December 1982. '
_

,

12. EPRI NP 2910,'" Feasibility Study: A New Cable Tray Hanger Concept for
- Nuclear Power Plants," Duke Power Company, March 1983.

D6. PRIME MOVERS ;

D 6.1 iELECTRIC MOTOR DRIVES
l

1., , NUREG 1296, " Thermal Overload Protection for Electric Motors on Safety-
Related Motor-Operated Valves - Generic Issue II.E.6.1.,".USNRC Division
of Engineering, June 1988.>

,

32. NUREG/CR-4156,'' Operating Experience and Aging-Seismic Assessment of.

Electric Motors," Brookhaven Nauonal laboratory, June 1985.

3. NUREG/CR-4939,1 Volume 1, " Improving Motor Reliability in Nuclear l
Power, Plants, Performance Evaluation < and Maintenance Practices, . ;

: Brookhaven National Laboratory, November 1987. ;

4. NUREG/CR-4939,' Volume 2, " Improving Motor Reliability in Nuclear
o Power Plants, Functional Indicator Tests On a Small Electric Motor Subjected

'

to Accelerated Aging," Brookhaven National Laboratory, November 1987.

. 5. NUREG/CR-4939, Volume 3, " Improving Motor Reliability in Nuc! car'

- Power Plants, Failure Analysis and Diagnostic Tests On a Naturally Aged
'

Large Electric Motor," Brookhaven National Laboratory, November 1987.
'

.
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