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StBuuRy

The first generations of eeneral Electric bo111ag water rese*ar (awa)
nuclear steam supply systems are housed in containment vessele designated as
Mark I containments. Steenty-five BWR facilities with Mark I containments havt
been, or are being, built in the imited States. The original design of Mark I
containmenta considered postulated accident lande previously associated with
containment design. These loads included pressure and temperature loeds
associated with a loss-of-coolent accidact (IDCA), seismic loads, dead loads,

jet-impingement loads, hydrostatic loada due to mates in the suppreselon
diamber, overload pressure test loads, and construction loads. govever, since
the establishment of the original design criteria, additional suppreeston pool

hydrodynamic loads have been identified in the course of large-scale testing
of Mark !!! containmente and during in-plant testing of Mark I containments.

consequestly, in February and April 1975, the U.S. thaclear Regulatory
Commission (MAC) transmitted letters to all utilities owning BWR facilittee

with Mark I containments, requesting that the ownero quantify the hydrodyna.4c

loads and assess the effect of these loads on the containmente. A detailed
presentation of the problem and the program for resolution are included in the
unc's safety evaluation reporta for the short-term program and the long-term
program. The objective of this paper le to present certain important features
of the structural reevaluations for hydrodynamic loading, and structural

modifications which were required during tSe short-term and long-term programs
for Mark I containmente. In addition, the criteria developed at the Franklin

menearch Contar for auditing the structural analyses presented in plant-unique
analyste reports by Mark I caaere are briefly esplained. All utilittee owning
Mark I BWR f acilities are required to submit plant-unique analysis reporte in

order to demonstrate that the originally intended safety margin is restored
af ter all a-cessary structural modifications are made.

-1-

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

l

1

/

1

1
-_____ _ _ _ -- . 1



~

I
|

- . -- . . . -

..

*
. .

.

1. Introduction

me leert I containment is deetped to tw=amme steam released during a

postulated IAch and to serve as a source of water for the emergenoy oore cool-
ing eyeten. It consists of a drywell, a toroidal pressure suppreeston chanager,
a vent system, contata==at teolatica valves, contalmeent cooling systems, and
other servios equipment. Figure 1 shows the major components of the IIntk I i

sentainment. De suppressio chammer in Brunswien unita'1 and 2 la a rein- |

fosced concrete torus with a steel liner. DDr all other Itsrk 1 plants, the
suppresalon chamber is a toroidal steel pressure vessel. De stark I went |

system typtoally has 8 to 10 mala vents and 40 to 120 downoomers. hble 2
lista the planta with stark I contaimment that are licensed for operation or |

are being built in the thiited States. me original design criteria of these l'

plante 14 not include the suppression pool loads due to hydrodynamic ph-a
ikdwrue.M i

iaentif d in the course of large-scale testing of leark III containmente and i

g
during in-plant testing of stark I containments. Consequently, several
concerna arose regarding the margin of safety existing in the original designs
in 1975, the giac initiated comprehenalve programs for resolving these
concerna. For a complete understanding of these concerns and their resolution
the reader la referred to the safety evaluation reports [1, 2) Assued by the

stac. Important features of the Stark I containment reevaluation are prece=ted

in this paper with emphaels on structural aspects of ,the program. This paper
does not address details of the hydrodynamic load definition methodology,
related concerns, and their resolution since they have been discussed in the

3
load Definition Report presented by the General Electric Company [3]4Wl .h k '

W. '5hh stuakseds* @ %,
2. Itart I Containment Erdrodynaste Isade

sydrodynamic loede in start I containment can originate from a IOCA or
safety relief valve (SRV) discharge phenomena [3]. The sequence of events
af ter a postulated IACA and the potential loading conditions associated with
these events are shown in Figure 2. % drodynamie 19848 due to SRV actuation

'

are antaly due to drog a$cwamjet impingement on submerged structures, air-uclearing, and temperature.snese. Table II shows the 'steraction of the
hydrodynamic loads due to IDCA and SitV disdnarge on various structural ,

components of stark I containment. staat of the concerns regarding the safety f

margina esisting in the design of tbnited States BerR plants with leark I
containment have been resolved in the course of the short-tera and long-term

programs completed by the affected utilittees the Islc has issued safety
evaluation reporte pertaining to these progrees [1, 2]. The following ,

1-

sections of this paper present en overview of the achievements of the

short-term program and the long-term program for Mark I containment with
regard to the structural reevaluation.
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3, 8ensk I Containment mort-Tere Proeram (STP)

The objectives of the sTr sore (1) to emanime the conta1 ament of each usa
fac115ty with aansa 1 senta1 ament design la are as to eerify that it somad
maintata ita integrity and functional capability uten subjected to the most
probable loads laduoed by a postulated design basis 14CA and (3) to verify
that the licensed feark 3 facilities any continue to operate safely without
undue riot to the healtA and aefety of the publie, while a methodical,

comprehensive long-term program (LTP) sonducted. It was deteralmed that
for the STP, * maintenance of the containment latagrity and function * unuld be
adequately assured if a safety mergin of at least 2 maa da-atrated to esist
for the weakest structural or mechanical component la the stark 3 sentainment.

Consistent with the objectives of the STF, review of the newly identified
types of hydrodynamic loads focused on those loada judged to be moet signif t-
cant in terms of the structural response of the stark I containment system.
Such loads were designated as * primary loada.* ghe remaining leads were
considered to be of secondary importance and were not considered further in
the STP. ghe priasty loads for the STP were defined by canaldering all
esisting applicable test data, both domestic and foreign, related to the
hydrodynamic phenomena postulated to occur in a Mark I suppression chamber.
In addition, where sufficient test data did not esist for specific loading

conditione, san 11-scale tests on a toroidal segment of a sansk I suppresstem
chamber were performed to provide an estimate of the loading magnitudes. ghe
hydrodynaalc load combinations were then specified for a typical (i.e.,
reference plant) start I suppression chamber. IAsere structural analyses
indicated a need, load versation functions were developed from test data and

analytical models to define the loading sonditions for specific suppression

chamber configurations.

As the STP progressed, the strectural evaluation of the critical elementa

separated into two partes (1) an assessment of the integrity of the

structures, equipment, and componente located within the suppression chamber
for all plants, and (1) an assessment of the integrity of the suppression

chamber, chamber supporte, and the piping systema esterna11y attache 4 to the

suppression chamber for operating plants. Itiere necessary, material testing

programe were conducted to support the analysis of specific critisal elements,
and the *as built * configuration of certain plant-apacific critical elements

was confirmed by field inspectione conducted by the tutC's Office of Inspect 1on
and Enforcement. Table III indicates some of the plant modifications found

necessary during the STP. The acceptance criteria for the structural

evaluations established the methode 9f analysis, methods for load application,
loading conditions, and ".
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purther details en the STP and the ubC's conclusions are described la

meterence 1. It was concluded in Reference 1 that a suffielent margia of
estety had been demonstrated to assure the functional perferammoe of the ainsk
I containment, and besse the It" granted the operettag stark I Seel11 ties
esemptione relattag to the strwtural faster of estety requiremente of
teenSt.SS ta) . R ose enemptions were granted for an lateria ported of
approminately 2 years while the comprehemelve LTP was being conducted.

d. anark I containment tone-term Proeram (LTPl .

Se objectives of the LTP were to establish design-basis (commervative)
loads that are appropriate for the anticipated life of each lensk I BfR
facility (40 years), and to restore the originally intended design-eafely
margine for each Itark I containment.

aheet of the LTP tasks were directed toward the development of esperi-
aantal and analytical inforantion that could he used to develop generio
suppression pool hydrodynamic load definition and r- - t procedures.

Other tanks provided information. concerning potential structural modifloations
and hydrodynaale load mitigation teeniques that could be esed to laplement
the program in the plant-unique analyses.

During July and August 1976, the stark I O,ners Group made several

presentatione to the NRC staff regarding the proposed content and schedule for
ocepletion of the LTP. Seuch of this information was subsequently documented
in the *Itark I C.mtainment Program, Program Action Plan * submitted to the NEC

|4].
As a result of Mac staff comments and questions on this document, the

/Es#k I owners Group revised several of the proposed LTP tasks and objectives.
%eae tem *8sna were discussed with the Mac staff in meetings held in February

1977 and are documented in aavision 1 to the * mark I containment Program,

Program action Plan * [5]. During the course of the LTP, additional revisions
(6, 7) were made to the Program Action Plan to reflect task scope and sobedule

manges that evolved from the initial reautta of specific taste.kna9 Ae,heanatidia bot Unfue. .s
.

h e generic aspects of the LTP were lated with the submittal of the

'seark I Containment Program load Definitik asport* 131 and the * mark 1 J QuAAG
Containment Program Structural Acceptancefealde*[T8je as well se supporting
reports en the LTP emperimental and analytical tasks. De requirements
resulting from the Mac's evaluation of the LTP presented in Reference 2 are
being used by each panHaart I licensee to perform plant-unique analyses.

Rose analyses are intended to confirm that the originally intended safety

margias have been restored af ter the necessary modifications. Enference 2
indicates that the structural acceptance criteria for the plant-unique |

Da - '"_"-*"'--**-S8' (0) areanal'| sis proposed in the L .

aco.ptable to the umC. Bene criteria are briefly examined in the following
'

section.

! -4

r

- - - - ---- - .

I

e

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



.
- . .

. .
,

S. Structural hooestance criteria for plant-tmiano analyses

Gur(me dna, a5
The, structural acceptance criteria for plant-unique analysee ese

psesented in the & " r % 8- T i- - " {sgAAG{ [8] m
*

is to allow soneistent appliantion of the',ameusement
criteria by those evaluettag each of the specific containments.

The following aspects are addressed in the PGAAG ($]s

a. Code classification based on the ASpes Boiler and Pressure vessel Code

[9].

b. load combinations and categorisations based on the lead Defialtion
Report [3].

o. anference to code and standard rules, procedures, and criteria to be
followed for all structural elements.

d. Alternative structural acceptance criteria.

e. laten required, descriptions of the mintaus analytical models or
procedures to be followed and other guideo concerning the
pla t-unique analysis.

6. Post-Implementation Review

At present, a post-laplementation review of the gestk I containment

structure is being conducted by the umC, aided by its consultants, Franklin

assearch Center tetructural analysia) and Brookhaves ,Hattonal laboratory
(loads). As part of this program Franklin Research Center is auditing

plant-unique analysis (70A) reports of anerk I facilities in order to determine

their technical adequacy and compliance with the criteria [8]. The audit le

based on a review of a set of key items in the PDA reports, se explained in

the audit procedure developed by the Franklin assearch Center (14]. After a

preliminary review, an Interim Technical Evaluation Report is teaued

containing a request for additional information on any aspect of the report

requiring clarification, specifically, the licensee is requested to justify

any deviation free the criteria unless the licenace's approach is determined
to be more conservative than the criteria requirements. Isore omg6 asis is
placed on the evaluation of the torus, the torus support system, the vent
system, and essential piping systems in comparison to internal structures that

;

have been adequately modified. The puA reports reviewed so far indicate that - |

licensees prefer to use the generic approaches proposed by the Mark I owners -

a kn..J..
Group forg atigd analysis of piping and for vacuum breaker valve analysia. "

I

f |

; hifications of critical structures such as torue and torus f
'

C

their originally intended margins of safetyin cc..ygfgs
'

supporta have hueyed-ee restor

Mk had altigation devices such as the T-quencher and went deflector 6 '

em6 ped- to reduce the hydrodynamic loads.

.
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7. Conclesien

ne structural reevaluation of Mark I containment for meely identified
hydrodynesiu lande la measians successful completten due to the joint efforts
of the affected et!11 ties, their consultants, and the IEC en solving k
analyticol, emperimental, and engineerlag aspects of the problem. She
preliminary findings of the Franklin assearch Center post-implementation audit
of the 904 reports of some of the affected plants indicate that the lienneees
have generally complied eith the requirements of the criteria and
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1. U.S. Ihaclear negulatory Commission. * Mark 1 Containment Start-germ
Program safety svaluation asport,' MUREG-0400, December 1977

2. U.S. Imaclear angulatory Commission, " safety Bealuation Report, leark I
containment long-Term Program,* NUnBG-0661,1980, and supplement 1,1982

3. General Electric Company, " Mark I containment Program to64 Definition
neport," upo-21848 navision 2, movember 1981

4. General Electric Company,* Mark I Containment Program Actica Plan,*
G.E. Topical asport mi7610-09, Reviaton 0, October 1975

5. G.E. Spical toport afl610-09, Sevision 1. February 1977

6. G.E.10pical Report Bf7610-09, nev&olon 2, August 1977

7. G.E. mpical moport 3f7610-09, aevision 3, February 1978

8. General Electric Company, " Mark I Containment Program Structural
Acceptance Criteria Plant Emique Analysis Application Gaide,*
N m o-24543-1, October 1979

g. Amerloan society of Meeanical angineers, moller and Pressure Vessel
Code, section !!!, Division 1. *maclear Power Plant Components," 1977
soitton and Addenda up to sueuser 1977

10. Franklin menearch Center. * Audit Procedure for Mark I Containment
long-term Program--Structural Analyele,* TER-C5506-308, June 1982
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I Table !!. Structural taede genttia,

LISTING OF DOMESTIC Bra FACILITIM WITE TER
MARE 1 CDW!nIISERNT $75734

\ " . * = * , *

Plants Licensed for Power Operation Licensee

Browns Perry .its 1, 2, and 3 Tennessee valley Authority |
Brunswick thite 1-and 2 Carolina Power and Light j . I I l i l l'[ I3- j g g g

.

fCooper station umbresta Public Power District ,_ __ ,_ , , , , , , , , , ,

ae=" E _==taa
* * = * a a a }-1th Edison CompanyDresden thite 2 and 3 * 8 ,* i_ , ,

Duane Arnold Iowe Electric Light and Power um m__
m a fu om.e*-

a E E
_

u no- 3 : , sFitaratrich Power Authority, State of leev Torg as h a un,
as iannames. nee a amatch thite 1 and 2 Georgia Power Company ' ;, ,,

^

,
e, uame-- _. u s x8 Milletone thit 1 Northeast Nuclear Energy Company M7g{

,
M I

aemmere
Ihnticello teorthern States power Company

U**"''.'"-_
~'W X

'~'* :s

E E ;
u n.m.i== y
******L**Nine Mlle Point Unit 1 Niagara sbhawk Power Corporation . {g _ .
ae a==-e.u.a. == n 'i.

).Oyster Creek Jersey Central Power and Light '8,'*"**^_ E I
g

88 * *=,s=.= **.e a a a a
Peach Bottee Delts 2 and 3 Philadelphia Electric Company |

as n== e- a-.

ami
] Pilgrim thit 1 Boston Mison Company " 7 '"%" 7 5

a-
, ,

| 'es* *e*=a="*W !a a x
' jQuad Cittee thits 1 and 2 helth Edison Company {= a x a_

d-. If
-

vermont Tankee Tankee Atomic Electric Company e ,-

3f 6
t f
%

y.P, t. . e C.n.t, tton ,1 nt

tr.,t .. w - , w..1.,t.

,,

sope Creet Emite 1 and 2 pubite sere!ce Electric and Gas

_ _ ___ __ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _
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Sable III. LISTING OF STP 8WDIFIchTEME TO IIAAE I
somos suppear sTsvos cosecaerus Ill

3 m IC0!PICATE s.3

sinas Annega 1. 411f t endor, brackets were added

amouts patar 1. single went header solumns changed to twin solumns
UNI 1s 1, 2, Ass 3 and sinf lime restraints stengthened

GXrER 1. Isob reinforcing plates added to each side of the
torus support column at the column-tcrus shell weld

DaAEDSM Units 3 Aim 3 1. Jackets added to laner torus support colse and
bearing blocks installed in inside pin connections

FITspasmIcs 1. Checkered plate catwalks remsved

BATOR Uu!T 1 1. Strengthened the torus support column to torus
shell welds and reinforced the torus support
column connection to the torus by adding gusset
p1rtes

2. Installed anchor bolts in the base plate of each
torus support column

8tI!JA10MB UNIT 1 1. Two new anchor bolts added on both inner and outer
torus support columns

2. Jackets added to inner tores support column and
bearing blocks installed in inside and outside pin
connections

3. Replacement of two pipe supports with spring
hangers on atmospheric control line

secuTIcarJa 1. Jackets added to inside and outside torus support
columns, bearing blocks installed in inside and
outside pin connections, edditional eneor bolts
installed

2. Strengthened torus support column to torus shell
welds and reinforced the upper torus support
column connection to the torus

NINE stI12 p0 INT 1. Checkered plate catwalks removed
UNIT 1

FILGLIM UNIT 1 1. Gusset plates have been added to the ring girder
web in the area of the outer torus column to shell
attachment

QUAD CITIES 1. Addition of weld materials 'to esisting web and
UNITS 1 Aam 3 flange welds at the torus column to torus shell..

connection

VaasIDWT YANKEE 1. Dk>difications were made in SIsrch 1976 to provide
tie-down to the torus support colums

PEACM Bor10st 1. anddle supports added to Iktits 2 and 3 i

units 2 ABC 3

EATot Uu!T 2 1. Saddle supports added to the torus

2. Vent header support column connections strengthened
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