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ABSTRACT

Nebraska Public Power District (NPPD) has completed the
reevaluation of the Cooper Nuclear Station (CNS) Mark I
containment system. This reevaluation was performed in response
to the Nuclear Regulatory Commission's (NRC) requirements for
resolving the "Unresolved Safety Issue" designation (pursuant to
Section 210 of the Energy Reoorganization Act of 1974) as it
pertains to CNS,. The Nk. requirements resulted from the
identification of suppression pool hydrodynamic 1loads not
considered in the original boiling water reactor Mark 1T
containment design.

This Plant Unique Analysis Report describes the evaluations
performed by NPPD to demonstrate that the plant modifications
installed at CNS 1in response to the NRC requirements are
sufficient to restore the original margins of safety for the
containment system, This report covers the CNS plant unique
suppression pool hydrodynamic load definitions, the structural
assessments for these load definitions, and the evaluation of the
structural response against the Mark I Program Structural
Acceptance Criteria. These evaluations consider the plant
configquration after the installation of extensive modifications to
upgrade the safety margins of the CNS containment for the newly

defined loads.

The results of the plant unique containment evaluations indicate
that the modifications installed at CNS are sufficient to satisfy
the Mark I Long-Term Program criteria. Completion of these
modifications by September 1982 thereby satisfies the requirements
of the NRC for restoration of the original margins of safety for
the CNS containment system.
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COOPER NUCLEAR STATION

PLANT UNIQUE ANALYSIS REPORT

SECTION 1

INTRODUCTION AND DESIGN CRITERIA




1.1 INTRODUCTION

1.1.1 Objective and Scope

The objective of the Plant Unique Analysis Report (PUAR) is to
document compliance with Mark I Containment Program requirements
for the Cooper Nuclear Station (CNS) containment system and
associated piping. These requirements involve demonstration that
the originally intended design safety margins are restored for
hydrodynamic loads which were not explicitly included in the
original design. This reassessment was made using conservative
load definintions, analysis methodologies, and structural
acceptance criteria that are both consistent with applicable codes
and standards and appropriate for the life of the facility.

Submittal of this report is Nebraska Public Power District's
(NPPD) response to the Nuclear Regulatory Commission's (NRC)
letters transmitted in February and April 1975 (References 1
and 2) relating to hydrodynamic loadings associated with Safety/
Relief Valve (S/RV) discharges and the Loss of Coolant Accident
(LOCA) events. The report also satisfies the NPPD's commitment to
the Commission as a member of the Mark I Owners Group. Review and
approval of this report will eliminate the "Unresolved Safety
Issue" designation (pursuant to Section 210 of the Energy
Reorganization Act of 1974) assigned to this program as it
pertains to CNS.

The report consists of eight major sections:
Section 1 includes the design criteria, the containment des-
cription (including recent modifications), and a summary of the
requalification results;
Section 2 includes thermal-hydraulic parameters, original design

loads, LOCA and S/RV discharge-related load definitions, and
load combinations for the major containment system components;

1-1



Sections 3 through 6 describe the design load combinations, al-
lowable stresses, analysis methods and results, and ASME Boiler

and Pressure Vessel Code evaluations for the torus shell and
supports, vent system, S/RV discharge piping, torus attached
piping, and torus internal structures;

Section 7 discusses the suppression pool temperature evaluation;
Section 8 includes references and appendices.

The PUAR summarizes more than five years of complex analysis and
design work using state-of-the-art analytical tools and techniques.
Thousands of manhours were expended in response to NRC concerns
with containment integrity. The primary objective was to enhance
the performance of the pressure suppression system and improve
design safety margins through component modifications or the
addition of new systems.

1.1.2 Problem Definition

The original design of the CNS Mark I containment system
considered postulated accident loads previously associated with a
LOCA, seismic loads, dead loads, jet-impingement loads,
hydrostatic loads due to water in the suppression chamber (torus),
overload pressure test loads, and construction loads. However,
since the establishment of the original design criteria,
additional loading conditions associated with the
pressure-suppression concept utilized in the Mark I containment
system design have been identified. These additional loads result
from dynamic effects of drywell air and steam being rapidly forced
into the suppression pool during a postulated LOCA and from
suppression pool response to S/RV operation associated with plant
transient operating conditions. Because these hydrodynamic loads
were not explicitly considered in the original design of the
containment system, NPPD received NRC requests in early 1975 that
these loads be quantified and an assessment be performed of the
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effects of these 1loads on the Cooper Station containment
components.

Recognizing that these evaluation efforts would be similar for all
Mark I Beiling Water Reactor (BWR) plants, NPPD joined an ad hoec
Mark I Owners Group with General Electric (GE) as the lead
technical organization. The objectives of the Owners Group were
to determine the magnitude and significance of these dynamic loads
and to identify courses of action needed to resolve outstanding
safety concerns. The Mark I Owners Group divided this -ask into
two programs: a Short-Term Program (STP) for early assessment of
critical components and a Long-Term Program (LTP) for final
resolution of the issues.

1.1.3 Short-Term Program

The objectives cf the Short-Term Program were to verify that the
CNS Mark I containment system would maintain its integrity and
functional capability when subjected to the most probable loads
induced by a postulated design-basis LOCA and to verify that
continued plant operation was not inimical to the health and
safety of the public. The STP justified interim plant operation

while further tests and evaluations were conducted during the
comprehensive LTP.

The STP evolved into two areas of investigation: (1) an evaluation
of loads on structures within the torus, and (2) an evaluation of
the integrated loads on the torus structure which are transmitted
to its supports. The loads on the structures within the torus
were based on impact data developed from Mark III containment
tests conducted at the GE Pressure Suppression Test Facility
(PSTF) coupled with pool swell velocity data derived from scaled
Mark I test facilities. The loads on the torus structure and its
external supports were based on series of tests performed in a

1/12-scale facility representing a segment of a typical Mark I
torus.
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The STP task of evaluating the integrity of the torus internal
structures for Mark I BWR facilities is documented in a five volume
report which was submitted to the NRC in September 1975
(Reference 3). On December 2, 1975, GE submitted Addendum 1
(Reference 4) to this report, which addressed potential pool swell
impact on S/RV discharge piping and the vent system bellows
assembly within the torus. Additional information was provided in
response to NRC questions on the STP Final Report. These responses
were compiled in a letter to the NRC dated September 9, 1976
(Reference 5) which was submitted by GE on behalf of the Mark I
Owners Group.

During the STP review, structural safety margins were increased by
implementation of procedures to maintain a differential pressure
of ac least one pound per square inch between the drywell and the
torus during reactor operation. These procedures currently remain
in effect. 1In addition, during the course of the STP review, NPPD
performed modifications to the containment support system to
provide additional design safety margins.

As a result of differences in the design of the torus support
systems at Mark I BWR facilities and due to the sensitivity of the
predicted structural response of the torus support system to
variations in applied loads, the %RC required that NPPD perform a
plant unique analysis of the torus support system and piping
attached to the torus. 1In April 1976, GE submitted a summary of
the actions being taken by the Mark I Owners Group to complete the
STP evaluations, including a description of the program for the
plant unique analyses of the torus support system and external
torus attached piping (Reference 6). Subsequently, this report
and its associated acceptance criteria were revised to incorporate
the results of discussions held in several meetings between the
Mark I Owners Group and the NRC staff. As revised, the plant
unique analysis Structural Acceptance Criteria require a factor of
safety against failure of two for each component of the torus
support and piping systems.
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findings and modifications to this material 1in the Safety
Evaluation Report (SER) for the LTP (Reference 11). With very few
exceptions, the requirements resulting from the staff evaluation
were used to perform the plant unique reassessment of the CNS
containment and piping systems and to design plant modifications
which satisfy all LTP criteria.

1.2 DESIGN CRITERIA

This subsection reviews the design criteria established for the
Mark I containment LTP and used in the CNS structural
reevaluation. Deviations from these criteria are also summarized
in this subsection.

1.2.1. Design Specifications

1.2.1.1 Original Specifications

The original design of the drywell, wetwell, and vent system was
performed in accordance with the ASME Boiler and Pressure Vessel
Code, Section III (Reference 12). The original code of record
included the latest addenda as of June 1967 and included Code
Cases 1330-1 and 1177-5.

Piping systems were designed using USAS B31.1 (1967) and USAS
B31.7 (Feb. 1968) Power Piping Codes (References 13 and 14).
As-built verification of these piping systems as required by IE
bulletins 79-02 and 79-14 was considered separate from any Mark I
program design criteria. Completion of the 79-02 and 79-14
programs on the torus attached piping systems preceded the
reanalysis and modification of these systems for LTP
requirements. Original design requirements for pipe supports and
other structural members were obtained from the AISC Code
(Reference 15).

Design information regarding containment and ECCS performance was
obtained from the CNS Final Safety Analysis Report (FSAR)
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(Reference 16). Technical Specification requirements through
Amendment 77 were used in the containment evaluations. Changes to
CNS Technical Specifications either resul’ting from the Mark I LTP
studies or occurring simultaneously with the studies were factored
into the design basis.

1.2.1.2 Specifications for Modifications

Modifications to containment components and supports were
designed, fabricated, and installed in accordance with the
requirements of the ASME Boiler and Pressure Vessel Code, Section
ITT (including Summer 1977 Addenda). Modifications involving new
structural components (including new pipe support installations)
were also designed, fabricated and installed to these requirements.

Modifications to existing structural components were designed,
fabricated and installed to the requirements of the original code
of record. This code of record was typically the latest edition
of the AISC Code.

1.2.2 LTP Design Requirements

Design criteria for the Mark I Long-Term Program include both the
definition of the newly-identified hydrodynamic loads and the code
evaluation regquirements for containment components. These
criteria are summarized in this subsection. Any alternative
approaches or interpretations of these criteria used in the CNS
reevaluations are summarized in this subsection.

1.2.2.1 New Design Requirements

The load definition procedures for suppression pool hydrodynamic
loads used in the CNS containment reevaluations were taken from
the Load Definition Report (LDR), Revision 2, November 1981
(Reference 17). 1In cases where the NRC concluded that the LDR
procedures were unacceptable, the requirements of the NRC
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Acceptance Criteria (Reference 18) were followed. This acceptance
criteria is provided as an appendix to the Safety Evaluation
Report (NUREG-0661) which provides the bases for these
requirements, The NRC Acceptance Criteria used in the CNS
containment reevaluations was Revision 1, dated February 1980.
These revisions of the SER and Acceptance Criteria did not address
the final downcomer lateral 1load definition for condensation
oscillation (CC) nor did they address the final Full Scale Test
Facility (FSTF' tests for CO. The CNS reevaluations used design
loads developed by the Mark I program in response to NRC concerns
as referenced in this report. This approach anticipates NRC
acceptance of these load definitions in the final revision of the
SER to be issued by the NRC at a later date.

These criteria address only those events or event combinations
which involve suppression pool hydrodynamic loads. Other loads in
the event combinations were reviewed and approved by the NRC in
the FSAR for CNS. However, these loads are discussed in the SER
because improved analysis techniques have e.olved since the time
the FSAR was reviewed. Unless otherwise specified, any loading
condition or structural analysis technique not addressed in the
SER are defined in accordance with the approved FSAR for CNS.

The structural and mechanical acceptance criteria and the general
analysis techniques were obtained from the Mark I LTP Structural
Acceptance Criteria Plant Unique Analysis Application Guide
(PUAAG) (Reference 19). The PUAAG was also reviewed by the NRC
and accepted for use without modification in plant unique
analyses. The ASME Boiler and Pressure Vessel Code, Division 1,
Section III, including Summer 1977 Addenda is generally used in
demonstrating the margins of safety required for steel structures

and piping. This criteria is referred to as "the Code" throughout
this report.
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torus buckling will not occur as a result of LOCA and S/RV
discharge dynamic loads. Since the CNS torus shell
geometry has a lower diameter/thickness ratio than the
torus shell considered in the generic study, the results
of this study can be conservatively applied to the CNS
configuration., This approach is in accordance with the
intention of the ASME code (Subsection 3.2.2.2).

(5) The LDR procedure for defining torus shell pressure loads
fcllowing an S/RV actuation assumes that pure air mass is
in the S/RVDL prior to the valve opening. For S/RV
discharge load cases involving ADS actuation during an
IBA/SBA event, torus shell pressure loads were defined
using an initial 30% relative humidity in the S/RVDL
(Subsection 2.5.4).

The appropriate subsections of this report where further
description and justification for each approach can be found are

shown above in parentheses following each approach.

1.3 CONTAINMENT AND MODIFICATION DESCRIPTION

1.3.1 General

Cooper Nuclear Station is a BWR 4 Mark I operating power plant
owned by NPPD. It was built in the early 1970's, has a net
qenerating capacity of 778 MWe. CNS has been in op.oration since
July 1974. The primary containment components are the drywell,
wetwell, and an interconnecting vent system which are typical of a
GE Mark I BWR containment design. A composite of the containment
system is shown in Figure 1.1.

o T Drywell

The drywell is a steel pressure vessel supported in concrete, with
a spherical lower section and a cylindrical upper portion. The

1-10



shell is fabricated of SA-516 Grade 70 steel and has a nominal
shell thickness of 3/4 to 1-1/2 inches. The drywell houses the
biological shield wall, reactor, reactor pedestal, reactor coolant
recirculation system and other piping, valves, and eguipment
essential to system functions.

1.3.1.2 Wetwell

The wetwell is a toroidal cylindrical shell located below the
drywell containing a large pool of water for pressure suppression
during postulated LOCAs and S/RV discharges. The torus is
fabricated from sixteen mitered cylindrical segments and has a
centerline elevation of 876 feet 7-1/2 inches. The torus is
constructed of SA-516 Grade 70 steel and has a shell thickness of
C.616 and 0.688 inches at the top and bottom half, respectively.
The shell is stiffened by sixteen internal ring girders located at
each miter joint of the torus. The torus is supported by saddle
assemblies which transmit operational, accident, and seismic loads
to the reinforced concrete foundation slab of the reactor
building. These supports consist of a pair of columns connected
by saddles at each miter joint. In addition to its pressure
suppression functions, the torus houses S/RV discharge devices,
vent system components, protective structural members, Emergency
Core Coolant System (ECCS) suction nozzles, turbine exhaust
piping, coolant recirculation piping, monitoring accessories, and
other non-essential structures. The basic geometry and components
internal to the torus are shown in Figure 1.2.

1.3.1.3 Vent System

In the event of a LOCA, the vent system provides a flow path to the
wetwell suppression pool for condensation of steam released in the
drywell. At the end of a LOCA transient, when ECCS water spills
out of the break and rapidly reduces the drywell pressure, vacuum
breakers installed on the vent system equalize the pressure
between the two vessels, thereby protecting the drywell and vent
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system from negative pressures in excess of design values. The
eight S/RV discharge lines (S/RVDLs) are also routed through the
main vent and terminate in a quencher discharge device located in

the suppression pool. The vent system provides a contained path
for the maintenance of a pressure differential between the drywell
and the wetwell.

The vent system consists of eight main vents connecting the drywell
air space to the wetwell. These vent 1lines extend to the
approximate centerline of the torus, where they are connected to a
common vent header located above the suppression pool. The vent
header is suppported by a pair of hangers at each ring girder
location. The vent system includes forty pairs of partially
submerged downcomers connected to the vent header. The vent
system also has twelve vacuum breaker valves, two each at six of
the main vent intersections on the vent header. The vent header
is protected from LOCA-related pool swell impact loads by a
deflector device suspended below the header.

1.3.2 Structural Components

1.3.2.1 Torus Shell and Supports

The torus has an inside radius of 14 feet 4-1/Z inches and a
toroidal centerline radius of 50 feet 10-1/2 inches from the
centerline of the reactor. The original construction of the torus
support system consisted of two columns at each miter joint. Each
column was fabricated from a W1l4x136 rolled shape of A-36
material, except for a short upper portion interfacing with the
torus shell. This upper section was fabricated plate, equivalent
to a Wl4x136 of SA-516 Grade 70 material. The upper end of the
columns was welded to the torus shell. The column base plates
bear on lubrite plate assemblies which allow for thermal expansion
of the torus. The base of the column was stabilized by means of
diagonal bracing of double angles ccnnected to the shell. As a
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result of torus requalification for new loading conditions, three

major modifications were made to the original torus support
. system. These modifications are:

(1) Reinforcement of the column support configuration to
improve safety margins for LOCA and S/RV discharge loads.

(2) Addition of saddles connecting the two cclumns at sixteen
ring girder locations to enhance the response characteris-

tics of the torus structure during dynamic events.

(3) Stiffening of the ring girder web to achieve a load
transfer mechanism for LOCA and S/RV discharge drag loads.

1.3.2.1.1 Torus Support Column Modifications

The torus support columns were modified to increase their original
capacity for new design loads. Basically, the modifications
. consisted of the following:

(1) Reinforcement of the basic cclumn section to increase its
structural strength.

(2) Addition of base anchorage assemblies to provide
resistance against uplift forces.

(3) Reinforcement to the weldment connecting the column to the
torus shell.

The strength of the outside columns was increased by means of
welding two l-inch x 1l6-inch A-36 reinforcing plates between the
opposite flanges, such that a box section was formed. The inside
columns were reinforced with two 3/4-inch x 1l6-inch A-36 plates in
an identical manner. The bottom edge of tne reinforcing plates
was connected to the base plate for an effective transfer of the
‘ column tensile load. As a result of this reinforcement, the



cross-sectional area of the columns was increased by 80% and 60%
for the outside and inside column, respectively.

The base anchorage assembly at each column location consisted of
four 2-inch diameter A-615 Grade 75 anchor bolts grouted in
core-drilled holes in the reinforced concrete foundation mat. A
box beam assembly orc a bracket arrangement of various
configurations was installed on top of the base plate and around
the column, to transfer the column tension reaction to the anchor
bolts. The anchor bolt nuts were torqued "snug-tight" and backed
off % turn to allow the columns to translate in a radial direction
as a result of torus thermal expansion. The variations in the
configuration of the box beam assemblies and the anchor bolt
locations at each column base were due to limitations on the
cutting of reinforcing steel in the foundation slab during the
core drilling process.

The weldment connecting the support columns to the torus shell was
reinforced by means of additional full penetration weld over an
arc length of 23% inches. The outside column web interfacing with
the torus shell was reinforced with two 3/4-inch SA-516 Grade 70
plates to provide the additional weldment. The web reinforcement
for the inside column consists of two X-inch SA-516 Grade 70
plates. Details of a typical reinforced torus support column are
shown in Figure 1.3.

1.3.2.1.2 Torus Saddles

As part of the torus support modifications, saddle supports were
installed at each of the sixteen ring girder locations. The
primary reason for installing the saddles was the inadequacy of
the original support configuration to inhibit the tendency of the
torus shell to ovalize at frequencies close to the predominant
frequencies of the new hydrodynamic loads. The addition of the
saddles alters the stiffness characteristics of the torus, thereby
inhibiting thiy: ovaling mode of response. This reduced
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ovalization results in a significant reduction in shell stresses.
Additionally, the torus saddle shares the overall compression
reaction loads with the torus columns, relieving the highly
stressed region at the column connection to the shell.

Figure 1.4 shows a typical saddle configuration consisting of a
contoured saddle web plate, a 20-inch-wide flange plate, and
stiffener plates at various locations. The saddle is fabricated
from lk-inch thick SA-299 plate, has two intermediate bearings
located on the foundation slab, and connects to the torus support
column at the edges. The web of the saddles is aligned with the
web of the internal ring girder and is connected to the torus
shell by a partial penetration weld with fillet reinforcement.
Prior to welding, a weld overlay was applied to the torus shell to
protect the shell plate material. Connection of the saddle web to
the torus column flange is by means of two 3/4-inch fillet welds.
The intermediate bearings consist of a 1/2-inch self-lubricating
bearing plate installed between a base plate and a sole plate.
The base plate is a 1-1/2 x 29 x 36-inch plate anchored to the
foundation slab for seismic resistance. The sole plate is a 3-1/2
X 22 x 42-inch plate with a machined surface that bears on the
lubricated plate. Each bearing location has three stiffener
plates for load distribution and web stabilization.

1.3.1.2.3 Ring Girder Modifications

The ring girders were strengthened to resist additional reaction
loads from miscellaneous pipe supports inside the torus. Web
stiffeners were added between the top flange of the ring girder
and the torus shell. Also, the existing weld connecting the ring
girder web to the torus shell was locally reinforced with
additional fillet welds at the platform support column locations.
Web stiffeners were added at eight locations on each ring girder
to resist various drag loads and to transfer the ring girder
reactions to the saddles.
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1.3.2.2 Vent System and Supports

The major components of the vent system are the main vent, bellows
assembly, vent header and downcomers, deflector, vent supports, and
drywell/wetwell vacuum breakers. A description of these components
and Mark I program modifications are provided below.

1.3.2.2.1

Main Vent

There are eight main vents equally spaced around the base of the
drywell. Figure 1.5 shows an elevation of a typical main vent (one
of four with S/RV discharge 1line penetrations). The 5-foot
ll-inch inside-diameter main vent is constructed of SA-516 Grade
70 steel with a nominal thickness of 1/2-inch inside the torus and
3/8-inch externai to the torus (the four main vents without the
S/RV discharge line penetrations have a nominal thickness of 1/4
inch inside the torus). The bottom section of the main vent in

the region of the two S/RV discharge piping penetrations is l-inch
thick.

1.3.2.2.2 Bellows Assembly

An expansion bellows is installed on each main vent at the torus
penetration to isolate the two components thereby preventing
interaction during differential thermal movements and dynamic
excitation. The bellows are approximately 39 inches long and 80
inches in diameter, and consist of two stainless steel sections,
each having four convolutions (1 ply, 1-1/2-inch pitch, 2-inch
height) protected by a 1/8-inch thick carbon steel cover plate.
The bellows assembly has the following design characteristics:

- Ply thickness 0.078 inch

- Axial extension 0.375 inch

B Axial compression 0.875 inch

. Lateral displacement + 0.625 inch

. Axial spring rate 8,770 pounds/inch
N Lateral spring rate 75,700 pounds/inch
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1.3.2.2.3 Vent Header and Downcomers

A plan view of a typical vent header segment is shown in Figure
1.6. The figure shows the details of the transition from the
4-foot 2-inch diameter vent header to the 5 o>t ll-inch diameter
main vent intersection, including the T junctio: and associated Y
stiffeners. The vent header circumscribes the torus at a center-
line elevation of 880 feet 11 inches (5 feet 9 inches abcve the
pool high-water level) as shown in Figure 1.2.

Forty downcomer pairs are located on the vent header as shown in
Figure 1.6. A typical elevation of a downcomer pair is shown in
Figure 1.7. Each downcomer has been modified with reinforcing pads
and stiffener plates (5/8-inch SA-516 Grade 70 plate) to reduce
stresses at the intersection. The original downcomer tie angle and
connection rings have been replaced with the new tiebar configura-
tion shown in the figure. In addition, the original downcomer
maximum submergence of 4 feet 4-1/2 inches has been reduced to 3
feet 4 inches by truncating the downcomer legs.

1.3.2.2.4 Vent Header Deflector

A vent header deflector device was installed to protect the 1/4-
inch-thick vent header from pool swell impact loads resulting from
a design basis LOCA. The underside of the deflector pipe is
approximately 4 inches above the suppression pool (at maximum
water level). Details of the deflector and the support
arrangement are shown in Figure 1.8. The deflector supports are
welded to the clevis assembly at the top of the original pipe
support columns.

1.3.2,2.5 Vent System Supports

The original vent header supports consisted of two 6-inch diameter
schedule 80 pipes connecting the vent collar to the web extension
plate at each ring girder location. The top and bottom of the
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support columns were connected by means of a clevis and pin
arrangement which 1illowed column rotation to accommodate thermal
expansion of the vent system. In their original location, these
columns were subjected to high submerged structure drag loads.
Reinforcement for these loads would increase the severity of the
loads due to the larger submerged surface area. Therefore, the
vent header support system was modified by removing the columns
and suspending the vent header from each ring girder. Figure 1.9
shows the modified support system geometry. The modification
consists of two 6-inch diameter schedule XXS pipes suspended by
means of a 2-3/4-inch diameter pin connection at the top and
bottom. The criginal upper clevis connection to the vent header
collar was retained as part of the support for the deflector pipe.

1.3.2.2.6 Vent System Vacuum Breakers

The vent system is equipped with twelve 18-inch GPE vacuum
breakers. These check valves (normally closed) are located in
pairs at six of the eight main vent/vent header intersections.
The vacuum breakers maintain the wetwell pressure at a value less
than or equal to the drywell pressure by permitting air flow from
the wetwell to the drywell when the wetwell is pressurized and the
drywell 1is slowly depressurized. This vacuum relief function
prevents pool water from entering the vent system and limits the
negative pressure differential on the drywell and vent system.

Since the vacuum breaker valves are cantilevered from the vent
system and located near the center of a vent bay, they are
subjected to high pool swell impact and froth impingement loads
during a DBA. The valves were modified by installing vertical
stiffener and vent pad plates as shown in Figure 1.10. The
stiffeners were fabricated from 5/8-inch thick SA-516 Grade 70
steel plate. The valve modifications were necessary to satisfy
the Code pressure boundary requirements at the vent penetrations.
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1.3.2.3 Miscellaneous Torus Internals

This subsection addresses only torus internal structural compon-
ents; other piping and nonstructural internals are described in
Subsection 1.3.3.

1.3.2.3.1 Service Platform

The service platform is a 3-foot wide catwalk installed above the
pool surface inside the torus. It has an extended work area at six
locations in the vicinity of the main vent/vent header intersection
for access to the drywell/wetwell vacuum breakers. The platform is
fabricated from structural channels and angles, and supported fcom
below by angle posts connected to the ring girders or torus shell.
An analysis to evaluate safety margins of the various platform
components for LOCA pool swell impact and drag loads indicated
unacceptable levels of deformation for these components. Accord-
ingly, modifications were made to restore structural safety margins
to an acceptable level. 1In summary, the modifications consisted of
replacement of the angle posts and channel support framing at the
ring girders, installation of stionger and additional supports,
platform horizontal b»racing, and provisions for additional anchor-
age of the grating to the channel framing members.

The existing angle posts were replaced by a 4-inch-diameter
schedule XXS pipe welded to a pipe sleeve connected to the ring
girder flange. The existing channel cross-beam was replaced by a
4x10x%-inch tubular section at each ring girder. The stringer
channels were braced with 2x2x%-inch tubular sections for lateral

stab . lity. Also, these channels were supported by additional
diagonal supports of 3~ or 4-inch diameter schedule XXS pipe at the
approximate third points to reduce the span length and to transfer
the upward pool swell impact reaction to the ring girder. The
existing grating was further secured by installing a 2-% x 2 x
6-inch-long angle piece welded to the grating and the existing toe
plate. This tie-down installation was repeated at 12-inch
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-71A through -71H. This terminology should not be confused with
the designation of the wetwell piping configurations as discussed
below.

Extensive modifications were made to the S/RVD lines in order to
accommodate the newly defined S/RV discharge and LOCA-related
hydrodynamic loadings. These modifications were:

(1) Drywell routing

(a) Addition of two 1l0-inch vacuum relief valves on each
S/RVDL in order to reduce the amount of water reflood
in the lines following S/RV closure.

(b) Addition of pipe supports, as well as relocation and
reinforcement of existing supports, in order to
accommodate S/RVD thrust lcads or loads transmitted
to the S/RVDLs by motion of the main vent. Table 1.1
provides a line-by-line summary of the pipe support
modifications in the drywell.

(c) Portions of the drywell framing were reinforced for
reactions from S/RVD piping supports. A W12x27 lateral
member spanning between the upper level radial beams
at azimuths 212 and 240 degrees required minor axis
bracing. Four end brackets supporting lower level
radial beams at the reactor pedestal between azimuths
189 and 212 degrees were also reinforced.

(2) Wetwell routing

(a) Rerouting of the piping to minimize load effects from
pool swell impact and submerged structure drag
loads. The modified pipe routing in the wetwell is
shown in Figure 1.14.
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(b)

(c)

After rerouting of the wetwell portion of S/RVDL, two
distinct wetwell piping configurations exist at CNS.
One configuration routes directly to the T-quencher
discharge device in the same bay as the main vent
penetration. This configuration is referred to as
the short S/RVDL (or S/RVDL ™"A"). The second
configuration routes from the main vent penetration,
through the torus airspace of the adjacent non-vent
bay and into the next vent bay where it descends into
the submerged T-quencher discharge device. This
configuration is referred to as the long S/RVDL (or
S/RVDL "B"). This terminology for the wetwell
portion of the S/RVDL should not be confused with the
line designations based on the S/RV number (as
discussed above). When designating the line by S/RV
number, the number 71 will always precede the letter
designation.

Replacement of all schedule 40 piping with
schedule 80.

Addition of T-quencher discharge devices.

The T-quencher discharge device and support configur-
ation are shown in Figure 1.15. The design is based
upon the standard T-quencher assembly developed for
the Mark I Owners Group. The T-quencher arms are
stainless steel TP316L 12-inch schedule 80 pipes
capped at the end with 794 holes per arm. On one end
cap 40 holes are located while the other end cap is
closed. The end cap holes are intended to provide
better thermal mixing during extended S/RV blowdown.
The T-quencher arms are connected to the S/RVDL by a
ramshead component and a 12 x 10 reducer component.
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The T-quencher support arrangement is shown in Figure
E.25; The support consists of a 24-inch diameter
schedule 100 pipe extending across each vent bay at
bottom dead center. A 1l0-inch schedule 80 pipe is
provided in each non-vent bay to act as a brace for
the large support pipe. An extension plate on the
ring girder was installed to accommodate the 24-inch
diameter pipe attachment above the ring girder
flange. Support plates act as guides for the
T-quencher arms. Axial restraint is provided by the
shear key attached to the lower gusset plate on the
ramshead. All eight T-quencher discharge devices
have the same support configuration.

(d) Addition of pipe supports.

Three supports were installed on each long S/RVDL in
the wetwell. A normal restraint was located below the
bend in the piping slightly below the torus high water
level. This restraint was tied to a l6-inch diameter
support pipe which spanned between the two ring
girders in the bay. An axial restraint and a guide
are provided at the ring girder location above the
high water level. No supports are provided on the
short S/RVDL between the main vent and the T-quencher.

1.3.3.2 Torus Attached Piping

A total of 19 large bore (greater than 6 inches) and 25 small bore
(less than or equal to 6 inches) pipes penetrate the torus shell.
The torus attached piping systems are listed by penetration number
and function in Table 1.Z. The large bore lines have primarily
ECCS functons while the small bore lines have instrumentation and
vacuum breaker actuation functions.
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(6) Three torus attached piping penetrations were reinforced.
These penetrations are for the two core spray pump test
return lines (X-223A and X-223B) and one core spray pump
suction line (X-227B). Four 5/8 inch gusset plates were
located around each penetration with welding pads included
between the gussets and the piping and torus shell.

(7) The supports on the four RHR pumps were reinforced for
high shear loads on the baseplate bolts. For each pump,
four 4" x 7" x 1" angle brackets were welded to the edge
of the baseplate and then fit over the edge of the pump
foundation.

1.3.3.3 Torus Internal Piping

The torus internal piping systems are listed by function and pene-
tration number in Table 1.4.

With the exception of the containment spray header, which extends
around the top of the torus and penetrates the torus at two
locations, the torus internal piping consists exclusively of
short, submerged suction strainers and partially submerged
discharge pipes.

Structural modifications performed on the torus internal piping
are summar ized below:

(1) The discharge configuration of the Residual Heat Removal
(RHR) pump test return line was modified. The existiny
10-inch discharge elbow is replaced by a l4-inch elbow
with its discharge oriented 67.5° below a horizontal
plane in the torus. The existing 18" x 10" reducer and
support located on the 10-inch portion of the piping is
also replaced with components which accommodate the l4-inch
elbow (Figure 1.16). The increased elbow size is intended
to improve thermal mixing in the suppression pool.
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(2)

(3)

(4)

A guide is also located near the elbow to reduce pipe
stresses due to submerged structure drag loads.

The High Pressure Coolant Injection (HPCI) and Reactor
Core 1Isolation Cooling (RCIC) turbine exhaust piping were
rerouted and resupported close to the ring girders to

minimize their exposure to submerged structure drag loads
(Figures 1.17 and 1.18).

The two 10-inch diameter core spray pump test lines are
truncated to discharge into the suppression pool at ele-
vation 872' - 7-3/4". This modification involves removal
of a 2' - 6" portion of the line between the existing dis-
charge outlet and the specified elevation (Figure 1.19).
The existing 45° elbow located at the discharge outlet
is to be relocated at the new discharge elevation.
Truncation of these lines reduces reaction loads at the
torus penetration due to drag 1loads on the submerged
portion of the line. The discharge outlet is still two
feet below the suppression pool low water level.

The 2-inch condensate drain lines for the HPCI and RCIC
systems are cantilevered from the torus penetrations
(X-221 and X-222) into the suppression pool. V-type
guides consisting of 2-inch diameter struts bracing back
to the torus shell are to be located at torus elevation

875" - 3 1/4". These guides reduce pipe stresses due to
submerged structure drag loads.

The 16 existing U-shaped hangers provided at each ring
girder for the 4-inch diameter containment spray header
are to be reinforced. A 1 2-inch gusset plate is to be
welded from the existing support to the ring girder flange
on the inboard side of each suport. The reinforced
supports are designed for reactions due to differential
thermal motion between the piping and torus shell.
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actuations to approximately 36 seconds. If there is no loss of
offsite power (LOOSP) or early MSIV isolation during a LOCA event,
subsequent S/RV actuations will not occur for any break size. 1€
LOOSP does occur, the relief logic extends the minimum time between
actuations to approximately 31 seconds for break sizes smaller than
0.20 ft2, No subsequent actuations will occur for breaks of 0.20

ftz or larger (see Table 1.6). The time intervals described

above effectively mitigate the S/RV discharge loading conditions
of concern (Subsection 2.5.2).

A more detailed description of the low-low set relief system can
be found in Reference 21. Also included in this reference is an
evaluation of the design chanyes with respect to plant operations
and other safety systems, as well as analysis results for S/RV
system performance with the low-low set relief logic.

1.3.4.3 Level 1 MSIV Trip Setpoint

The proposed new MSIV trip set point is shown in Table 1.7. The
lower trip setpoint will mitigate subsequent S/RV actuation load
cases because of the slower repressurization rate due to the lower
reactor decay heat rate after delayed isolation. In order to
obtain the maximum benefit of this change, the water level trip is
to be lowered to reactor vessel Level 1. However, this maximum
benefit can be realized only if early isolation due to LOOSP does
not occur. Nevertheless, the Level 1 MSIV trip does reduce S/RV
challenges, increase plant availability, and mitigate S/RV load
case C3.3.

Lowering the MSIV trip set point to Level 1 will potentially
eliminate S/RV actuations for break sizes of 0.15 ft2 or larger,
it earlier isolation due to LOOSP does not occur. When combined
with the low-low set relief logic, transiant analysis results
indicate that subsequent S/RV actuations will not occur for any
break size. Although a significant amount of energy is released
from the vessel without heating the suppression pool by imple-




menting both of these design changes, it is ADS initiation that
prevents the future subsequent S/RV actuations. If ADS were not
initiated, the time interval between subsequent actuations would
be approximately 51 seconds for a break size approaching zero.
This interval is more than sufficient to mitigate the S/RV
discharge load cases of concern. Additional information on S/RV
system performance with the Level 1 MSIV trip, installed
independently or in combination with the low-low set relief logic,
can be found in Table 1.6 (summary) and Reference 21.

1.3.4.4 Torus Temperature Monitoring System

To comply with the requirements of the NRC described in the SER, a
new torus temperature monitoring system was installed at CNS.
This monitoring system replaces the previous (water) torus
temperature monitoring system which consisted of six sensors,

three for water and three for air, monitored in panel VBD-J in the
control room.

Although not required by the SER, the new temperature monitoring
system is designed as IE qualified. This allows the system to be
upgraded to a safety related system should NRC regulations require
this at a later date.

This new system consists of sixteen qualified Pyco resistance
thermometers (RTDs), eight qualified Foxboro Spec 200 input
converters, eight qualified Foxboro Spec 200 isolated output
buffers and one Leeds and Northrup Speedomax 250 series recorder.

The RTDs are housed in thermowells installed at 16 separate
locations on the drywell side of the torus. The thermowells are
located in pairs at a location which is approximately at the
middle of the T-quencher arm hole pattern on the downstream arm of
the quencher (Downstream refers to the bulk flow direction in the
pool created by T-quencher discharge). The thermowells are

located approximately five feet below the suppression pool minimum
water level.
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The power for the RTDs is supplied from the input converters,
which produce a 0 to 10 volt signal to represent the temperature
reading of the RTD. This signal is then fed to the isolated
output buffers, which produce a 4 to 20mA signal. This signal is
then taken to panel VBD-J and connected to the recorder. Also,
the capability of connecting a computer at a later date is
provided with the addition of the appropriate dropping resistor to
the signal current loop.

System operation is continuous with the multipoint recorder
sequentially stepping through each of the sixteen RTD inputs and
plotting its measured temperature. When any of these temperatures
exceeds the alarm setpoint on the recorder, an annunciator point
on panel VBD-J is energized. The recorder will continue to plot
all of the sixteen RTD inputs.

Bulk pool temperatures, wiich will be calculated by the future
plant process computer, will allow the operator to anticipate

local pool temperatures and to take actions to keep them below
Technical Specification limits.

1.3.5 Modification Summary

The containment, piping, and system modification descriptions
discussed in the previous paragraphs include the majority of the
Mark I containment program modifications installed (or to be
installed) at Cooper Nuclear Station. Table 1.8 summarizes the
complete CNS modification program. The table provides a brief
de "cription, including the purpose or primary load event dictating
the change, and the completion time frame for the modifications.
All the modification work is scheduled for completion by September
1982 with the exception of the low-low set relief logic and
reduced MSIV trip setpoint, which will be installed in 1983,
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modifications identified in Subsection 1.3 all established design
criteria are satisfied. Therefore, completion of these
modifications will result in conformity with the requirements of
the NRC-issued Order for Modification of License and Grant of
Extensior. of Exemption to NPPD as holder of Facility Operating
License DPR-46 for CNS. As required by this order, all
modifications are to be installed by September 30, 1982.

Subsequent review and approval of this report will eliminate the

"Unresolved Safety Issue" designation (pursuant to Section 210 of
the Energy Reorganization Act of 1974) as it pertains to CNS.
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Penetration
Number

Line
Size
(in)

X-203A
X-203B
X-205

X-206A
X-206B
X-206C
X-206D
X-209A
X-209B
X-209C
X-209D
X-210A
X-210B
X-211A
X-211B
X-212

X-213A
X-213B
X-214

X-215

X-220

X-221

X-222

X-223A
X-223B
X-224

X-225A
X-225B
X-225C
X-225D
X-226

X-227A
X-227B
X-228

X-229A
X-229B
X-229C
X-229D
X-229E
X-229F
X-229G
X~-229H
X-229J
X-229K
X-229L
X-229M
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Table 1.2

TORUS PIPE PENETRATIONS

Description

Oxygen Analyzer

Oxygen Analyzer

Vacuum Relie! from Bldg. and Vent Purge Inlet
Liquid Level Indicator

Liquid Level Indicator

Liquid Level Indicator

Liquid Level Indicator

Air and wWater Temperature

Air and Water Temperature

Air and Water Temperature

Air and Water Temperature

RHR Pump Test Li. @

RHR Pump Test Line

Containment Cooling to Spray Header
Containment Cooling to Spray Header
RCIC Turbine Exhaust

Torus Drain

Torus Drain

HPCI Turbine Exhaust

Atmospheric Pressure Instrumentation
Vent Purge Outlet

RCIC Condensate Drain

HPCI Condensate Drain

Core Spray System Pump Test Line
Core Spray System Pump Test Line
RCIC Pump Suction

RHR Pump Suction

RHR Pu~p Suction

RHR Pump Suction

RHR Pump Suction

HPCI Pump Suction

Core Spray Pump Suction

Core Spray Pump Suction
Demineralized Water Inlet

Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air
Vacuum Breaker Actuating Air



SUMMARY OF PIPE SUPPORT MODIFICATIONS
FOR _TORUS ATTACHED (EXTERNAL) PIPING

Number of Supports

New Modified




Penetration
Number

X-210a
X-210B
X-211A
X-211B
X-212
X-214
X-221
X-222
X-223A
X-223B
X-224
X-225A
X-225B
X-225C
X-225D
X-226
X-227A
X-227B
X-228

Table 1.4

TORUS INTERNAL PIPING SYSTEMS

Line

Size

{in)
18
18
6
6
12
24

10
10

20
20
20
20
16
16
16
10

Description

RHR Pump Test Line
RHR Pump Test Line
Containment Cooling to Spray Header

Containment Cooling to Spray Header

RCIC
HPCI
RCIC
HPCI
Core
Core
RCIC

Turbine Exhaust
Turbine Exhaust
Condensate Drain
Condensate Drain
Spray Pump Test Line
Spray Pump Test Line
Pump Suction

RHR Pump Suction

RHR Pump Suction

RHR Pump Suction
RHR Pump Suction

HPCI
Core
Core

Pump Suction
Spray Pump Suction
Spray Pump Suction

Demineralized Water Inlet
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