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The firet generations of General Rlectric boiling water reactor (BWR)
nuclear steas supply systems are housed in containment vessels designated as
Mark I containments. Twenty-five BWR facilities with Mark I containments have
been, or are being, bullt in the United States. The original design of Mark I
containments considered postulated accident loads previously associsted with
containment design. These loads included pressure and temperature loads
sssociated with a loss-of-coolant accidect (LOCA), seismic loads, dead loads,
jet-impingement loads, hydrostatic loads dur to water in the suppression
chamber, overload pressure test loads, and construction loads. However, since
the establishment of the original design criteria, additional suppression pool
hydrodynamic loads have been identifisd in the course of large-scale testing
of Mark 111 containments and during in-plant testing of Mark I containments.
Consequently, in Pebruary and April 1975, the U.S. Wuclear Regulatory
Commission (NRC) transmitted letters to all utilities owning BWR facilities
with Mark I tai ts, requesting that the owners quantify the hydrodyna ic
loads and assess the effect of these loads on the containments. A detailed
presentation of the probles and the program for resolution are included in the

NRC's safety evaluation reports for the short-term program and the long-term
program. The objective of this paper is to present certain important features
of the structural reevaluations for hydrodynamic loading, and structural
modifications which were required during the short-term and long-ters prograss
for Mark I containments. In addition, the criteria developed at the Pranklin
Research Center for auditing the structural analyses presented in plant-unique
anal/sis reports by Mark I c.aers are briefly explained. All utilities owning
Mark I BWR facilities are reaquired to submit plant-unigue analysis reports in
order to demonstrate that the originally intended safety margin is restored
after all n-cessary structural modifications are made.
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1. Jatroduction
The Mark I contsinment is designed to condense steas released during »
postulated LOCA and to serve as a source Of water for the smergency core cool-
ing system. It consists of a drywell, & toroidal pressure suppression chamber,
s vent systes, containment isolation valves, containment cooling sysctems, and
other service equipment. Pigure i shows the major components of the Mark I
contalnment. The SUPPress.c. chamber in Brunswick Units 1 and 2 is & rein-
focced concrete torus with a steel liner. Por all other Mark I plants, the
suppression chamber is & toroidal steel pr . 1. The Mark I vent
system typically has 8 to 10 main vents and 48 to 120 downcomers. Table I
lists the plants with Mark I containment that are licensed for operation or
are being built in the United States. The original Sesign criteria of these
plants did not include the suppression pool loads due to hydrodynamic phenomena
“:fﬁ':i'ﬁ?od in the course of large-scale testing of Mark III containments and
during (n-plant testing of Mark I containments. Consequently, several
concerna arode regarding the margin of safety existing in the original design;
in 1975, the NRC initisted comprehensive programs for resolving these
concerns. Bor & complete understanding of these concerns and their resclution
the reader is referred to the safety evaluation reports [1, 2] issued by the
NRC. Important features of the Mark 1 containment reevaluation are prese~ted
in this paper with emphasis on structural aspects of 'tao progras. This paper
does not address details of the hydrodynamic load definition methodology,
related concerns, and their u.olutwa’llm they have been discussed in the
Load Detinition Report presented by the General Blectric Company [3]awd .n +he
oo 3*"3 cvaluaton @povt @3.

2. L3 t od i

Bydrodynamic loads in Mark I containment can originate from a LOCA or
safety relief valve (SRV) discharge phenomens [3). Tha sequence of events
after a postulated LOCA and the potential loading conditions associated with
these events are shown in Pigure 2. Hydrodynamic loads due to SRV actuation
are mainly due to drag and jet impingement on submerged structures, alr~-
clearing, and wutuuw”"uﬂo 11 shows the nteraction of the
hydrodynamic loads due to LOCA and SRV discharge on various structural
components of Mark 1 containment. Most of the concerns regarding the safety
margins existing in the design of United States BWR plants with Mark I
containment have been resolved in the course of the short-ters and long-term
programs cospleted by the affected utilities; the NRC has issued safety
svaluation reports pertaining to these programs (1, 2]. The following
sections of this paper present an overview of the achievesents of the
short-term progras and the long-term program for Mark I containment with
tegard to the structural reevaluation.
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3. Mark I Containment Sboct-Ters Progcam (STP)

The objectives of the STP were (1) to examine the containment of sach BWR
facility with Mark I sontainment design in ocr ar o verify that it would
maintain its integrity and functional capability when subjected to the most
probable loads induced by & postulated design basis LOCA and (2) to verify
that the licensed Mark 1 facilities may continue to operate safely without
undue risk to the health and safety of the public, while & methodicel,
comprehensive long-ters progras (LTP) conducted. It was am that
for the STP, “saintenance of the containment integrity and _u-mu' would be
adequately sssured if a safety margin of at least 2 was demonstrated to exist
for the weakest structural or sechanical component in the Mark I contaiament.

Consistent with the objectives of the STP, review of the newly identified
types of hydrodynamic loads focused on those loads judged to be most signifi-
cant in terms of the structural response of the Mark I containment systes.
Such loads were designated as "primary loads.” The remaining loads were
considered to be of secondary importance and were not considered further in
the STP. The primary loads for the STP were defined by conaidering all
existing applicable test data, both dosestic and foreign, related to the
hydrodynamic phenomena postulated to occur in a Mark I suppression chasber.
In addition, where sufficient test data did not exist for specific loading
conditions, small-scale tests on a toroidal segment-of & Mark I suppression
chamber were performed to provide an estimate of the loading magnitudes. The
hydrodynamic load combinations were then specified for & typical (i.e.,
reference plant) Mark 1 suppression chamber. Where structural analyses
indicated a need, load variation functions were developed from test data and
analytical models to define the loading conditions for specific suppression
chamber configurations.

Az the STP progressed, the structural evaluation of the critical slemsents
separated into two parts: (1) an assessment of the integrity of the
structures, equipment, and components located within the suppression chasber
for all plants, and (i) an assessment of the integrity of the suppression
chamber, chasber supports, and the piping systems externally attached to the
suppression chamber for operating plants. Where necessary, material testing
programs were conducted to support the snalysis of specific critical elements,
and the “as built® configuration of certain plant-specific critical elesents
was confirmed by field inspections conducted by the NRC's Office of Inspection
and Enforcesent. Table 111 indicates some of the plant modifications found
necessary ducing the STP. The acceptance criteria for the structural
evaluations established the methods of analysis, methods for load application,

loading conditions, and PR ILR SR
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Purther details on the STP and the NAC's conclusions are described in
Reference 1. It was concluded in Meference 1 that a sufficient margin of
safety had been temonstrated to assure the functional performance of the Mark
1 containment, and hence the N~ granted the operating Mark I facilities
exsnptions relating to the strustural factor of safety requiremsnts of
10CPRS0.55(a) . These exenptions were granted fou an interis period of
appronimataly 2 years while the comprehensive LTP was being conducted.

4. mark ] Containment Long-Term Progras (LTP)

The objectives of the LTP were to establish design-basis (conservative)
loads that are appropriate for the anticipated life of each Mark I BWR
facility (40 years), and to restore the originally intended design-safe.y
wmargine for each Mark I containment.

Most of the LTP tasks were directed toward the development of experi-~
mental and analytical inforsation that could be used to develop generic
suppression pool hydrodynamic load definition and assessment procedures.

Other tasks provided information concerning potentisl structural modifications
and hydrodynamic load mitigation technigues that could be used to implement
the program in the plant-unigue analyses.

During July and August 1976, the Mark I Owners Group made several
presentations to the NRC staff regarding the proposed content and schedule for
completion of the LTP. Much of ti:is information was subsequently documented
in the "Mark I Cntainsent Proquam, Prograsm Action Plan® submitted to the NRC
(4).

As & result of KaC staff comsents and questions on this document, the
Mrk I Owners Group revised several of the proposed LTIP tasks and objectives.
These cw'i*/ons were discussed with the NRC staff in meetings beld in Pebruary
1977 and are docusented in Revision 1 to the "Mark I Containsent Progras,
Program Action Plan® (5). During the course of the LTP, additional revisions
(6, 7) were made to the Progras Action Plan to reflect task scope and schedule

changes that evolved from the initial results of specific tasks. _
citecia Dant Ungque Analyais Aﬂmuﬂcn
The generic aspects of the LTP were eted with the submittal of the

*Mark I Containment Program Load Definitibn Meport® (3] and the "Mark I (DuAA.G)
Containment Program Structural mm‘muo' (8], as well as supporting
reports on the LTP experimental and anslytical tasks. The requirements
resulting from the NAC's evaluation of the LTP presented in Meference 2 are
being used by sach BWR/Macrk 1 licensee to perfors plant-unigue analyses.
These analyses are intended to confirs that the originally intended safety
margins have been restored after the necessary modifications. Reference 2
indicates that the luuetud\l‘:c:pum criteria for the plant-unigue

anal sis proposed in the (8] are
aco«ptable to the NRC. These criteria are briefly examined in the following
section.
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$. Structural Acceptance Criteria for Plant-Onigue Analyses
pene ok the a8
no?:uncuotfl acceptance criteris for plant-unique analyses ese

precented in the Phans Unique Analysis Applicstiow-Gerde [PUAG] (8] el
PuepcEE DT the-SOANG is to allow consistent application of u{‘w
sccepeenes Criteris by those evaluating sach of the specific containsents,
The following aspects are addressed in the PUMAG (8):

a. Code classification based on the ASME Boiler and Pressure Vessel Code
9.

b. Load combinations and gorizations b d on the load Definition
Beport (3).

€. Meference to code and standard rules, procedures, and criteria to be
followed for all structural elements.

d. Alternative structural acceptance criteria.

®. When required, descriptions of the minisum analytical msodels or
procedures to be followed anéd other guides concerning the
plunt-unique analysis.

6. - t v

At present, & post-implementation review of the Mark I containment
structure is being conducted by the NRC, aided by its consultants, Pranklin
£ ch C (str a4l analysis) and Brookhavep National Laboratory
(loads). As part of this program, Pranklin Research Center is suditing
plant-unique analysis (PUA) reports of Mark I facilities in order to determine
their technical adequacy and compliance with the criteria [(8). The audit is
based on & review of a set of key items in the PUA reports, as explained in
the avdit procedure developed by the Pranklin Research Center [10). After a
preliminary review, an Interim Technical Bvaluation Report is issued
containing a request for additional information on any aspect of the report
requiring clarification. BSpecifically, the licensee is requested to justify
any deviation from the criteria unless the licensce's approach is determined

to be more conservative than the criteria requirements. More emphasis 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

umu:omgf:“l:o: to use the generic approaches proposed by the Mark I Owners

Group ¢a,\uu'3 analysis of piping and for vacuum bDreaker valve analysis.

m.“odlhauou of critical structures such as torus and torus

Ssupports have Wedped=ee restore, their originally intended margins of uhty;nc:..“....gf“,-.
with ‘ood mitigation devices such as the T-quencher and vent deflector weleswtsy

wedped to reduce the hydrodynamic loads.
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7. gemclusion
The structural reevalustion of Mark I containment for mewiy identified
bydrodynasiv losds s weasiuy successful completion due to the joint efforts
of the affected utilities, their consultants, end the MC on solving Hhe complex
analyticel, experimental, and engineering aspects of the problem. T™he
preliminary findings of the Pranklin Research Center post-implementation audit
©f the PUA reports of some of the affected plants indicate that the licensess
have generally complied with the requirements of the criteria n‘fc X
- ‘ ‘aken L TR
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TABLE I

LISTING OF DOMESTIC BWR PACILITIES WITH THE
MARK | CONTAINMENT SYSTEM

Plants Licensed for Power Operation
Bcowns Perry Units 1, 2, and )

Brunswick Units 1 and 2
Cooper Station

Dresden Units 2 and 3
Duane Arnold

PitsPatrick

Hatch Onits 1 and 2
Millstone Unit 1
Monticello

Nine Mile Point Unit 1
Oyster Creek

Peach Bottom Units 2 and 3
Pilgrim Onit 1

Quad Cities Units | and 2

Versont Yankee

Plants Under Construction
Perml Onit 2

Hope Creek Units 1 and 2

Licensee
Tennesses Valley Authority
Carolina Power and Light
Webraska Public Power District
Ccmmonwealth Bdison Company
lowa Electric Light and Power
Power Authority, State of New York
Georgia Power Company
Northeast Nuclear Energy Company
Morthern States Power Company
Riagars Mohawk Power Corporationm |,
Jersey Central Power and Light .
Philadelphia Electric Company
Boston Bdison Company
Commonwealth Edison Company
Yankee Atomic Electric Company

Detroit Baisfon Company
Public Service Electric and Gas

Table II.

Structural loads Matrix
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Table III. LISTING OF STP MODIFICATIONS TO MARK I
TORUS SUPPORT SYSTEM COMPONENTS (1)

PLANY ~Aweewr WOOIPICATIONE

DUANE ARNOLD 1. Uplift anchor brackets wers added

BROWNS FERRY 1. Bingle vent header columns changed to twin columns
owWITS 1, 2, ND 3 and SRV line restraints stengthened

COOPER 1. Web reinforcing plates added to each side of the

torus support column at the column-torus shell weld

DRESDEN UNITS 2 AND 3 1. Jackets added to inner torus support column and
bearing blocks installed in inside pin connections

FITIPATRICE 1. Checkered plate catwalks removed

BATCH UmIT 1 1. Strengthened the torus support column to torus
shell welds and reinforced the torus support
colusn connection to the torus by adding guaset
plites

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

MILLSTONE UNIT 1 1. Two new anchor bolts added on both inner and outer
torus support columns

2. Jackets added to inner torus support column and
bearing blocks installed in inside and cutside pin
connect ions

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

MONTICELLO 1. Jackets added to inaide and cutside torus support
columns, bearing blocks installed in inside and
outside pin connections, sdditional anchor bolts
installed

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

NINE MILE POINT 1. Checkered plate catwalks removed

UNIT 1

PILGRIM 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 CITIRS 1. Mdition of weld matecials to existing web and

UNITS 1 AND 2 flange welds at the torus column to torus shell
connect ion

VERMONT YANKEE 1. wWodifications were made in March 1976 to provide
tie-down to the torus support columns

PEACH BOTTOM 1. Saddle supports added to Units 2 and 3

UNITS 2 AND 3

HATCH UNIT 2 1. Saddle supports added to the torus

2. Vent header support column connections strengthensd
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