WATTS BAR WBNP-103

3.8.5 Foundations and Concrete Supports

3.8.5.1 Description of Foundations and Supports

3.8.5.1.1

3.8.5.1.2

Primary Containment

The primary containment foundation consists of a 9-foot-thick circular reinforced
concrete structural slab, measuring 131 feet 7 inches in diameter. The outer 5 feet,
where adjacent to other structures (225° of the slab), is thickened to 16 feet, while the
remaining 135° portion is thickened to 12 feet for the outer 13 feet. These deepened
portions are transitioned upward on a 2 to 1 slope to the bottom of the 9-foot-thick
portion. The slab is keyed into rock in the central portion by the 8-foot-thick walls of
the reactor cavity extending a total of 26 feet into rock. A 3-foot-thick concrete subpour
underlies the structural concrete and caps the top of the irregular rock surface. This
serves to preserve the rock in its native state of being under pressure, thus preventing
deterioration of the rock surface. The base rock consists of interbedded shales and
limestones. See Section 2.5.1 for additional discussion of the rock base and
foundation treatment.

The interior concrete structures described in Section 3.8.3 constitute the support
system for all equipment in the containment structures. All major equipment supported
on the foundation (steam generators and reactor coolant pumps) is anchored through
the steel liner plate into the 9-foot-thick concrete base slab, thus preventing the liner
from becoming a stress carrying member.

The base liner plate is anchored to the foundation through the use of embedded 'Tee'
shaped steel sections which have provisions for leveling before concrete is placed.
The embedded anchors are used as screeds during the placement of the concrete to
ensure that a flat surface is obtained coincident with the top of the anchors. All welded
joints in the base liner plate are made at anchors. All joints in the base liner plate are
equipped with leak chases to facilitate testing for leak tightness.

As defined as part of the primary containment, the concrete structural slab and its liner
are subject to the in-service inspection requirements of ASME Section XI, Subsection
IWE, “Requirements for Class MC and Metallic Liners of Class CC Components,” and
Subsection IWL, “Requirements for Class CC Concrete Components.” However, the
concrete structural slab is inaccessible for examination as it is covered by the liner as
described in Section 3.8.2.1.1 and the containment floor structural fill slab as described
in Sections 3.8.3.2 and 3.8.3.3 and is exempt from examination in accordance with
IWL-1220. However, the concrete structural slab is subject to the repair requirements
of Article IWL of ASME Section XI. The in-service inspection requirements for Class
MC and metallic liners of Class CC components are contained in Section 3.8.2.7.9.

Foundations of Other Category | Structures

Auxiliary-Control Building and Associate Structure

All of the Auxiliary-Control Building, except the waste packaging structure, and the
condensate demineralizer waste evaporator structure portion is supported by a

Foundations and Concrete Supports 3.8.5-1



WATTS BAR WBNP-103

3.8.5-2

reinforced concrete slab placed on a 4-inch-minimum-thick concrete subpour which
caps the top of the irregular rock surface.

The Auxiliary Building portion of the base slab is 7 feet thick while the control bay
portion is 5 feet thick. The entire base slab is located on three different levels with
continuity between these levels being provided through thick walls. The thicknesses
of the slab were selected primarily to provide sufficient rigidity to minimize differential
vertical movements of columns and walls and secondarily to reduce shearing stresses
in the slab itself. Due to the thickness of the slab, anchorage into rock was not required
to resist hydrostatic up-lift pressures from maximum flood conditions.

The waste packaging structure is separated from the rest of the Auxiliary Building by 2
inches of fiberglass expansion joint material. The 45-inch-thick base slab at grade
Elevation 728 is supported below Elevation 725.25 by crushed stone backfill placed in
4-inch layers and compacted to a minimum of 70% relative density.

The base slab of the condensate demineralizer waste evaporator structure is 2-feet, 9-
inches thick, except for the access tunnel part of the building which is 2-feet, 3-inches
thick. The structure is supported on H-bearing piles. The access tunnel is separated
from the rest of the Auxiliary Building by two inches of fiberglass expansion joint
material.

Intake Pumping Station

The intake structure is supported by a reinforced concrete slab placed on a 4-inch
minimum thick concrete subpour which caps the top of the irregular rock surface. The
base slab is 4 feet thick with a 6-foot-wide by 10-foot deep key located at the back of
the structure. This key extends the full width of the structure. The base slab extends
10 feet past the back wall and has two areas of 26 feet by 29 feet on each side that
extend beyond the walls.

The concrete retaining walls at the intake structure are designed to protect the forebay
of the intake against earth slides during an earthquake. The base slabs of these
cantilevered walls are keyed into rock. The walls are separated from the structure with
expansion joint material.

North Steam Valve Room

The north steam valve room is supported by a grillage of reinforced concrete
foundation walls to base rock. These walls span vertically from base rock at Elevation
683.0 to the bottom of the valve room base slab at Elevation 722.0. There are four
4-foot thick walls running in a north-south direction and these walls are tied together
by a singular 4-foot thick wall running in an east-west direction. Three closed cells are
formed by these walls in combination with the Reactor Building wall. These closed
cells are backfilled with a non-compacted crushed stone. The valve room foundation
walls are separated from the Reactor Building foundation and wall by a 2-inch
fiberglass expansion joint material.
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Diesel Generator Building

The base slab of the Diesel Generator Building is discussed in Section 3.8.5.5.2.
Based on soils laboratory tests, it could not be assured that the existing material
between the top of firm gravel at Elevation 713 and base slab was capable of safely
supporting the structure. Therefore, this material was removed and replaced with
crushed stone fill placed in 4-inch layers and compacted to a minimum of 70% relative
density (see Section 2.5.4.5.2.). A slope stability analysis was performed in order to
assure stability of the slope below the building.

Refueling Water Storage Tank

The refueling water storage tank foundation is a solid, circular reinforced concrete
structure placed on engineered granular fill over firm natural granular soil. The
foundation is constructed with shear keys to prevent sliding displacement and with
retaining walls to contain a reservoir of borated water after a postulated rupture of the
storage tank. The foundation is protected from missiles by a concrete apron.
Discharge Overflow Structure

See Section 3.8.4.1.7 for a description of the discharge overflow structure foundation.

Class 1E Electrical System Manholes and Duct Banks

The manholes and a portion of the duct banks are supported on in-situ soil. The duct
banks at the intake pumping station are supported on in-situ soil, piles, and a bracket
on the pumping station wall, see Section 3.8.4.1.4 for additional information.

ERCW Standpipe Structures

See Section 3.8.4.1.7 for the standpipe structures.

ERCW Pipe Supporting Slabs and Beams

See Section 3.8.4.1.7 for a description of the beams and slab.

ERCW Valve Covers

See Section 3.8.4.1.7 for a description of these structures.

Additional Diesel Generator Building

The base slab of the additional Diesel Generator Building is discussed in Section
3.8.4.4.8. Similar to the Diesel Generator Building, it could not be assured that the
existing soil between the top of firm gravel at Elevation 713.0 and the bottom of the
base slab at Elevation 730.0 could safely support this structure. Therefore, the building
was supported on end bearing steel H-Piles driven to refusal in sound rock or other
suitable material. For additional information on this structure, see Section 3.8.4.1.8.

3.8.5.2 Applicable Codes, Standards, and Specifications
See Sections 3.8.1.2, 3.8.3.2 and 3.8.4.2.
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3.8.5.3 Loads and Loading Combinations

The loads and loading combinations are described in Sections 3.8.1.3, 3.8.3.3, and
3.8.4.3. For loads and loading combinations on the Additional Diesel Generator
Building, see Table 3.8.4-22.

3.8.5.4 Design and Analysis Procedure

3.8.5.4.1 Primary Containment Foundation

The foundation was analyzed as a slab on a rigid foundation. The slab was analyzed
using computer code Gendek 3 Finite Element Analysis of Stiffened Plates.

Maximum tangential and radial moments were obtained using the finite element
analysis of the various load combinations. Shear stresses were obtained by
conventional analysis for the containment vessel anchorage and major equipment
loadings.

3.8.5.4.2 Auxiliary-Control Building

The reinforced concrete base slab of the Auxiliary-Control Building was designed in
compliance with the ACI Building Code 318-63. It was analyzed by the ICES
STRUDL-II finite element method as a slab on an elastic foundation. In the ICES
STRUDL- Il program the foundation material was modeled by assigning a vertical
spring to each node of the grid system which was used to represent the base slab. The
base slab was divided into elements with wall stiffnesses being recognized by
introducing flexural rigidity along the wall and torsional rigidity being recognized by
including a rotational spring. Superposition of the various loading conditions were used
to obtain maximum stresses. Manual calculations gave results for the bending
moments which checked reasonably close with those obtained from the ICES
STRUDL-II analysis. A standard frame analysis was also performed in order to
determine the shearing forces in the slab.

Shear walls fixed to the base slab transmit lateral force to the slab; the base slab itself
is keyed and anchored into foundation rock to transmit shear from the structure into the
rock.

The 45-inch-thick slab of the waste packaging area was designed for a uniform
distribution of base pressure to span as a flat plate between the load bearing walls.
Walls were thicker than necessary for structural purposes because of shielding
requirements.

The base slab of the condensate demineralizer waste evaporator building portion was
designed as a pile supported foundation. Batter piles were used around the perimeter
of the structure to transmit lateral loads from the structure to the foundation media.

3.8.5.4.3 Intake Pumping Station

3.8.5-4

The design of the base slab was controlled for the most part by uplift considerations
under assumed unwatered conditions with one bay dry and full uplift over 100% of the
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3.8.5.4.5

area between the slab and the base rock. The backfilled portion of the base slab was
controlled by the load from the saturated fill.

Soil-Supported Structures

A uniform or linear distribution of base pressure was assumed in the design of all
soil-supported structures and all base slabs were essentially designed as flat plates.

Pile Supported Structures

Pile supported structures were designed using conventional frame analysis or through
the use of ICES STRUDL-II finite element computer program.

3.8.5.5 Structural Acceptance Criteria

3.8.5.5.1

3.8.5.5.2

Primary Containment Foundation
The base slab design contained the following conservative features:

(1) No allowance was made for the additional spread of reactions under the walls
or the additional section modulus due to the 3-foot structural fill over the base
slab.

(2) Inthe outer area of the slab, where the additional depth is in excess of the
2-foot, 8-inch recess in the upper surface, no allowance has been made for
the additional thickness which increases the stiffness of the slab and thus
lowers the stresses.

Foundations of Other Category | Structures

Auxiliary-Control Building

The base slab as designed has its maximum flexural stresses and shearing stresses
within the allowable working stress design limits of Table 3.8.4-1 for all loading
combinations. Design Case | (dead load plus live load), which generally controlled the
design, was investigated by the ICES STRUDL-II program for several loading
conditions created by the three different levels of the slab and by the early conditions
were superimposed in various combinations to ensure that the slab was designed for
the maximum possible stresses.

The maximum calculated compression of the base slab was approximately 12 ksf. The
maximum allowable compression on rock is 26 ksf (180 psi). In probable maximum
flood conditions, with the dead load of the structure alone assumed to resist the
buoyant force, the factor of safety against flotation is 1.52.

Intake Pumping Station

The base slab of the intake pumping station serves as a water barrier under
maintenance conditions with one bay unwatered. It also adds to the stability of the
structure. Backfill on the extended areas of the slab add weight to the structure and
the key provides resistance to sliding. The maximum calculated compression on the
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base slab was approximately 12 ksf. The maximum allowable compression on rock is
26 ksf (180 psi).

North Steam Valve Room

The valve room foundation walls were designed to resist the maximum overturning
effect on the building. This effect was due to pressure as the result of the rupture of a
main steam pipe, its associated jet impingement load, and the Safe Shutdown
Earthquake. This resistance to overturning was obtained by converting the maximum
overturning moment on the structure into a resisting active soil pressure on the
foundation walls. For overturning in the east-west direction, four of the foundation
walls were considered effective. For overturning in the north-south direction, the
singular cross-wall was considered to be resisting the overturning. Using this pressure
as a load on the walls, they were modeled as plate structures utilizing the STRUDL-II
Finite Element computer program. The walls were considered to span between
bedrock, the bottom of the valve room base slab and other foundation walls framing
into them.

Waste Packaging Structure

This structure is situated on well-compacted crushed stone backfill above rock and was
designed for a normal allowable uniform bearing pressure of 6.5 ksf and a maximum
allowable pressure with 70% or more of the base in compression of 10 ksf under
maximum overturning forces. Actual calculated bearing pressures were 1.4 ksf for
uniform loading and 6.7 ksf with 72% of the base in compression for maximum
overturning forces.

Diesel Generator Building

The structure is situated as described in Section 3.8.5.1.2. The base slab of the Diesel
Generator Building is 9 feet 9 inches thick founded on crushed stone backfill and
located above the probable maximum flood Elevation. The structure was designed for
a normal allowable uniform bearing pressure of 6.5 ksf and a maximum allowable
pressure of 11.5 ksf under maximum overturning forces. Actual calculated bearing
pressures for the Diesel Generator Building were 2.0 ksf for uniform loading and 4.9
ksf for maximum overturning forces with 100% of the base in compression.

3.8.5.6 Materials, Quality Control, and Special Construction Techniques

General
See Section 3.8.1.6.

3.8.5.6.1 Materials

Concrete and Reinforcing Steel
See Section 3.8.1.6.1
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Backfill Materials

Backfill material was taken only from areas designated by the soils investigation
program (see Section 2.5.4.5.2) as suitable for backfill material.

3.8.5.6.2 Quality Control

Concrete and Reinforcing Steel

Concrete production and testing were as in Section 3.8.1.6.2, except some concrete
used to protect rock surfaces was purchased as ready mix in conformance with ASTM
C94-69.

The protective concrete for rock surfaces was specified as 2,000 psi at 90 days age.
It was in conformance to specifications.

The Shield Building base slab and the north steam valve rooms foundation walls used
concrete specified as 5,000 psi at 90 days.

Some concrete did not meet specification requirements. This was evaluated and
documented in the Report CEB-86-19C "Concrete Quality Evaluation". Results have
been documented in affected calculation packages and drawings.

Testing of reinforcing steel was as in Section 3.8.1.6.2.

Base Rock

The base area of all rock-supported structures was inspected by the principal civil
design engineer in conjunction with an experienced TVA geologist during final cleanup
of rock surfaces to determine its suitability as a foundation.

Backfill

Quality control requirements for backfill material were as specified in Section 2.5.4.5.

3.8.5.6.3 Special Construction Techniques
No special construction techniques were used.

REFERENCES

None
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3.8.6 Category I(L) Cranes
3.8.6.1 Polar Cranes

3.8.6.1.1 Description
See Figures 3.8.6-1 through 3.8.6-6.

There are two polar cranes, one in each of the Reactor Buildings. Each crane is a
single two-part trolley, overhead, electric traveling type; operating on an 86-foot
0-inch-diameter rail at the top of the crane wall and above the reactor. Each crane has
a main hoist capacity of 175 tons and an auxiliary hoist capacity of 35 tons.

The main and auxiliary hoist motions are driven by ac motors with Variable Frequency
Drives. The bridge and trolley are driven by ac motors with Variable Frequency Drives.

Structural portions of the crane bridges consist of welded boxtype girders and welded,
haunched, box-type end ties. Structural portions of the trolleys consist of welded
box-type trucks and welded cross beams.

Control of each crane is from a cab located below the bridge walkway at one end of a
girder.

3.8.6.1.2 Applicable Codes, Standards, and Specifications

The following codes, standards, and specifications were used in the design of the
cranes:

National Electric Code, 1971 edition.

National Electrical Manufacturers Association, Motor and Generator Standards,
Standard MG-1, 1970 edition.

Crane Manufacturers Association of American, Inc., Specification #70, 1970 edition.
Federal Specification RR-W-410C

American Society for Testing and Materials, 'Material Standards,' 1974 edition.
American Welding Society, D1.1-72 with 1973 Revisions, Structural Welding Code.

Section 1.23, Part 1, 'Specification for the Design, Fabrication, and Erection of
Structural Steel for Buildings,' Manual of Steel Construction, Part 5, American
Institute for Steel Construction, 7th edition, 1970.

American Gear Manufacturers Association Standards for Spur, Helical, Herringbone,
and Beval Gears.

Category I(L) Cranes 3.8.6-1
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3.8.6.1.3

3.8.6.1.4

3.8.6.1.5

3.8.6-2

Where date of edition, copyright, or addendum is specified, earlier versions of the listed
documents were not used. In some instances, later revisions of the listed documents
were used where design safety was not compromised.

The cranes meet applicable requirements of the listed codes, standards, and
specifications.

Loads, Loading Combinations, and Allowable Stresses
Loads, loading combinations, and allowable stresses are shown in Table 3.8.6-1.

Design and Analysis Procedure

The bridge girders and end ties for each crane were designed as simple beams in the
vertical plane and as a continuous frame in the horizontal plane. Stresses in the girders
and end ties were computed with the trolley positioned to produce maximum stresses.
Seismic restraints are located on the bottom of each girder and these restraints are
designed to withstand seismically applied loads to ensure the crane will not fall during
an earthquake.

Trolley positions used were the maximum end position, third point, and the point near
the center which produces maximum bending moments.

Trolley members were designed as simple beams. Design of the bridge girders and
end ties was by TVA. Mechanical parts and structural members except the bridge
girders and end ties were designed by the contractor. Calculations and designs made
by the contractor were reviewed by TVA design engineers.

In designing for earthquake conditions, forces due to accelerations at the crane bridge
rails were used as static loads for determining component and member sizes. After
establishing component and member sizes, a dynamic analysis, using appropriate
response spectra, was made of the total crane to determine that allowable stresses
had not been exceeded.

Earthquake accelerations at the bridge rails were determined by dynamic analysis of
the structures supporting the crane rails.

The polar crane was also evaluated for seismic loads based on the Set B seismic
response spectra using 2% damping for OBE and 4% damping for SSE. The polar
crane was initially evaluated for seismic loads based upon Set A seismic response
spectra.

Structural Acceptance Criteria

Allowable stresses for all load combinations used for the various crane parts are given
in Table 3.8.6-1. For normal load conditions, the allowable stresses provide safety
factors of 2 to 1 on yield for structural parts and 5 to 1 on ultimate for mechanical parts,
except for wire ropes which have a minimum safety factor of 5 to 1 on ultimate. For
limiting conditions, such as an SSE earthquake or stall, stresses do not exceed .9 yield.

Category I(L) Cranes
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3.8.6.1.6 Materials, Quality Controls, and Special Construction Techniques

3.8.6.1.7

3.8.6.1.8

A36 steel was used for the major structural portions of the crane. Design by TVA and
erection by TVA were in accordance with TVA's quality assurance program. Design
and fabrication by the contractor were in accordance with the contractor's quality
assurance program which was reviewed and approved by TVA's design engineers.
The contractor's quality assurance program covers the criteria in Appendix B of 10
CFR 50. Fabrication procedures such as welding, stress relieving, and nondestructive
testing were included in appendices to the contractor's quality assurance program.

ASTM standards were used for all material specifications and certified mill test reports
were provided by the contractor for materials used for all load-carrying members.

This crane is covered by TVA's Augmented Quality Assurance Program for Seismic
Category I(L) Structures.

Testing and In-service Surveillance Requirements
Refer to Section 14.2.7, Paragraph 4.A.1.h for Initial Testing.

After the initial test, periodic visual inspections of each crane are to be made. Parts
inspected during the visual inspection are to include all bolted parts, couplings, brakes,
hoist ropes, hoist blocks, limit switches, and equalizer systems.

Safety Features

The cranes were designed to withstand an SSE and to maintain any load up to rated
capacity during and after the earthquake period.

The bridges are equipped with double flange wheels, spring-set, electrically-released
brakes which set and firmly lock two of the wheels when the bridge drive machinery is
not operating or when power is lost for any reason, hold down lugs which run under the
rail heads, and seismic restraints located on the bottom of each girder. During an
earthquake the crane rail will yield before the crane wheels fail, thus allowing the crane
to move until the seismic restraints on each girder contact the crane wall. These
restraints hold the crane on the runway. Guide rollers, mounted on each extreme
corner truck, travel against the outer surface of the bridge rail to assure bridge truck
alignment.

The trolleys are each equipped with double flange wheels, two spring-set, electrically-
released brakes which set and firmly lock the driving wheels when the trolley drive
machinery is not operating or when power is lost for any reason, and hold down lugs
which run under the rail heads. Positive wheel and bumper stops are provided at both
ends of the bridge. During an earthquake, the trolley could be displaced, but it will not
leave its rails which are firmly attached to the bridge structure.

Safety features provided for each hoist include two independent gearing systems,
connected by a cross shaft to prevent windup, two brakes with each of the brakes
operating through one of the independent gearing systems, two upper travel limit
switches, one lower travel limit switch, and over-speed switches set to trip at 120% of
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maximum rated speed. Upon loss of AC power, load is manually lowered by
manipulating the holding brakes. In addition, each hoist incorporates a symmetrical
cross reeving system designed to hold the load level with either rope. Each hoist is
also provided with a hydraulic equalizing system to prevent dropping the load and to
limit shock loading in case of a single rope failure. Each hoist is also provided with a
load sensing system which provides cessation of hoisting when a load of 100% of the
rated capacity is applied. The main hoist is also provided with an audible alarm which
activates at 100% of rated capacity, as well as a load display on the control console
and a load display board which is visible from the Reactor Building refueling floor
(elevation 757.0). Holding brakes for the hoists are the spring-set, electrically released
type with provisions for manual release of the brakes. The capacity of each main hoist
brake is sufficient to stop a 100% rated load traveling at the maximum rated hoisting
speed within a distance of 6 inches.

Safety control features provided for all motions consist of overcurrent protection,
undervoltage protection, control actuators which return to the stop position when
released, and an emergency-stop pushbutton.

3.8.6.2 Auxiliary Building Crane

3.8.6.2.1 Description
See Figure 3.8.6-7 through 3.8.6-11.

The crane in the Auxiliary Building is a single trolley, overhead, electric traveling type
with a span of 77 feet. The crane has a main hoist capacity of 125 tons and an auxiliary
hoist capacity of 10 tons.

The main and auxiliary hoists are driven by DC motors with regenerative braking and
stepless speed control. DC power is supplied by solid-state thyristor-silicon controlled
rectifiers. The bridge and trolley travel motions are AC operated with static-stepless
regulated speed control.

Structural portions of the crane bridge consist of welded, box-type girders and welded,
haunches, box-type end ties. Structural portions of the trolley consist of welded,
box-type trucks and welded cross-beams.

Control of the crane is from a control console in the operator cab which is located at
mid-span of the crane beneath the south girder.

3.8.6-4 Category I(L) Cranes
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The one crane serves the needs of two reactor units. It handles the fuel casks, new
fuel shipments to the new fuel storage,shield plugs at the equipment access doors, and
any large pieces of equipment going into or out of the Reactor Buildings via the
Auxiliary Building.

3.8.6.2.2 Applicable Codes, Standards, and Specifications

3.8.6.2.3

3.8.6.2.4

The following codes, standards, and specifications were used in the design of the
crane:

National Electric Code, 1971 Edition.
NEMA Standard MG1, 1970 Edition.

Crane Manufacturers Association of American, Inc., Specification No. 70, 1970
Edition.

Federal Specification RR-W-410C.
ASTM Material Standards, 1974 Edition.
AWS, D1.1-72 with 1973 Revisions, Structural Welding Code.

Section 1.23, Part |, Specification for the Design, Fabrication, and Erection of
Structural Steel for Buildings; AISC Manual of Steel Construction, 7th Edition, 1970.

American Gear Manufacturers Association Standards for Spur, Helical, Herringbone,
and Bevel Gears.

Where date of edition, copyright, or addendum is specified, earlier versions of the listed
documents were not used. In some instances, later revisions of the listed documents
were used where design safety was not compromised.

The cranes meet applicable requirements of the listed codes, standards, and
specifications.

Loads, Loading Combinations, and Allowable Stresses
Loads, loading combinations, and allowable stresses are shown in Table 3.8.6-2.

Design and Analysis Procedure

The bridge girders and end ties for the crane were designed as simple beams in the
vertical plane and as a continuous frame in the horizontal plane. Stresses in the
girders and end ties were computed with the trolley positioned to produce maximum
stresses. Trolley positions used were the maximum end position,
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3.8.6.2.5

3.8.6.2.6

3.8.6-6

third point, and the point near the center which produces maximum bending moments.
The end tie and girder connections are designed to withstand seismically applied loads
to ensure that the crane will not fall during an earthquake.

Trolley members were designed as simple beams. Design of the bridge girders and
end ties was by TVA. Mechanical parts and structural members except the bridge
girders and end ties were designed by the contractor. Calculations and designs made
by the contractor were reviewed by TVA.

In designing for earthquake conditions, forces due to accelerations at the crane rails
were used as static loads for determining component and member sizes. After
establishing component and member sizes, a dynamic analysis, using appropriate
response spectra, was made of the total crane to determine that allowable stresses
had not been exceeded.

Earthquake accelerations at the crane rails were determined by dynamic analysis of
the supporting structure of the Auxiliary Building.

The Auxiliary Building crane was initially evaluated for seismic loads based upon Set
A seismic response spectra.

The Auxiliary Building crane was also evaluated for seismic loads based upon Set B
seismic response spectra using 4% damping for SSE.

Structural Acceptance Criteria

Allowable stresses for all load combinations used for the various crane parts are given
in Table 3.8.6-2. For normal load conditions, the allowable stresses provide a safety
factor of 2 to 1 on yield for structural parts and 5 to 1 on ultimate for mechanical parts,
except for wire ropes which have a minimum safety factor of 5 to 1 on ultimate. For
limiting conditions, such as a SSE or stall, stresses do not exceed 0.9 yield.

Since the design stresses for SSE do not exceed 0.9 yield, OBE, which results in lower
design loads, does not govern.

Materials, Quality Controls, and Special Construction Techniques

ASTM A 36 steel was used for the major structural portions of the crane. Design by
TVA and erection by TVA were in accordance with the TVA quality assurance program.
Design and fabrication by the contractor were in accordance with the contractor's
quality assurance program which was reviewed and approved by TVA's design
engineers. The contractor quality assurance program covers the criteria in Appendix
B of 10 CFR 50. Fabrication procedures such as welding, stress relieving, and
nondestructive testing, were included in appendices to the contractor's quality
assurance program.

ASTM standards were used for all material specifications and certified mill tests reports
were provided by the contractor for materials used for all load-carrying members.

Category I(L) Cranes
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3.8.6.2.7

3.8.6.2.8

This crane is covered by TVA's Augmented Quality Assurance Program for Seismic
Category I(L) Structures.

Testing and In-service Surveillance Requirements

Upon completion of erection and adjustments on the crane, all crane motions and
operating parts were thoroughly tested with crane handling 125% of rated capacity.
Tests were made to prove the ability of the crane to handle its rated capacity and
smaller loads smoothly at any speed within the specified speed range. Each brake
was tested to demonstrate its ability to hold the required load.

After the initial test, periodic visual inspections of the crane are to be made. Parts
inspected during the visual inspection are to include all bolted parts, couplings, brakes,
hoist ropes, hoist blocks, limit switches, and equalizer systems.

Safety Features

The crane was designed to withstand an SSE and to maintain any load up to rated
capacity during and after the earthquake period.

The bridge is equipped with double flange wheels, hold down lugs which run under the
rail heads, one spring-released hydraulically set brake, and one spring-set electrically
released brake which sets and firmly locks the wheels when the bridge drive machinery
is not operating or when power is lost for any reason. During an earthquake the crane
rail will yield before failure of the crane wheels and allow the end ties to contact the
adjacent concrete wall, thus restraining the crane and preventing it from falling.
Positive wheel and bumper stops are provided at each end of the bridge travel.

The trolley is equipped with double flange wheels, two spring-set, electrically released
brakes which set and firmly lock the driving wheels when the trolley drive machinery is
not operating or when power is lost for any reason, and hold down lugs which run under
the rail heads. Positive wheel and bumper stops are provided at both ends of the
bridge. During an earthquake, the trolley could be displaced, but it will not leave the
rails which are firmly attached to the bridge structure.

Safety features provided for each hoist include two independent gearing systems,
connected by a cross shaft to prevent windup, two brakes with each of the brakes
operating through one of the independent gearing systems, two upper traveling limit
switches, one lower travel limit switch, over-speed switches set to trip at 120% of
maximum rated speed, and emergency dynamic braking for controlled lowering in case
of simultaneous failure of ac power source and holding brakes. In addition, the main
hoist incorporates a symmetrical cross reeving system designed to hold the load level
with either rope and to limit the shock loading in case of a single rope failure, and a
hydraulic sheave equalizing system to prevent dropping the load and to limit shock
loading in case of a single rope failure. The main hoist is also provided with a load
sensing system which provides cessation of hoisting when a load of 100% of the rated
capacity is applied. The main hoist is also provided with an audible alarm which
activates at 100% of rated capacity, as well as a load display on the control console
and a load display board which is visible from the Auxiliary Building refueling floor

Category I(L) Cranes 3.8.6-7
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(elevation 757.0). The auxiliary hoist has a two-part whip-style reeving so that a single
rope failure will not drop the load. Holding brakes for the hoists are the spring-set,
electrically released type with provisions for manual release of the brakes. The
capacity of each main hoist brake is sufficient to stop at 100% rated load traveling at
the maximum rated hoisting speed within a distance of 6 inches.

The interlocks will not be bypassed for heavy loads except the fuel transfer gates and
for new fuel handling. All loads in excess of 2,059 Ibs, or which would have a kinetic
energy greater than that of a spent fuel assembly from its normal handling height, will
be transported around the spent fuel pit, rather than over, with the interlocks activated,
via the normal paths used for heavy loads.

Safety control features provided for all motions consist of overcurrent protection,
undervoltage protection, control actuators which return to the stop position when
released, and an emergency-stop pushbutton.

The electrical interlocks and mechanical stops will be administratively bypassed to
allow use of the crane for handling the fuel transfer canal gate. The bypass is
accomplished by means of a keyed switch, operation of which bypasses all interlocks
controlling crane movements and activates a green indicating light located beneath the
operator's cab. The indicating light is visible from any point on the operating floor.
Control of the bypass key by administrative personnel and the ability of administrative
personnel to stop the crane by means of any one of three pushbutton stations ensure
that administrative personnel control all bypass operations.

Two pushbutton stations are located on the west wall and one pushbutton station is
located on the east wall of the Auxiliary Building about four feet above the elevation
757.0 operating floor. These stations are readily accessible to administrative
personnel on the operating floor.

Testing of bypass interlocks is accomplished on a periodic basis in accordance with
approved WBNP surveillance instructions. Testing must occur within seven calendar
days prior to initial use, and every seven calendar days during continued regular
usage. Each limit switch is manually operated to ascertain proper functioning of
interlock circuits. To verify that the interlock system is functioning properly, each limit
switch is moved to its actuated position, and all affected crane controls operated to
ensure that crane movement does not occur.

REFERENCES

None
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Table 3.8.6-1 Polar Cranes Loads, Loading Combinations, and Allowable Stresses
(Page 1 of 2)

No. Load Combinations Allowable Stresses (psi)
Tension Compression(” Shear
Bridge Structure

| Dead

Live 0.50 Fy 0.48 Fy 0.33 Fy
Impact
Trolley tractive

Il Dead

Live 0.50 Fy 0.48 Fy 0.33 Fy
Impact
Bridge tractive

1 Dead

Live 0.62 Fy 0.59 Fy 0.41 Fy
Trolley collision

v Dead
Trolley weight 0.90 Fy 0.90 Fy 0.50 Fy
Stall at 275% capacity

V Dead
Live at 100% capacity 0.90 Fy 0.90 Fy 0.50 Fy
SSE

No. Load Combinations Allowable Stresses (psi)

Tension Compression(” Shear

Trolley Structure

I Dead
Live 0.5FY 0.48 FY 0.33 FY
Impact

I Dead 0.9 FY® 0.9 FY 0.5 FY
Stall at 275% capacity 0.62 FY® 0.59 FY 0.41FY

1] Same as case V for bridge

Mechanical Parts
No. Load Combinations Allowable Stresses (psi)

Tension and Shear
Compression(”

Parts Other Than Wheel Axles and Saddle Truck Connecting Pins

| Dead Ult 2 x Ult
Live 5 15

Category I(L) Cranes 3.8.6-9
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Table 3.8.6-1 Polar Cranes Loads, Loading Combinations, and Allowable Stresses

(Page 2 of 2)

I Dead 0.9FY 0.5FY

Stall at 275% capacity
Wheel Axles and Connecting Pins
I Dead ult 2 x Ult

Live 5 15
Impact

I Dead ult 2 x Ult
Live 5 15
Collision

1] Dead 0.40 FY 0.50 FY
Stall at 275% capacity

v Dead 0.90 FY 0.50 FY
Live at 100% capacity
SSE

Notes:

(1)  The value given for allowable compression stress is the maximum value permitted, when
buckling does not control. The critical buckling stress, F,, shall be used in place of Fy when
buckling controls.

(2) For sheave frames, cross-beams, and their respective connections
(3) For all other members

3.8.6-10 Category I(L) Cranes
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Table 3.8.6-2 Auxiliary Building Crane Loads, Loading Combinations, And Allowable

Stresses (Page 1 of 2)

No.

Load Combinations

Bridge Structure

\

No.

Dead

Live

Impact

Trolley tractive

Dead

Live

Impact

Bridge tractive

Dead
Live
Trolley collision

Dead
Live
Bridge collision
Dead

Trolley weight
Stall at 275% capacity

Dead
Live at 100% capacity
SSE

Load Combinations

Trolley Structure

Dead
Live
Impact

Dead
Stall at 275% capacity

Same as case VI for bridge

Tension

0.50 Fy

0.50 Fy

0.62 Fy

0.62 Fy

0.90 Fy

0.90 Fy

Tension

0.5FY

0.9 FY®
0.62 FY@

Allowable Stresses (psi)

Compression(")

0.48 Fy

0.48 Fy

0.59 Fy

0.59 Fy

0.90 Fy

0.90 Fy

Shear

0.33 Fy

0.33 Fy

0.41 Fy

0.41 Fy

0.50 Fy

0.50 Fy

Allowable Stresses (psi)

Compression(")

0.48 FY

0.9 FY
0.59 FY

Shear

0.33 FY

0.50 FY
0.41 FY

Category I(L) Cranes
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Table 3.8.6-2 Auxiliary Building Crane Loads, Loading Combinations, And Allowable

Stresses (Page 2 of 2)

Mechanical Parts
No. Load Combinations Allowable Stresses (psi)
Tension and Shear
Compressionm
Parts Other Than Wheel Axles and Saddle Truck Connecting Pins
I Dead Ult 2 x Ult
Live 5 15
I Dead 09FY 0.50 FY
Stall at 275% capacity
Wheel Axles and Connecting Pins
I Dead ult 2 x Ult
Live 5 15
Impact
I Dead Ult 2 x Ult
Live 5 15
Collision
i Dead 09FY 0.5FY
Stall at 275% capacity
v Dead 0.9 Fy 0.50 Fy
Live at 100% capacity SSE

Notes:

(1)  The value given for allowable compression stress is the maximum value permitted, when
buckling does not control. The critical buckling stress, F,, shall be used in place of Fy when

buckling controls.
(2) For sheave frames, cross-beams, and their respective connections
(3) For all other members

3.8.6-12
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Figure 3.8.6-7 Auxiliary Building Units 1 & 2 125 Ton Crane Arrangement

Category I (L) Cranes 3.8.6-19



WBNP-103

WATTS BAR

RSILT ISR o)

IEYEVAYY IWOVIONE VAL ML JO 1WVe AON 1 0NV LINY
B LR GV DN 41 0 AVl Yev Rt o Lvwis 8 et

ONIAVYQ J3INIVINIVIN KYGYI0Ud

jJuswabueury Aajjoi] auel) uoj Gz Z ® L suun Buipping Aseljixny g-9°g'¢ aunbi4

8-9°8°¢ 33N914
0}- LOENYY "ON 9MA VAL

ININIONYHEY A3T108L
INVHO NOL G2l
¢ ® L SLINN
ONIQTINg AYvIiXny

1¥0d3Y SISATVYNY
AL34VS VNI

4vg SL1vM

- mduu & |' oese Ty

4

V-¥ NO/LIFS

|

§
1

NLIOE ofAL SNOILVAITF
ONY NOISNIN/G L3S4S0

Jevor 17 13745 20 worioe

SINIWOD VIIWNG
OXet i 4371082

68 JIIWpUIUTY .q_ w
$30r anouss !
R L 3
: N
@m %
.vﬁoi\c.ﬂa.k
S m
%. k3 L] B am
s £ 3
- Y 0 <
= \ 2 N H
& » - x R~
. [y 3 ~
43 3 H n 1
113 H 3 \
: : i &
3 & s . 1] \ J
2ITM N A
3BT N |\ AN
K3 xlNM ﬂ. i -
bd _me 2 2 —. E
] WAWIn Mw. m fl“ L]
£ > W o = -1 4
2 & ¥ -7 [}
[ T "
| : M
~ S = = A
N i AL s A7 |
R I A SR TR
: 3 /r el /e Ll
n s
> P4 === * \
M m 3 = “ﬂ\\&lﬂ““mwu?-s.ﬁ
b3 n e Wl " > =
: §
~
> i
u b
>
=
J 15700 X1V LT XYW O-I R
I
134 Ky w Al
2 . m. E ~ v»\\ N1
2 Nm 3] X139
. RS = » x< I
n| b3 P 1o
mm um - pg % WW b ES
S 8 1 01W..
xx S 39 3 £ %
S RIF] =3 $ =2 sam )
:J— m 7%” 7m o X . f
Foa 33 ~5
¥ 33
ﬁl o’ s ———
¢ [y [
a " Q 3 XJ
»
[ 3 3 !
5 . -3
2 3 N
F 2 =
X H
8 2

TINYS ._gsé\

NMOHS LON SNIATIV ONY S900N

NOILVATIF

ree

5

A

A TN

[

‘«ll 0 SMOVY
ONIT NIW H1im
WHEUVYO JI8VD

HOLINANOI ATT110M1

A o ||l||||u||.4||#-n..nL||
A0 L-nl HE ,u ik A A
0w iR Ko A
S ] .q
o = i
0 .
Mt H T s
] T
-\ »
N N 43 |
| B, -
(205n49) NYLIO 2LV dAL ud,w\ L
NY IS
LM ASIOH NIVH [
i lg-7Xve@ 4yvaNOIIS L5I0H MIYW
= 2wy woion feacers] - =
co=: m m_u — _ ey
= € (== H
g
g
NOUIMS = "
210017 VWi B b~
QIYY79 A¥Vi0Y =1
|M A stou nvwsT—#]E - VNG
= ASYNIYS
I I =7 Q- 1SI0H NiveY
N ) S SR Y
/ﬂv\ k] TdON Fdtd Pe? ¥
3
: - -
IS .
L]
g i ' @
i)
i
H
!
NOLIMS LiwrT )
H ANVIWINd TINVID _r'm?:«vt LJ|
MOIVM 90d T ANVLOY LSICH X1V
e won HILIRS Limr? _
AWYONQIIS ISIOH Nrwr
Ive ]
awincace =
._hi,s ~ -
NV
AWV
& = lsiaw xav
= 24 == v/l
ATV ¥O4 ¥
w X0 aras NON ﬂ
v d 2018 340U m . o
.!l\.* S b 1 \_*.ﬂ\
1 4
1 1] ’7&
“ W_ ! TR woart
i
. bw i | ..ﬂ,,
P A 1 hhis
L2 (2002) ! U
g
L
| -9-4 TITMM 90 078 e
TMEAD + 0-.13

3.8.6-20

Category I (L) Cranes



WBNP-103

siiejaq AajjoaL aueld uoy gzZI Z 8 L sHun Buiping Alelixny 6-9°g°¢ a.nbiy

WATTS BAR

6—-9°8°¢ JHNOI4
2d COENYPY "ON OMJ VAL | 906 ¥ 50610 ‘OGN 'FONLAYYT NOINYANOD
. _ "
$11V130 A377081 33&%@%%&&33 A .sw,..m%’ . aom s
uw_,«MUszTmmﬁ S5 NMOA TIOH HLIM X018 ALFHYS - e o o928 . e i
ONIQ11INg A¥VITIXNY — .i?s!;wﬂ - () s o 3 Tw5s3, i
“Xoootss 03wy [ (o 1 % w11 mcg o izeg - 8 /W F
LH0d3d SISATVNY o R I AoV TS0 = — i B R e : !
AL33VS TVYNI4 o i viaw g = ./ sy LN Yy
dvg S1IVM ew XN ALIAVE % =17 / gy
ic. I ounsol /ggh i M b / // » ¥oog
e T I R 1 . s
68 Juswpuaury AT ALZVS ORY TV 4O R | -
201 Ka3mi39 oo § m <
r “ i ot frajas oo
2IVF ol dow : o 1o Twoe — g 3oy ey
TVLIO FLVD did 9-9 : N\, O
. v BNLOFGTd
T \ogcthncnsﬂ uiyIE Tt
|J/~. _ . 1 —— + et wos

UVIIA AOCH Xnv

.08

c 84
o oo

b ~
[ vpins ymy [ q R - H v
YI4ey BRI ~ oy 3 Yooy yre 3 M rin g v
- - .

Survsap e Gupow Tz
Lo K41206 20 Bipadls —I' - S n
s N1 m (| {
L 8 o] Sty T TR
MMONS 10N $20danS AVMATIM b 3 3 o
(rosnds} s { “OHE NOLLNW S .
it 3
ag-o anmxan Fe
+ +
! . nn % ™ oo iy 2 Fvos 3 R4 HoNTEM
| | | A¥ 1NIOF TINKID 200U SUIM 25X 9
_ N w9 TRy ORIV . um ol

— N »l g i e d gsmﬁud \
- . 8 - -3 x\\u NP

U Y e
A .= .00 ¢ ¥4 b
ain LA S2UPW 213475 ISPW IOV Caar) u Fs—
" A (rosnrs ) T
H ) W 9-2
4 - . B’ B e
. whosgelorp
whendep .‘ll\tkh.l\l Ciosnis) ot o
W ) . Gidap (R14 0. f
{ U 5 WYYOVIQ ONINIIY
i W \, J 29101 Kynseg
Y/ ]
4 i
" @ ) f
W ¥ L8405 4
| sremcway
"

(urw] go OF
anap joroy 2oy

L
. _“ f 13 I.tlk Jo3ii0nde
H N e H P v it 3
i | |
L0 1]
i i
X
Swenap covyorbo yp w2t 3 Y .n.}l.iq! Koojet 3
¥

# [Pinnsr yuroy e 3
mi e [ o || o | w | 2B
ZACKLiYD | s | aeaw Fo]
E: owirae | v Lionino | saguniovamwm | O AW | Lol
t

3.8.6-21

Category I (L) Cranes



WBNP-103

s|ieja@ a6plig aueld uoy Gzi Z B L shun Buipjing Alelixny 01-9'g°¢ inBiy

e BAHENT R AT
g!k“%cz!pa—lbi! g:!’ui

QIMIVINIVA S OAVIL TORIN0D NOELVIIIE S0 SINL,

ONIMYYQ G3INIVINIVR AYQYOOUd

3.8.6-22

01-9:8-¢ 3un3! 4 .
NvYt "ON 9M oW Lo EAvan 3 VM
2y ¢o¢g Y a vAL . NOILOINNGD 314 GNI aNV y30419
STivLi3q 300148 2-2
3INVH0 NOL Gt : s
N w% —, m.._-_Z_J Mwaol\““ﬂhu 2-2 g-a
ONIQTINg AdVITIXNY topucn st - ﬂ % 4
? 2 4 L
i L S Surivag. w ¢ poon e § < 1
1¥0d3Y SISATYNY - £ 4« \ g m ) "
I~ \ M&
\r._.mm,qmm( mm _.'_Hd.(Z;_ 3 2aBeaqdop ydse yng =" w Ll M. m M 1
1 R 3 g M 4 W +
68 JWwpuswy - 1 - - L, m m L * 4
] f» Lnb&“hn\\ . - +
ki e 1 1 wetr sl o m
e Ga S ) sam pracso 137 Fr=2
+ Fr-s 1.r st 3/
o <0-t23t oecs Y uysg =7
Cty - v uviza s promy auft Fo7
#Ls) rwrSmRiton Yida0 s kowost 5 52t/ N y— e
1014200 3.3 nl‘.m\M-\ T\ 1 2. L s 1000
(hs) swhesydvip i By Iy r
UG A3 KO gl fr A.IIM
£z +* NOILYATIZ
A SO WK -2
VYO SYOLYYIJO 2-3 NOIIIS
9 * e
(T3 8T OMLIYIIGN! JOIS TYNIHIIN, PL
WLLTONONT HOLMS (4 '
Cmvm) it Bh.?/ J OLERO-UCITLE IWUINCD KMn qscc.mw ssyfoq Of REBIIE Jay
Pr—— - OO INTIVOUS s Lfr F14 L Arosraso co PacpaB
2 4 b.h.\ ‘ = vl 4O Spoe pue sqem It
Bipmdo o3-7 | fed w2 wir v Wz Sii £us ut ranas paiog
i * K Weas SEURry Q..u.n«aﬂk&
i - s N gﬂﬂ“wﬂ” =5 i aid H
-Q:ansu& e CHY DERETHONN VOS —E
200y quo g0 do g 1 HO e Ote Tt i T4 47 | J—
= 1 m * 1 /7
’ \J{_ , ' Fars T [ i H M
1 ad =,
IV tcali L a !
die SIS 0V
! E 4 1 m _ o \ uu
‘ [ i [ STV Maw M -ty
] = ==y e P gl
20609, - M\ g (742) 1Y 59 P1a1h vaw 3 m ml. J«. ;N &__.,E..m»a il
I s g e e o-E
- NOILIIS SSONI AvMNTIYM ONY &70419 A {
) frferfs | . et o v |
g X id [Ps i) pra) —s Lsa\&! e
' L PP : g
u\\ S : \nc.w!&«“ ,M.. S : parssace o 08 ey .
L} 1 age 240q poway g,
ny e M Fa whentnp ww s |
\...8. P L/ o
impm_ | e \ q 187 ien“wm .:m 3
* F v + 3 . 3 -
4 “_ IR i m R w\s @ m .I.“\
LI au i { :
% = st ! —
i Cafade 2]
-4 | 234 . \»MWABWA ﬂ““t - m 7 wtlsd
, m »mu “ o ors> § preve .A.-\ .ml [
- *m Frr g FITFR i
LY R # BLe w1 | o | | iR | | vaiem S
il e o ey e v ey o wonoma 27 ot
fa el w i o7 ) ;
ey W .73 40018 pow gros Kaypasg 3"

WATTS BAR

Category I (L) Cranes



WBNP-103

WATTS BAR

1T~9° 9 € 2m3ty

 INIWEDNVHYY dO0LS TVOINVHOEW ANV
HOLIMS LIWIT ENVHO NOL ScT

1H0d3Y SISATVYNY
AL3IVSTIVNIL

1NV1d HY3TONN HYE SLLVYM

CTILON SV LSIONT
wO0=f .9 FWS

TIS0IWE ML IO NISWIY

JVEANT ML VIAVEL NYD ADTOML I ONY NN¥ JWiAND $31 ISMIA
“SHYMI NV ID0IWE 1 CIMVIIVAY SISNOIION VIV W04 WINOS i
"0 ML 40 JPISHINOT IML NG TLYD W04 1M INI4S ML JO

SIM1  C(O3L4NWNNEINE S1 JOIS WIINWHIIN 01 MIAOJ ONY 0ISSYJAN Juv
SIOLIAS LINIY TI¥) 02AVNRIOV SI MIAIAS G3ATH TOMIN0D JALAVEISININOY

A NOLLIOR0D

. “11 MOLLIOMOD MSITMVISI
0F (453M) NOLLIINIG ISUIAIN ML NI GIAOW I8 WYD A3TW0W °2
TOILSAUNTING S ATTIONL IML 40 TIAVNL GWVA
LSY3 ¥IIWNI ¥0J WINO4 "03ddiWL SE 43 W0 D LI LMY WM g
1SV MITIAVEL
QUMY D NIAIMS LINET 40 1SIM O3IVICY S AIT0ML ONY WWE JIWi 8
HILIAS LiNEY ONY UVE 4131 ¥ HOLIAS 116177 NIJALIE QILVI0T ID01INe

At 01 110M03

*1 WOl11onod
MSITOVASI 01 WOIAJINI0 ISWIAIN NI M1 QIIAVUML 38 WYY
3901w L T0344INA NITE JAWE L6 N0 0 WO ¥ WO ¥ MILINS 4 €
Q1IN w. »oive l» 40 3AVEL QYR
~MABON ¥IHIWAS W0S ¥IR04 “O344INA S1 (B VO & HILIMS 1IMET NIMA T
“03ienwu3iN St 198 31 JO VIAVEL d¥WR
~HANOS WIRIWNS ¥OJ ¥IAGY "GIddINA 5§ .Y YO V HOLINS L1M7 NINR
T3 MILIAMS 1IMIY 30 LSV $) ATTIOBL i ONY ¥WE JIML 8 MILIRNS
1IMIT 20 HANOS WO MVE Ji¥L ¥ HOLIAS LINETY 20 HINON 031¥207 330i1%e

1+H1 NI 11ON0D
“WAN IVIANT SA1 ISUIA
~SHYNL NYD 32018 MU OXV IWYVIVAY Si SHOIION TIV 303 WImdd 1
“{SHOF110M0D
TYWUOR WIANN JO04 3L WIAD SSY4 01 IDCINE WML ¥OJF AWYSSIIIN
S1 NOLIIONOD SIHL) D WOLLAS LiMtY 30 1S3M 02LVI0Y §1 A3TI0ML
1 NOTATORDD)
“ID0IWE JNELND
FSUIASNVEL NVD AITI0WL OGNV IMVIIYAY S1 SHOILOW TIV W04 VIM4 "L
‘YT 4INL § HOLIAS 1IN
A0MHINOS WO WVE 1ML ¥ HILIRS LINIT 0 HLNON QLLVIOT SI ICI WS
i WO)LIONOD
SIMILIRS LINEY 40 MOLIVNINO

THIZIMS G3ATX ¥ SO ISH INL HONOWML AING OINS)LMODDY
ST T0WIN0D SIKL  "TIOMAMOZ JAIIVHISINIWOY ¥IONN (ISSVIIE 39 NV

VIINVHO I IHL ONY LNINIONYNEY NOLINS LINWIT ML 0 IS04WNd

VIR
is3100

SIOUD 790158 40 SOL="

juswabuelly dojg [esluRyIS\ puR YOUMSG Wi dueld) uoj GZ|

EOE ¥ 20C ' 1OC'00EN PP (SONIMY YT NOINVINOI

SNOILIGNOY

avOT ONV QIIdS WNWIXVYIN

HIANN AITVN0HL INL SOUS

0L GINIISIV $1 ONY 2 HILlIMmS

2117 3 QT OAIVE IYIUNVYHIIW
¥ SICIAOYT dOLS TYIINYMNIIW : JION

NMOMS LON A3T1T08.2
QIYINVIY OM L

NOILYATTT JOLS TYIINVYHIIN

‘BYD 10MUINOCI 4O FAISLNO
NO gNY 8VY2 708 LNOI NI
TINVS TOULINOI NO S4MNIIT

N&INLIY INISSS
OISO ATV WEHON
HALIME L1117

ONIIVIIONT QIE via 9048 4O
NOILISOT QISIVY $31 «\b\Q\s:\\
MHILIMS LIWIT S0LS TVIUNVYHIIN

CEaNY Y SINIUIMS LNIT
NIIMLIE Q34¥201 §1 390148
NIHM ATTTI0YL SO ANIWITAOK
QYYMLISVI HOS STOYLNOI 40

NOILVALLIY NOIN J0IS SISIVY
NUNL3Y ONIHS IdAL 1IN 5 _

) L NvS 1SIM 3 OL .0I-.08 _
. YIINWNE ATII0SL

L Uid 1INS ANITIE THL
OSYMOL INITIAYHL NIHM

B YO ¥ HOLIMS LiNIT SNid
—dISL HILIY TIAVY L 40 NOIL
~QIYIG Sur ISYIATY 0L INVYD
FHLSMOTITY Q MILIMS LINIT

ATIAILIISSIY T ANV 28V 407
SFHILIMS S0XDVE SY FAHIS

LG ANY 278V SIHILUMS L1MIT:FLON

o] FWIS

oS-

L HIUIMS 21017

& HALIMS A1NIT

r@k@rlym HILIMS LprT ¥ 340N 335
ety : AINO Vv Ly

N HOLIMS LI1W1T

[

| — A

w NV HOLIMS 21T

JQIONI 108 JOIS IVIINVHIIW

NAVEE 54151
. COEN Y
7-3 9 &-8 "' V- NOILDIS *

T
P58 17 4 IAIVYR " e-56c 73 SIHIUMS LINS OL FLvIOT
T RUIMS LINIT D4l HOLDIITIOD B Al Uv0rS IIINM E SOy
Y MOVIV OL HIONFT ‘222>
AND F-F ur QIS VAL A SHVE HI3cddINL
VT4
AING G-G 2V

PSR-

s 50 word | ‘

.

0= 3.8 IS
(o r-r

— a
NS 04 34v207 .
HILIMS 1117 3
% Ia

.
" m 7] s
.2 HI2mS k\tﬁquh uxumﬁ}n. 210473 ﬂ‘

Wre INVED 3

A xwﬁc&w

< A

-0~

@ —M TI3IMM

AFTI0HL B AZTOHLT

L1-9°8"¢ ainbi4

2-9

L AL s

[}

Fr=FF== -1

P .

)l_. —

//W/ M

NS

vy AF108L u«n

v/

NMOHS LON I8

Il

3.8.6-23

Category I (L) Cranes



WATTS BAR WBNP-103

THIS PAGE INTENTIONALLY BLANK

Category I (L) Cranes 3.8.6-24



WATTS BAR WBNP-103

3.8A SHELL TEMPERATURE TRANSIENTS

Figure 3.8A-1 presents average shell temperatures adjacent to the three
compartments as a function of time after the DBA. The DBA is a double end rupture
of the reactor coolant pipe with the reactor decay heat released into the lower
compartment as steam. Initially the steam is condensed in the ice compartment. After
the ice melts, the steam is condensed in the upper compartment by a water spray.

The lower compartment temperature rises to 250°F, essentially instantaneously, then
is reduced to 220°F very shortly after the blowdown is completed. The blowdown is
completed before the shell adjacent to the lower compartment reaches 220°F, as
illustrated by the smooth curve presented in Figure 3.8A-1.

The upper compartment temperature rises essentially instantaneously due to
compression of the noncondensable gases into the upper compartment. The sharp
rise at 7,000 seconds simulates the disappearance of the ice from the ice
compartment. The shell temperature will rise at a maximum of 0.11 degree per second
during the rise from 140°F to 190°F. The subsequent temperature decrease of the
shell adjacent to the upper compartment is due to the reduction in decay heat.

The curve labeled shell adjacent to the ice compartment indicates the temperature of
the shell adjacent to the ice compartment. The shell is separated from the ice
compartment with a thick layer of insulation, hence the rather slow response for the
temperature of the shell adjacent to the ice compartment. After the ice is all melted the
temperature inside the ice compartment will be the same as the temperature in the
lower compartment; however, the shell temperature adjacent to the ice compartment
will always be less than the temperature in the ice compartment because of insulation.
The temperature of the shell adjacent to the ice compartment will peak at less than
220°F.

The curves in Figure 3.8A-1 are an average shell temperature representative for the
bulk of the shell. Some areas near boundaries between compartments and near the
base will differ significantly from the bulk. The lower portion of the lower compartment
shell will be insulated for the purpose of minimizing the transient effects. Figure 3.8A-2
is a plot of shell temperature versus distance above Elevation 702.78 for various times
after a LOCA. In establishing these curves it was assumed that top of the concrete
slab is at Elevation 702.78 inches, and that the top of the insulation is at Elevation
707.11, and the top 8 inches of insulation is tapered from 2 inches thick to 1/4-inch
thick.

SHELL TEMPERATURE TRANSIENTS 3.8A-1
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Figure 3.8A-1 Shell Wall Temperature Versus Time After Loss of Coolant
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TYPICAL TEMPERATURE TRANSIENT
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Figure 3.8A-2 Typical Temperature Transient Lower Compartment Wall
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3.8B BUCKLING STRESS CRITERIA

3.8B.1 INTRODUCTION

The buckling design criteria in this appendix are applicable to stiffened circular
cylindrical and spherical shells. Section 2.0 sets forth the buckling design criteria for
shells stiffened with circumferential stiffeners. Because of existing penetrations,
interferences, or large attached masses, it may be expedient to further analyze some
areas of the vessel as independent panels. Section 3.0 sets forth the criteria for shells
stiffened with a combination of circumferential and vertical stiffeners. Section 4.0 deals
with the criteria for a spherical dome. The procedures and data presented were
adapted primarily from Chapter 3 of the Shell Analysis Manual, by E. H. Baker, A. P.
Cappelli, L. Kovalevsky, F. L. Rish, and R. M. Verette, National Aeronautics and Space
Administration, Washington, D.C., Contractor Report CR-912, April 1968. The criteria
given in this section cover only the range of variables needed for the structural steel
containment vessel for which these specifications were prepared.

The buckling criteria are specified in terms of unit stresses and membrane forces in the
shell. Stresses caused by multiple loads must be combined according to provisions of
Table 3.8B-1 for use in these criteria. The values of the load factors and factors of
safety used in the buckling criteria are given in Section 5.0. The method of applying
the factors of safety to the criteria is shown in Table 3.8B-2.

3.8B.2 SHELLS STIFFENED WITH CIRCUMFERENTIAL STIFFENERS

3.8B.2.1 Circular Cylindrical Shells Under Axial Compression

The critical buckling stress for a cylinder under axial compression alone is determined
by the equation

The constant C, is determined from Figure 3.8B-1 for the appropriate value of R/t.

BUCKLING STRESS CRITERIA 3.8B-1
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The critical buckling stress in a cylinder under axial compression and internal pressure
is determined by:

Et
G((;P = (CC + ACC)E

The constants C; and AC,, are determined from Figures 3.8B-1 and 3.8B-2,
respectively. The constant AC given in Figure 3.8B-2 depends only upon the internal
pressure and R/Et.

3.8B.2.2 Circular Cylindrical Shells in Circumferential Compression

A circular cylindrical shell under a critical external radial or hydrostatic pressure will
buckle in circumferential compression. The critical circumferential compressive stress
is given by:

K _n2E 2
o - SeEE (1
o 12(1-u?)

for various values of Z given in Section 2.1. Curves for determining the constant K, for
both radial and hydrostatic pressure are given in Figure 3.8B-3.

3.8B.2.3 Circular Cylindrical Shells Under Torsion

3.8B-2

The shear buckling stress of the cylinder subject to torsional loads is given by:

The shear buckling stress of the cylinder subject to torsion and internal pressure is
determined by

Et
rRz/4

o} = (C,+ACy)

where constants, C5 and ACg, are determined from Figures 3.8B-4 and 3.8B-5. Values
of ACg are given for internal radial pressure alone and internal pressure plus an
external load equal to the longitudinal force produced by the internal pressure.

BUCKLING STRESS CRITERIA
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Figure 3.8B-4 is applicable for values of:

|_2

2
= ml-u">100

For cylinders with length constant Z less than 100, the shear buckling stress is
determined by:

for values of:

Z = a—2 /\/1—“2

R

—

where a is the effective length and b is the circumference of the cylinder. The
coefficient K's is given in Figure 3.8B-10.

3.8B.2.4 Circular Cylindrical Shells Under Bending
The critical buckling stress for the cylinder under bending is computed by the equation:

Et
o - O

where the buckling constant, Cy, is given by Figure 3.8B-6.

The critical buckling stress for the cylinder under internal pressure and bending is
computed by:

Et
ofd) = (Cp+ACHS

where Cy, and ACy, are given by Figures 3.8B-6 and 3.8B-7, respectively.

Figure 3.8B-7 is a function of the internal pressure and the geometry.

BUCKLING STRESS CRITERIA 3.8B-3
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3.8B.2.5 Circular Cylindrical Shell Under Combined Loads

The criterion for buckling failure of the cylindrical shell under combined loading is
expressed by an interaction equation of stress-ratios of the form:

R?+R%’+R§<1

Note that

(n) (n) (n) (n)
NYR TR N TR NCTR
n
Ocr (n)t Ocr (n)t Ocr (n)t Ocr (n)t

where N,,, is the compressive or shear membrane force and F, is the appropriate load
factor, given in Section 5.0, for individual loading components in any loading
combination. The superscript n refers to the particular type of loading. Superscripts n
=1, 2, 3, and 4 represent respectively axial compression, circumferential compression,
torsion, and bending loads.

The following interaction equations were used in the design of the cylindrical shell.

(a) Axial Compression and Circumferential Compression

m=k m=k
1 2
5 N(m)Fm+ 5 N(m)Fm<
(D t @)t
m=0 m=0

(b) Axial Compression and Bending

3.8B-4 BUCKLING STRESS CRITERIA
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(c) Axial Compression and Torsion

m=k m=k 2

(1) (3)

2 —leFm *[Z —NmaFm] <1
cS((:r)t cS((:r)t

m=0 m=0

(d) Axial Compression, Bending, and Torsion

m=k m =k m=k 2
1 4 3
N(m) |:m n Ng"n) I:m +[ N(m)Fm]
1
2 o2 o | 2 o

(e) Axial Compression, Circumferential Compression, and Torsion

m=k m=k m=k 2
1 2 3

N(m) I:m n N(m)Fm n N(m)Fm
L ol X @t | & o0

m=0 m=0 m=0

The longitudinal membrane stresses produced by the nonaxisymmetric pressure loads
(NASPL) were considered as caused by bending loads in the interaction equations.

3.8B.3 SHELLS STIFFENED WITH A COMBINATION OF CIRCUMFERENTIAL AND
VERTICAL STIFFENERS

3.1 The shell was provided with permanent circumferential and vertical stiffeners.
The circumferential stiffeners were designed to have a spring stiffness at
least great enough to enforce nodes in the vertical stiffeners so as to preclude
a general instability mode of buckling failure, thus ensuring that if buckling
occurs, it will occur in stiffened panels between the circumferential stiffeners.
An acceptable procedure for determining the critical buckling stresses in the
vertical stiffeners and stiffened panels is outlined in Section 3.43 Shell
Analysis Manual, by E. H. Baker, A. P. Cappelli, L. Kovalevsky, F. L. Rish,
and R. M. Verette, National Aeronautics and Space Administration,
Washington, D.C., Contractor Report CR-912, April 1968.

3.2 In addition for shells stiffened with a combination of circumferential and
vertical stiffeners under combined load, the criterion for buckling failure of the

shell plate is expressed by an interaction equation of stress ratios in the form
similar to the interaction equations of Section 2.5.

X y Z
R1+R2+R3<1

BUCKLING STRESS CRITERIA 3.8B-5
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The critical buckling stresses for the shell plates between the circumferential and
vertical stiffeners were determined by the following equations.

(a) Curved Panel under Axial Compression.

The critical buckling stress for a curved cylindrical panel under axial
compression alone is determined by the equation:

KCTEZE (t)z

5 = _x"E [t
T 12(1-pu2) b

for various ranges of cylinder length given by:

2
Z = b—A/lfuz

Rt

The constant K., is determined from Figure 3.8B-8.
(b)  Curved Panel in Circumferential Compression

The critical buckling stress of a curved cylindrical panel under circumferential
compression was determined by Section 2.2.

(c) Curved Panel Under Torsion

The shear buckling stress of a curved cylindrical panel subjected to torsional
loads is given by:

Km?E /12
o (1 ez
12(1-p?)

for values of:

3.8B-6 BUCKLING STRESS CRITERIA
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The coefficient, K, is given in Figure 3.8B-9. For cylindrical panels with length, a, less
than the arc length, b, the shear buckling stress is determined by:

KIS|TC2E t 2
- K (1
2(1-12)

for values of:

2
z = a—dl—uz

Rt

Curves for determining K', are given in Figure 3.8B-10.
(d) Curved Panels Under Bending

The critical buckling stress for a curved panel in bending was computed
using the equation for axial compression given in (a) of this section.

3.3 The critical buckling stress in a stiffened hemispherical shell for the analysis
was not treated in the Shell Analysis Manual, and except for external
pressure, was determined by the following equation:

t
oo = 0.125E3

where:
t = thickness of shell
E = modulus of elasticity
R = radius of shell
3.8B.4 SPHERICAL SHELLS

3.8B.2.1 The critical buckling stress in the spherical dome, except for external
pressure, was determined by the following equation:

_ Et
GCF = 0125 E

where

t = thickness of shell

BUCKLING STRESS CRITERIA 3.8B-7
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E = modulus of elasticity

R = radius of shell

3.8B.2.2 Spherical Shell Under Combined Loads

The criterion for buckling failure of the dome is expressed by an interaction equation
of the stress ratios in the form:

X, Y
R +Ry+R{<1
similar to the interaction equation of Section 2.5.

A set of interaction equations similar to those in Section 2.5 was used in the design
except that the effects due to torsion were considered.

3.8B.3 FACTOR OF SAFETY

3.8B-8

The buckling stress criteria were evaluated to determine the factors of safety against
buckling inherent in the criteria. The factors which affect stability were determined and
the criteria were evaluated to account for these factors. The basis used to evaluate the
criteria to account for the factors were (1) how well established are the effects of the
factors on stability of these shells (2) amount of supporting data in the literature and (3)
margins marked by the critical stresses and interaction equations used in the criteria.
The buckling criteria were found to be very conservative and judged to provide at least
a factor of safety of 2.0 against buckling for all loading conditions for which the vessels
were designed.

In addition, a load factor of 1.1 was applied to load conditions which include the Safe

Shutdown Earthquake (SSE). A load factor of 1.25 will be used with all other load
conditions.

BUCKLING STRESS CRITERIA
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Figure 3.8B-4 Buckling Stress Coefficient, Cg, for Unstiffened Unpressurized Circular Cylinders Subjected to Torsion
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Figure 3.8B-6 Buckling-Stress Coefficient, Cg, for Unstiffened Unpressurized Circular Cylinders Subjected to Bending
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BUCKLING STRESS COEFFICIENT, K,, FOR UNPRESSURIZED
CURVED PANELS SUBJECTED TO SHEAR
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BUCKLING STRESS COEFFICIENT, K;, FOR UNPRESSURIZED
CURVED PANELS SUBJECTED TO SHEAR
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3.8C DOCUMENTATION OF CB&l COMPUTER PROGRAMS

3.8C.1 INTRODUCTION

This appendix presents abstracts of the computer programs employed in the design
and analysis of the Watts Bar containment vessels. These abstracts explain the
purpose of the program and give a brief description of the methods of analysis
performed by the program.

Analytical derivations are not contained herein, but are in the CB&I Stress Report.

3.8C.2 PROGRAM 1017-MODAL ANALYSIS OF STRUCTURES USING THE EIGEN
VALUE TECHNIQUE

The purpose of this program is three-fold:

(1) To calculate the mass and stiffness matrices associated with the structural
model.

(2) To determine the undamped natural periods of the model.

(3) To calculate the maximum modal responses of the structure; i.e., deflections,
shears, and moments.

The stiffness and mass matrices may be required in order to perform a dynamic
analysis of the structure. The maximum modal responses may be used to perform a
spectral analysis.

The program has the following options:
(1) Vertical translation.
(2) Torsional modes.
(3) Soil-structure interaction.
(4) Liquid sloshing.
(5) Direct introduction of stiffness and mass matrices.

3.8C.3 PROGRAM 1044-SEISMIC ANALYSIS of VESSEL APPENDAGES

Appendages to a vessel may not significantly contribute structurally to the dynamic
responses of a model of a vessel. However, appendages can effect the vessel locally
by vibrating differently from the model of the vessel at the point of attachment.

DOCUMENTATION OF CB&I COMPUTER PROGRAMS 3.8C-1
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3.8C-2

The response spectrum method of analysis is not a strictly adequate way of obtaining
the maximum appendage accelerations since it does not include the possible
consequences of near resonance between the vessel model and the appendage
model.

This paper describes the method used to evaluate the maximum elastic differential
accelerations between an independently vibrating appendage model and an elastic
beam vessel model at the appendage elevation due to known excitations of the elastic
beam model.

The method involves two distinct steps. Firstly, the necessary time-absolute
acceleration records are computed at appendage elevations due to model excitations.
Secondly, the maximum differential accelerations between each appendage model
and the vessel model at the appendage elevation are obtained.

The time-absolute acceleration records at the appendage elevation are computed by
use of a step-by-step matrix analysis procedure. The equations of motion for the
vessel model are of the form:

[M] {} + (AT/m) [K] {0} + [K] {u} = -[M] {ig}

where
[M] = Mass matrix, order n x n obtained from a modal analysis.
[K] = Stiffness matrix, order n x n, obtained from a modal analysis.
A = Portion of first mode critical damping for the model
T = First mode of the model
[M] = A diagonal matrix, order n x n, with diagonal elements corresponding to

elements of the mass excited by translational accelerations.

{U} = n x 1 matrix of relative accelerations between the model base and the n
degrees of freedom.

{U} = n x 1 matrix of velocities corresponding to {U}
{u}

{Ug} = n x 1 matrix of translation base acceleration.

n x 1 matrix of displacements corresponding to {U}

n = Degrees of freedom of vessel model.

By taking a small time increment (smaller than the smallest period obtained from the
model analysis) and letting accelerations vary linearly within the selected increment,
the equations of motion can be integrated for the quantities {u}, {U}, and {i} over the
expected time increment [Ref. 1]. The values obtained are superimposed upon the
values of these quantities existing at the beginning of the time increment. This process

DOCUMENTATION OF CB&I COMPUTER PROGRAMS
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is repeated for the duration of the excitation. The time-absolute acceleration records
for each translational degree of freedom are the sums of {U} and {Ug} taken throughout
the history of the excitation.

The second step is similar to the first step. The equation of motion (n = 1) is written for
the appendage as a single degree-of-freedom elastic model using the time-absolute
acceleration record obtained in Step 1 at the appendage elevation as the excitation.
This equation is solved in the same manner used in Step 1. The maximum absolute
value of {Ui} obtained is the quantity desired. Itis the maximum differential acceleration
between the appendage model and the vessel model due to a known excitation of the
vessel mode.

For any appendage, this two-step procedure should be executed three times. This is
required to evaluate normal, tangential and vertical appendage accelerations with
respect to a vessel cross-section.

3.8C.4 PROGRAM E1668-SPECTRAL ANALYSIS FOR ACCELERATION RECORDS
DIGITIZED AT EQUAL INTERVALS

Program E1668 evaluates dynamic response spectra at various periods and presents
the results on a printed plot. Given the time-acceleration record, the program
numerically integrates the normal convolution time integral for various natural periods
and damping ratios. The computed relative displacements, relative and
pseudo-relative velocities, and absolute and pseudo-absolute accelerations are
tabulated for periods from 0.025 seconds to 1 second.

3.8C.5 PROGRAM 1642-TRANSIENT PRESSURE BEAM ANALYSIS

The program was developed to perform the numerical integration required for the
transient pressure beam analysis. The pressure transient curve for each compartment
is read in and stored as a series of coordinates. At any time instant the total force
acting at each compartment is calculated by multiplying the pressures by the
corresponding areas of the shell over which they act. Each force is then distributed to
the vessel model masses directly above and below. The proportion applied to each
mass is based upon their respective distances from the force.

For a given increment the program checks the current time, determines the current
pressure in each compartment, calculates the current force on each mass and applies
a recurrence formula. The deflection values, y(t) and y(t-At) are updated, the current
time incremented, and the process is repeated.

The values of the orthogonal deflections are stored and also printed out for a
prescribed number of times, every ten increments or so, and the equivalent static
forces determined. Equivalent static forces are those which produce deflections
identical to the calculated kinetic deflections; they are obtained by multiplying the
deflection vector by the stiffness matrix.

[F] equivalent = [K] [Y]
The shears and moments at the particular time are then determined from statics:

DOCUMENTATION OF CB&I COMPUTER PROGRAMS 3.8C-3
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2F

2F . moment arm

The maximum moments, M = A/M)z( + M)z/

and maximum shears, Q = ,/Qf+Qy are then printed out at selected locations.

In addition the program will also print out an acceleration trace at the mass points.

3.8C.6 PROGRAM E1623-POST PROCESSOR PROGRAM FOR PROGRAM E1374

3.8C-4

Program E1623 was written specifically for the TVA Watts Bar Containment Vessels.
It performs the following operations:

(1) Using Fourier data generated by Program EI374 (Dynamic Shell Analysis),
the summed displacements, forces and stresses found for various points
around the shell circumference at each output point on the meridian.

(2) The maximum of the summed values along with the associated time and
azimuth are saved for each elevation and printed out at the end of the
problem.

(3) The following tables are printed:

(1) Radial deflection, a, at each elevation versus azimuth

(2) Longitudinal force, Ng, at each elevation versus azimuth

(3) Longitudinal moment, Mg, at each elevation versus azimuth
(4)  Circumferential force, Ng, at each elevation versus azimuth

The time basis for these tables is the occurrence of the minimum longitudinal force at
the base.

(4) Ring forces are calculated and then the maximums are pointed out.

(5) Displacement traces at several elevations can be saved on a tape or disk
unit.

(6) The membrane stress resultants are saved on either a tape or disk unit for
input into the buckling check program.

Program E1374 writes the Fourier amplitude results of the fundamental variables (a,
T¢- B, Tn, Q, Ng, Mg, N) on a labeled tape after each timestop. Program E1623
reads this tape, interpolates to obtain the values at the output times, and calculates the
remaining forces and all the stresses.

The amplitudes are then summed using the following equation:
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m m
f(y,0,t) = Z g,(x,tycos nd + z h,(x,t)sinno
n=1 n=1

where:
X = meridinal coordinate
t = time
g, (x, t) = amplitudes of cosine harmonics

h, (x, t) = amplitudes of sine harmonics

0 = azimuth
f(x, 0, t) = Fourier sum

m = maximum number of circumfere waves

3.8C.7 PROGRAM E1374-SHELL DYNAMIC ANALYSIS
3.8C.7.1 Introduction

Program E1374 is CBl's shell dynamic analysis program. Presently, it is capable of
extracting eigenvalues and performing undamped transient analyses.
Non-axisymmetric loads can be handled through the use of appropriate Fourier series.

The equation of motion for a particular Fourier harmonic n of an undamped system is

[M,1[U, 1+ K, 1[0,1=[P,]

where:

[M,] = Mass matrix

[K,] = Stiffness matrix

DOCUMENTATION OF CB&I COMPUTER PROGRAMS 3.8C-5
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[P,] = Applied load
[U,] = Displacement
[U,]= Acceleration
Note that all of the above are functions of n.

In order to calculate free vibration frequencies and mode shapes the applied load is set
equal to zero, [U,)] is assumed to be a harmonic function of time, and the eigenvalues
and eigenvectors of the resulting equation obtained.

If the transient response due to a time-varying load is required, a numerical integration
technique is used.

Since Program E1374 is not set up to handle longitudinal stiffeners, the integration for
this portion of the shell is performed using Program 781. The influence values are then
converted to stiffness matrix form and stored on disc. After Program E1374 has set up
the stiffness matrices for the unstiffened shell, the matrices for segments with stiffening
are replaced with the Program 781 matrices from disc. The solution in Program E1374
then continues in the standard manner. This consists of assembling the overall
stiffness matrix [K,] and load vector [C,], reducing to upper triangular form, and back-
substituting.

3.8C.8 PROGRAM E1622-LOAD GENERATION PREPROCESSOR FOR PROGRAM

3.8C-6

E1374

In order to perform non-axisymmetric analyses on shells, the load must often be
defined using Fourier series representation. The purpose of Program E1622 is to
calculate and store on magnetic tape a time history of the Fourier pressure amplitudes.
The format of this tape is designed specifically for use with Program E1374.

In order to calculate the amplitudes of the harmonics several assumptions are made in
the program.

(1) Alinear function in the circumferential direction is assumed between given
points.

(2) Only distributed loads are considered.
(3) The model consists of a cylindrical shell and optional hemispherical top head.
(4) The pressure has a block type distribution in the longitudinal direction.

(5) Any initial pressure acting on the shell can be subtracted from the input
pressure histories.

(6) Amplitudes for both sine and cosine terms can be calculated with the user
supplying the range of harmonics to be output.

DOCUMENTATION OF CB&I COMPUTER PROGRAMS
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3.8C.9 PROGRAM E1624 SPCGEN-SPECTRAL CURVE GENERATION

3.8C.10

3.8C.11

3.8C.12

Program E1624 reads the Fourier amplitudes of the deflection transients stored on
magnetic tape from the output of Program E1374. The program calculates the
accelerations at uniform time intervals and evaluates the response spectra. From the
deflection transient for each harmonic, the acceleration traces are computer generated
using three point central difference for the first and last three time steps, and a seven
point central difference elsewhere.

PROGRAM 781, METHOD OF MODELING VERTICAL STIFFENERS
N = No. of vertical stiffeners around

E = Modulus of elasticity

The shell shown in Figure 3.8C-1 is modeled using 2 layers. The inside layer
represents the shell and, therefore, has the normal isotropic material properties. The
outer layer, on the other hand is described as an orthotropic material having the
following properties.

_ BN
E¢2 2n7R
Eez =0
G(p92 =0
where:

t, = Thickness of outer layer

E

92 = Modulus of elasticity of outer layer in longitudinal direction

Ego> = Modulus of elasticity of outer layer in circumferential direction.

Gye2 = Shear modulus of outer layer.

PROGRAM 119-CHECK of FLANGE DESIGN

This program is used for the design of bolted flanges. The program checks the flange
design based on Appendix || of ASME Code, Section VIII. Bolt and flange stresses are
computed for both the bolt-up and design conditions. If the bolt and gasket are not
overstressed, the computer automatically calculates the required flange thickness or
checks any supplied thickness. The minimum gasket width required to prevent
crushing, and the maximum pressure that the flange is capable of resisting under the
design conditions are automatically calculated.

PROGRAM 772-NOZZLE REINFORCEMENT CHECK

This is a program for checking nozzle reinforcing. It is designed essentially for
containment vessels, and adheres to area replacement criteria specified by ASME
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3.8C.13

Section Il and VIII. The program does no design work, merely checking the adequacy
of pre-selected reinforcing plate dimensions and weld sizes.

PROGRAM 1027-WRC 107 STRESS INTENSITIES AT LOADED

ATTACHMENTS FOR SPHERES OR CYLINDERS WITH ROUND OR SQUARE
ATTACHMENT

3.8C.14

3.8C-8

This program determines the stress intensities in a sphere or cylinder at a maximum of
12 points around an externally loaded round or square attachment. Stresses resulting
from external loads are superimposed on an initial pressure stress situation. The
program computes stresses at three levels of plate thicknesses: outside, inside, and
centerline of plate. The 12 points investigated are shown in Figure 3.8C-2. Four points
at the edge of attachment, at 1/2 RT from the edge of attachment and at the edge of
reinforcement.

The program determines 3 components for each stress intensity:
(1) ox= A normal stress parallel to the vessel's longitudinal axis
(2) op= Anormalstress in a circumferential direction
(3 t= A shear stress

The program has an option, whereby the influence coefficients can be calculated
directly. The program uses the methodology from the "Welding Research Council
Bulletin #107", of December 1968. Additionally, the program contains extrapolations
of the curves for cylinders in WRC 107 for gamma up to 600. It should be noted that
the use of the program requires complete familiarity with WRC 107 publication.

PROGRAM 1036M-STRESS INTENSITIES IN JUMBO INSERT PLATES

This program determines the stress intensities in a "Jumbo" insert plate (a reinforcing
plate with multiple penetrations) in a cylindrical vessel at 8 points around one of these
penetrations due to the loading on that penetration plus the loadings on the 4 adjacent
penetrations all as superimposed on an initial stress situation. It does this at three
levels of plate thickness: outside, inside, and centerline of plate. The 8 points
investigated are shown in Figure 3.8C-3. The 4 points on radius R0 are at the junction
of the penetration and the insert plate. The other 4 points are other points of interest;
normally, they will be at the midpoints in the clear space between penetrations or at
the edge of reinforcing. Although 5 penetrations are considered, each point is
analyzed as though it were only influenced by 2 (the central penetration plus the
penetration on the same axis as the point concerned).

The program also determines 3 components for each stress intensity:

(1) o,= anormal stress parallel to the vessel's longitudinal axis
(2) 0y= anormal stress in a vessel's circumferential direction

(3) t= ashearstress
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Each of these is composed of 3 subcomponents:
(1) One due to the central penetration's loading
(2) One due to the loading on the next adjacent penetration
(3) Aninitial stress component (input)

The program has an option whereby the penetration loads will be considered reversible
or nonreversible in direction. Under the reversible option, (see Figure 3.8C-4) only the
data associated with the most severe loading situations is printed out.

Most of the analysis and notation used in the program is taken directly from the
"Welding Research Council Bulletin #107" of December 1968. Use of the program
requires complete familiarity with this publication.

The analysis in WRC 107 is for a single penetration. This program analyzes the
several penetrations individually, using WRC 107 techniques verbatim, and then
through superposition obtains the composite results. The adjacent penetrations must
be on a cardinal line of the central penetration in order to use WRC 107 methods. This
has required a very conservative extension of the WRC 107 analysis. WRC 107
analysis applies only to the points on the penetration to shell juncture. This program
makes stress determinations at points removed from the junction by fictitiously
extending the radius of any penetration to any point at which a stress determination is
desired. This disregards the statement in WRC 107 that "these stresses attenuate
very rapidly at points removed from the penetration to shell juncture". Furthermore, in
some cases, the moment induced stresses at both the juncture and at points removed
from the juncture are increased by 20% per discussion in WRC 107. Figure 3.8C-5
shows the cases for the 20% increase and indicates the thickness used for the
calculation of the parameters (per WRC 107) and stresses.

The program contains extrapolations of the curves in WRC 107 for T up to 600. The
program is limited to the domains and range of Figures 1A through 4C in WRC 107 (0
<B<0.5and 5 < T <600).

REFERENCE

(1)  Wilson & Clough, Dynamic Response by Step-By-Step Matrix Analysis
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Figure 3.8C-1 Vertical Stiffener Model
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Figure 3.8C-2 Points of Stress Calculation
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Figure 3.8C-3 Jumbo Insert Plant Points of Stress Intensities
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3.8C-14
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L REPRESENTS THE LOADING SITUATION
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STRESS INTENSITY. LATER 1T MusT
RECONSTRUCT THE LOADING ASSCCIATED
WITH THIS NUMBER FOR PRINT CUT
PURPOSE .

Figure 3.8C-4 Determination of Loads on Center Penetration Associated with Maximum

Stress Intensity
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Figure 3.8C-5 Penetration Analysis
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3.8D COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS

Historical Information [Computer programs used for structural analysis meet the TVA
Quality Assurance Program for computer software. The following sections are for
historical purposes.]

Computer programs used for structural analysis and design have been validated by
one of the following criteria or procedures:

(a) The following computer programs are recognized programs in the public domain:

Usage Start
Program Date:Year Hardware Source

AMG032 1965 IBM R&H
AMGO33 1965 IBM R&H
AMGO34 1965 IBM R&H
ANSYS 1972 CDC CcDC
ASHSD 1969 IBM ucB
BASEPLATE I 1982 CDC CcDC
GENDHK 3 1969 IBM ucB
GENSHL 2 1969 IBM FIRL
GENSHL 5 1968 IBM FIRL
GTSTRUDL 1979 CcDC GT
NASTRAN (MSC) 1974 CcDC CDC
SAP IV 1973 CDC ucB
SAP IV 1974 IBM usc
SDRC FRAME 1977 CcDC SDRC

PACKAGE

SAGS/DAGS
SPSTRESS 1977 CcDC CcDC
STARDYNE 1977 CDC CcDC
STRESS 1970 EG CDC
STRUDL (V2 M2) 1972 IBM ICES
STRUDL (Rel. 2.6) 1974 IBM MCAUTO

(Dynal)
STRUDL (Rel. 4.0) 1975 IBM MCAUTO
STRUPAK PACKAGE 1971 CcDC TRW

MAP2DF/SAP2DF
SUPERB 1977 CcDC CcDC

COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS 3.8D-1
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Usage Start
Program Date:Year Hardware Source
WELDDA 1983 CDC CDC
WERCO 1978 CDC AAA

All programs on IBM hardware are run under the MVS operating system, on either a
370/165 machine or a 360150 machine. All programs on CDC hardware are run under
the SCOPE 3.3 operating system on a 6600 machine.

The following abbreviations are used for program sources:

CDC - Control Data Corporation, Minneapolis, Ml

FIRL - Franklin Institute Research Labs, Philadelphia, PA

GT - Georgia Institute of Technology, Atlanta, GA

ICES - Integrated Civil Engineering System, Worcester, MA
MCAUTO - McDonnell-Douglas Automation Company, St. Louis, MO
R&H - Rohm & Haas Company, Huntsville, AL

SDRC - Structural Dynamics Research Corporation, Cincinnati, OH
TRW - TRW Systems Group, Redondo, CA

UCB - University of California, Berkely, CA

USC - University of Southern California, Los Angeles, CA

AAA - AAA Technology and Specialties Co., Inc., Houston, TX

(b)  The following programs have been validated by comparison with a program in
the public domain:

RESPONSE FOR EARTHQUAKE AVERAGING SPECTRAL RESPONSE

Summary comparisons of results for these computer programs are provided in
Figures 3.8D-l and 3.8D-2.
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(c) The following programs have been validated by comparison with hand
calculations:

BIAXIAL BENDING - USD
CONCRETE STRESS ANALYSIS
DL42

PLTDL42

THERMCYL

TORSIONAL DYNANAL

PNA100

The following programs have been validated by comparison with analytical
results published in the technical literature:

BAP222
DYNANAL
ROCKING DYNANAL

Summary comparison of results for these computer programs are provided in
Tables 3.8D-I through 3.8D-10.

COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS 3.8D-3
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Table 3.8D-1 BIAXIAL BENDING - USD
Moment Capacity
(FT-KIPS)
MX MY
Hand Hand
Calculations Program Calculations Program

0 0 409 408
601 603 287 285
850 850 164 165
911 909 77 76
933 932 0 0

Comparison of hand calculations with BIAXIAL BENDING - USD for the moment capacities of a
reinforced concrete section for a given direct load.

3.8D-4
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Table 3.8D-2 Concrete Stress Analysis

Concrete Compression Stress
(psi)
Hand Program
Calculations
436. 436.
Row Steel Tensile Stress
No. (psi)
Hand
Calculations Program
1 -3833 -3830
2 -2238 -2234
3 - 644 - 639
4 950 957
5 2417 2419
6 3884 3881
7 5478 5477
8 6275 6275
9 11053 11061

Comparison of hand calculations with CONCRETE STRESS ANALYSIS for reinforced concrete

beam with 9 rows of steel, subject to combined load of moment and axial force.

COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS
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Table 3.8D-3 Thermcyl

Dead Maximum Concrete Steel
Load Compression Stress Tensile Stress
(psi) (psi) (psi)
Hand Program Hand Program
Calculations Calculations
0 770.8 770.9 12,948. 12,950.
10 848.8 848.3 12,285. 12,290.
100 1313. 1316. 8,336. 8,311.
1000 2795. 2793. -5,010. -4,990.

Note: Comparison of hand calculations with Thermcyl results for stresses in reinforced
concrete thin-wall cylinder with non-linear temperature distribution across wall
thickness and varying dead load axial stress.

3.8D-6 COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS



WATTS BAR

WBNP-103

Table 3.8D-4 Torsional Dynanal

Pure Torsion Modal Frequencies

Mode Frequency (RAD./SEC.)
No.
Hand Calculations Program
1 2810 2814
2 8430 8430

Comparison of hand calculations with TORSIONAL DYNANAL results for torsional modes of
vibration of a thin-walled steel half-tube.

COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS
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Table 3.8D-5 DYNANAL

Modal Periods Including
Effects of Flexural and Shear Deformations
Mode Period (SEC)

No.

Published Program

Results

1 1.48 1.50
2 425 430
3 .216 222
4 .149 157
5 114 124

Comparison of DYNANAL with analytical procedure presented in Engineering Vibrations, L. S.
Jacobsen and R. S. Ayre, McGraw-Hill, 1958, Chapter 10, Modal Analysis of 200 Ft. shear-wall
building including effects of flexural and shear deformations.
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Table 3.8D-6 Rocking Dynanal

Modal Frequencies of
Lumped-Mass Shear Beam
Including effects of Base Rocking

Mode Frequency (RAD./SEC.)
No.
Published Program
Results
1 5.155 5.339
2 20.52 19.226

Comparison of ROCKING DYNANAL with Analytical Procedure presented in "Earthquake

Stresses in Shear Buildings," M. G. Salvadori, ASCE Transactions, 1953, Paper No. 2666.

Modal analysis of lumped-mass shear beam including effects of base rocking.
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Table 3.8D-7 BAP222

Comparison of BAP222 with analytical procedure presented in A
Simple Analysis for Eccentrically Loaded Concrete Sections,
L. G. Parker and J. J. Scanion, Civil Engineering, October 1940

Published

Results Program
Pressure bulb geometry, Z4 12 (in.) 12 (in.)
Pressure bulb geometry, Z5 6.41 (in.) 6.41 (in.)
Pressure bulb geometry, Z7 3.67 (in.) 3.36 (in.)
Concrete pressure force -14.08 (k) -14.48 (k)
QHCEOF :Oag ; - 1.715 (k) - 1.65 (k)

nchor loa

5.34 (k) 5.4 (k)
o jac 3229 244

3.665 (k) 3.61 (k)

3.8D-10 COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS
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Table 3.8D-8 DL42

Comparison of hand calculations with DL42 for the design of a baseplate resisting a given load.
Hand
Calculations Program
Safety factor (0.5 SSE) 3.232 3.234
Safety factor (SSE) 3.878 3.881
Maximum plate moment 10.535 (k-in) 10.526
Effective section modulus 1.261 (in.) 1.261
Minimum plate thickness 0.417 (in.) 0.417

COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS 3.8D-11
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Table 3.8D-9 PLTDL42

Comparison of hand calculations with PLTDL42 for the design of a baseplate resisting a given load.

Safety factor (0.5 SSE)
Safety factor (SSE)
Maximum plate moment
Effective section modulus
Minimum plate thickness
Plate bending stress

Hand
Calculations Program
3.232 3.234
3.878 3.881
10.535 (k-in) 10.526
1.261 (in.) 1.261
0.417 (in.) 0.417
8.355 (k/in) 8.348

3.8D-12
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Table 3.8D-10 PNA 100 Nozzle Stresses (PEN X-57) Next to Shell
Calc.
Case Mode A B C D
1 Program 11,039 16,588 11,224 16,495
Hand 11,036 16,584 11,221 16,491
4 Program 13,074 19,192 12,417 17,974
Hand 13,070 19,187 12,412 17,968
AWAY FROM SHELL
Calc.
Case Mode A B C D
1 Program 10,358 10,095 10,571 10,330
Hand 10,354 10,090 10,567 10,327
4 Program 12,944 12,621 12,196 11,915
Hand 12,939 12,616 12,190 11,908

COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS
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RESPONSE FOR EARTHQUAKE AVERAGING
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Comparison of STRUDL with RESPONSE FOR EARTHQUAKE AVERAGING

for a normal-mode time~history analysis of a lumped-mass
structural model of a nuclear power plant structure subjected
to the 1940 El Centro earthquake N-S ground motion.

Figure 3.8D-1 Response for Earthquake Averaging
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Comparison c¢f STRUDL with SPECTRAL RESPONSE for a response
spectrum anslysis of a lumped-mass structural model of a
muclear power plant structure subjected to the 1940 El Centro
earthquake N-S ground motion.

Figure 3.8D-2 Spectral Response
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3.8E CODES, LOAD DEFINITIONS AND LOAD COMBINATIONS FOR THE

MODIFIC

ATION AND EVALUATION OF EXISTING STRUCTURES AND FOR

THE DESIGN OF NEW FEATURES ADDED TO EXISTING STRUCTURES AND
THE DESIGN OF STRUCTURES INITIATED AFTER JULY 1979

3.8E.1 Application Codes and Standards

(@)

(b)

(c)
(d)

(e)
(7)
9)
(h)

()

(k)
()
(m)

American Concrete Institute (ACI) 318-77, "Building Code Requirements for
Reinforced Concrete"

American Institute of Steel Construction (AISC), "Specification for the Design
Fabrication, and Erection of Structural Steel for Buildings," 7th edition adopted
February 12, 1969, as amended through June 12, 1974 or later editions, except
welded construction is in accordance with Item d below.

American Society for Testing and Materials (ASTM) Standards
American Welding Society (AWS)

Structural Welding Code, AWS D1.1-72, with Revisions 1-73 and 2-74 except
later editions may be used for prequalified joint details, base materials, and
qualification of welding procedures and welders.

Visual inspection of structural welds will meet the minimum requirements of
Nuclear Construction Issues Group documents NCIG-01 and NCIG-02 as
specified on the design drawings or other engineering design output (See
Section 3.8.4.1.1, Iltem 18).

National Fire Protection Association Standard NFPA 13
National Fire Protection Association Standard NFPA 14
National Fire Protection Association Standard NFPA 15
National Fire Protection Association Standard NFPA 24
National Fire Protection Association Standard NFPA 30

American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code, Sections lll, VIII, and IX

American Nuclear Standard Institute (ANSI) B31.1, "Power Piping"
AWS D1.1-81, "Structural Welding Code"

AISC-ANSI-N690-1984 "Nuclear Facilities Steel Safety-Related Structures for
Design, Fabrication and Erection"

3.8E.2 Load Definitions
The following terms are used in the load combination equations for structures.

CODES, LOAD DEFINITIONS AND LOAD COMBINATIONS FOR THE MODIFICATION AND EVALUATION OF 3.8E-1
EXISTING STRUCTURES AND FOR THE DESIGN OF NEW FEATURES ADDED TO EXISTING STRUCTURES

AND THE DESIGN OF

STRUCTURES INITIATED AFTER JULY 1979
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Normal loads, which are those loads to be encountered during normal plant operation
and shutdown, include:

D - Dead loads or their related internal moments and forces including any
permanent equipment loads; all hydrostatic loads; and earth loads applied
to horizontal surfaces.

L - Live loads or their related internal moments and forces including any
movable equipment loads and other loads which vary with intensity and
occurrence, such as lateral soil pressure.

T, - Thermal effects and loads during normal operating or shutdown
conditions, based on the most critical transient or steady-state condition.

R, - Pipe reactions during normal operating or shutdown conditions,
based on the most critical transient or steady-state condition.

Severe environmental loads include:

E - Loads generated by the operating basis earthquake (OBE). The term
"operating basis earthquake" has the same meaning as "one-half safe
shutdown earthquake."

W - Load generated by the design wind specified for the plant.
Extreme environmental loads include:

E' - Load generated by the safe shutdown earthquake (SSE). The term
"safe shutdown earthquake" has the same meaning as the term "design
basis earthquake" (DBE).

W, - Loads generated by the design tornado specified for the plant.
Tornado loads include loads due to the tornado wind pressure, the
tornado-created differential pressure, and to tornado-generated missiles.

Abnormal loads, which are those loads generated by a postulated high-
energy pipe break accident, include:

P, - Pressure equivalent static load within or across a compartment
generated by the postulated break, and including an appropriate dynamic
load factor to account for the dynamic nature of the load.

T, -Thermal loads under thermal conditions generated by the postulated
break and includingT,,.

R, -Pipe reactions under thermal conditions generated by the postulated
break and including R,,.

3.8E-2 CODES, LOAD DEFINITIONS AND LOAD COMBINATIONS FOR THE MODIFICATION AND
EVALUATION OF EXISTING STRUCTURES AND FOR THE DESIGN OF NEW FEATURES ADDED
TO EXISTING STRUCTURES AND THE DESIGN OF STRUCTURES INITIATED AFTER JULY 1979
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Y, - Equivalent static load on the structure generated by the reaction on
the broken high-energy pipe during the postulated break, and including an
appropriate dynamic load factor to account for the dynamic nature of the
load.

Y;- Jetimpingement equivalent static load on a structure generated by the
postulated break, and including an appropriate dynamic load factor to
account for the dynamic nature of the load.

Y, - Missile impact equivalent static load on a structure generated by or
during the postulated break, as from pipe whipping, and including an
appropriate dynamic load factor to account for the dynamic nature of the
load.

In determining an appropriate equivalent static load for Y, Y, and Y,
elasto-plastic behavior may be assumed with appropriate ductility ratios,
provided excessive deflections will not result in loss of function of any
safety-related system.

Other loads:

C - Construction live loads

F' - Hydrostatic load from the probable maximum flood
F, - Flood load generated by a postulated pipe break
Concrete capacity:

U - Concrete section strength required to resist design loads based on
the strength design methods described in ACI 318-77.

3.8E.3 Load Combinations - Concrete

For service load conditions, the strength design method is used, and the following load
combinations are considered.

(1) U=14D+17L
(2 U=14D+17L+19E
(3 U=14D+17L+17W

CODES, LOAD DEFINITIONS AND LOAD COMBINATIONS FOR THE MODIFICATION AND EVALUATION OF 3.8E-3
EXISTING STRUCTURES AND FOR THE DESIGN OF NEW FEATURES ADDED TO EXISTING STRUCTURES
AND THE DESIGN OF STRUCTURES INITIATED AFTER JULY 1979
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3.8E-4

If thermal stressses due to T, and R, are present, the following combinations are also
considered.

(1a) U=(0.75) (14D +1.7L+ 1.7 T, + 1.7 R,)

(2a) U=(0.75)(14D+17L+1.9E+ 1.7 T, + 1.7 Ry)

(3a) U=(0.75)(14D+1.7L+1.7W+1.7T,+1.7R,)

Both cases of L having its full value or being completely absent are checked. In
addition, the following combinations are considered:

(22) U=12D+1.9E

(32) U=12D+1.7W

(b)  Forfactored load conditions, which represent extreme environmental, abnormal,
abnormal/severe environmental and abnormal/extreme environmental
conditions, the strength design method is used; and the following load
combinations are considered:

(4)
)
(6)
(7)
(8)

U=D+L+Ty+R,+E
U=D+L+To+Ry+W,

U=D+L+T,+Ry+15P,
UsD+L+T,+Ry+1.25P,+ 1.0 (Y, +Y;+Yy)+1.25E

U=D+L+T3+R;+10P,+1.0(Y,+Y;+Y,)+10F

For the Additional Diesel Generator Building and structures initiated after July 1979,
the three individual tornado-generated loads are combined as follows:

Wi =W,

Wi =W,

Wi =W,

Wi =W, + 0.5W,

Wi =W, + W,

Wi =W, + 0.5 W, + W,
where:

W, is the total tornado load,
W,, is the tornado wind load,
W,, is the tornado-generated pressure differential load, and
W,, is the tornado missile load.
CODES, LOAD DEFINITIONS AND LOAD COMBINATIONS FOR THE MODIFICATION AND
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In combinations (6), (7), and (8), the maximum values of P, T, Ry, Yj, Y, and Y,
including an appropriate dynamic load factor, is used unless a time-history analysis is
performed to justify otherwise. Combinations (5), (7), and (8), are satisfied first without
the tornado missile load in (5) and without Y,, Yj, and Y, in (7) and (8). When
considering these concentrated loads, local section strength capacities may be
exceeded provided there is no loss of function of any safety-related system.

(c)  Other load conditions:
(99 U=14D+14C
(100 U=D+L+F
(11 U=D+F,

3.8E.4 Load Combinations - Structural Steel

(a) For service load conditions, the elastic working stress design methods of Part 1
of the AISC specifications is used and the following load combinations are

considered.
Allowable Stress Load Combinations
(1) AISC Allowable* D+L
(2) AISC Allowable* D+L+E
(3) AISC Allowable* D+L+W

*See Table 3.8E-1 for limiting values

If thermal stresses due to T, and R, are present, the following combinations are also
considered:

Allowable Stress Load Combinations
(1a) 1.5xAISC Allowable* D+L+T,+R,
(2a) 1.5xAISC Allowable* D+L+T,+R,+E
(3a) 1.5xAISC Allowable* D+L+T,+R,+W
* The allowable stress shall be limited to the values given in Table 3.8E-1.
Both cases of L having its full value or being completely absent, are checked.

(b) For factored load conditions, the following load combinations are considered.

CODES, LOAD DEFINITIONS AND LOAD COMBINATIONS FOR THE MODIFICATION AND EVALUATION OF 3.8E-5
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Allowable Stress Load Combinations
4) 1.6 x AISC Allowable* D+L+T,+R,+FE
(5) 1.6 X AISC Allowable* D +L+T,+R,+W;
(6) 1.6 x AISC Allowable* D+L+T,+R,+P,

(7) 1.6 xAISC Allowable* D+L+T,+R,+P,
+1.0 (Yj+ Y+ Yp)
+E

Allowable Stress Load Combinations

(8) 1.7 x AISC Allowable* D+L+T,+R,+P,
1.0 (Yj+ Y, +Yp) + E'

(9) 1.6 x AISC Allowable* D +F,
(10) 1.6 x AISC Allowable* D +L +E'
(11) 1.6 x AISC Allowable* D +L + W,

* If thermal loads are not present, the allowable stress shall be limited to the values
given in Table 3.8E-1.

Evaluations of miscellaneous and structural steel designed prior to July 1979, may be
performed using load combinations (2), (10), and (11) unless other specific loads of a
significant nature exist, in which case, the appropriate load combinations of Section
3.8E.4 must be considered. The design of modifications must meet the load
combinations in Section 3.8E.4.

Thermal analyses using linear elastic methods are performed for restrained Category
| structures located in high temperature environments.

In combinations (6), (7), and (8), the maximum values of P,, Ry, T, Yj, Y, and Y,
including an appropriate dynamic load factor, was used unless a time-history analysis
was performed to justify otherwise. Combinations (5), (7), and (8) were first satisfied
without the tornado missile load in (5) and without Y, Y;, and Y, in (7) and (8).

3.8E-6 CODES, LOAD DEFINITIONS AND LOAD COMBINATIONS FOR THE MODIFICATION AND
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Table 3.8E-1
(Sheet 1 of 2)
LIMITING VALUES OF ALLOWABLE STRESS

Sheer on Compression
Loading Tension on Net Gross on
Combinations Section Section Section Bending
(1), (2), (3) 0.60F, 0.40F, See Note 1 See Note 2
(1a), (2a), (3a) 0.90F, 0.90F, See Note 3 0.90F,

(4) through (9) V3

Note 1 - Varies with slenderness ratio, see AISC "Manual of Steel Construction," 7th Edition,
Table 1-36, Page 5-84.

Note 2 - Varies, see Section 1.5.1.4, "Bending", of Item 3.8E.1.b

Note 3 - Varies with slenderness ratio. The allowable stress was obtained from AISC Specification
Section 1.5, using formula 1.5-1 or 1.5-2 and 1.5-3 with modifications, as shown below:

(P2

2C
c

Main and secondary members

(Formula A)

Kl/r <C.: F, = O.9Fy 1—

2
0.9 E (Formula B)

KN2
(P
F,[by Formula (A) or (B)]

__L
200r

Main members C.<Kl/r<200: F, =

Secondary members 120 <KI/r<200: F,q =
1.6

Where:

E = Modulus of elasticity of steel

CODES, LOAD DEFINITIONS AND LOAD COMBINATIONS FOR THE MODIFICATION AND EVALUATION OF 3.8E-7
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Table 3.8E-1
(Sheet 2 of 2)
LIMITING VALUES OF ALLOWABLE STRESS

F, = Axial compressive stress permitted in the absence of bending moment (kips per square inch)

Fas = Axial compressive stress, permitted in the absence of bending moment, for bracing and other
secondary members (kips per square inch)

F, = Specified minimum yield stress of materials (kips per square inch)

K = Effective length factor
= Actual unbraced length (inches)

r = Governing radius of gyration (inches)

3.8E-8 CODES, LOAD DEFINITIONS AND LOAD COMBINATIONS FOR THE MODIFICATION AND
EVALUATION OF EXISTING STRUCTURES AND FOR THE DESIGN OF NEW FEATURES ADDED
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3.9 MECHANICAL SYSTEMS AND COMPONENTS

3.9.1 General Topic for Analysis of Seismic Category | ASME Code and Non-Code

Items

3.9.1.1 Design Transients

Transients used in the design and fatigue analysis for Westinghouse supplied ASME
Code Class 1 components and CS components are discussed and presented in
Section 5.2.1.5. Specifically, the transients are identified for Class 1 components in
Tables 5.2-2 and 5.2-3. The transients used in the design and analysis of RCS
components are identified in Table 5.2-2.

3.9.1.2 Computer Programs Used in Analysis and Design

3.9.1.2.1 Other Than NSSS Systems, Components, Equipment, and Supports

(1)  The following computer programs are used in piping analyses:

(@)

(b)

TPIPE Program - TPIPE is a special purpose computer program
capable of performing static and dynamic linear elastic analyses of
power-related piping systems. The dynamic analysis option includes:
(1) frequency extraction, (2) response spectrum, (3) time history modal
superposition, and (4) time history direct integration methods.

In addition to these basic analysis capabilities, the program can perform
an ASME Section lll, Class 1, 2, or 3 stress evaluation and perform
thermal transient heat analysis to provide the linear thermal gradient,
AT1, nonlinear thermal gradient, AT2, and gross discontinuity
expansion difference, a, T, - o, Ty, required for a Class 1 stress
evaluation.

This program is owned and maintained by TVA. It has been fully
verified and documented and was compared with PISOL, SAP 1V,
PIPSD, STARDYNE, and SUPERPIPE with excellent correlation.
These programs are well recognized and utilized throughout the
industry. It is maintained and updates are verified in accordance with
the TVA Quality Assurance Program for Computer Software.

Post Processors - The post processors are used in performing the
stress evaluations and support load calculations made in the analysis
of piping systems.

The programs use moment, force, and deflection data generated by
TPIPE. A stress evaluation is made for each joint on the analysis model.
The appropriate stress intensifications/stress indices according to the
ASME Section Il code are utilized in evaluating stresses for the
Normal, Upset, Emergency, and Faulted Conditions. Pipe rupture limits
and active valve limits are also evaluated. The allowed stress

MECHANICAL SYSTEMS AND COMPONENTS 3.9-1
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3.9-2

difference for pipe lug attachments and the lug load is calculated for
each load condition.

Support and anchor design loads are calculated for each support to
meet the requirements given in Section 3.9.3.4.2.

(c) The following computer programs are also used for piping analysis:
Program Source Program Description
ME-101 BECHTEL Linear elastic analysis of piping
systems - Bechtel Western Power
Corp San Francisco, CA.
ANSYS SWANSON General purpose finite element

program — Swanson Analysis
Systems, Inc. Houston, PA.

(2) The following computer programs are used in support design and
equipment/component analysis.

ACRONYM PROGRAM DESCRIPTION

FAPPS (ME150) Frame Analysis For Pipe Supports

SMAPPS (ME152) Standard Frame Analysis For Small Bore Pipe
Supports

MAPPS (ME153) Miscellaneous Applications For Pipe Supports

IAP Integral Welded Attachments

CONAN Allowable Tensile Load For Anchor Bolt Group
With Shear Cone Overlap

BASEPLATE Il Finite Element Analysis Of Base Plates And
Anchor Bolts

GT STRUDL Structural Analysis Program

CASD TVA Computer Aided Support Design Program

SUPERSAP Structural Finite Element Analysis Program

ANSYS Structural Finite Element Analysis Program

STARDYNE Structural Analysis Program

MECHANICAL SYSTEMS AND COMPONENTS
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3.9.1.2.2 Programs Used for Category | Components of NSSS

Computer programs that Westinghouse uses in analysis to determine structural and
functional integrity of Seismic Category | systems, components, equipment and
supports are presented in WCAP-8252, Revision 1 ['l and WCAP-8929 1101,

3.9.1.3 Experimental Stress Analysis

No experimental stress analysis was used per se, for the reactor internals. However,
Westinghouse makes extensive use of measured results from prototype plants and
various scale model tests as discussed in the following Sections 3.9.2.4, 3.9.2.5, and
3.9.2.6.

3.9.1.4 Consideration for the Evaluation of the Faulted Condition

3.9.1.4.1 Subsystems and Components Analyzed by Westinghouse

The analytical methods used to evaluate stresses for ASME Class 1 systems and
components are presented in Section 5.2.1.10. The results of the analyses are
documented in the stress reports that describe the system or component.

For reactor internals the faulted condition was evaluated based on a non-linear elastic
system analysis and conforms to the requirements of Appendix F of the ASME Code
Section lll. Analytical methods are described in Section 3.9.2.5.

3.9.1.4.2 Subsystems and Components Analyzed by TVA

(1) Piping Systems - The methods employed in the analysis of ASME Class 1
and Class 2/3 piping systems are elastic analytical methods as described by
the equations of Sections NB-3600 and NC-3600 of the ASME Code.

The faulted condition stress limits specified for Class 1 and Class 2/3 systems
are in compliance with the elastic method limits set forth in Appendix F
subsection F-1360 of the ASME Section Ill Code.

(2) Piping System Supports - The methods employed in the analysis of ASME
Code Classes 1, 2, and 3 piping system supports are as follows:

Linear Type - Elastic methods as described by Part | of the AISC,
"Specification for the Design, Fabrication, and Erection of Structural
Steel for Buildings," February 12, 1969. (Supplements 1, 2, & 3) (*Later
edition of the AISC code may be utilized when design safety is not
compromised.)

(a) Standard Components - Elastic or load-rated methods as described by
Manufacturers' Standardization Society (MSS) SP-58, 1967 edition,
"Pipe Hangers and Supports."

The faulted condition stress limits for Class 1, 2, and 3 pipe supports are
specified in Section 3.9.3.4.2. For linear supports these faulted
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condition limits meet the intent and requirements of the elastic method
limits set forth in Appendix F, subsection F-1320 or F-1370, of the
ASME Section Ill Code. See Section 3.9.3.4.2. For standard
components, the allowable stresses or load ratings of MSS-SP-58 are
based on a factor of safety of five based on normal operating conditions.
Upset, emergency, faulted, and test conditions were evaluated using
Table 3.9-21. This low allowable stress is adequate to assure that
active components are properly supported for faulted conditions.

(3) Mechanical Equipment

No plastic instability allowable limits given in ASME Section Il have been
used when dynamic analysis is performed. The limit analysis methods have
the limits established by ASME Section Ill for Normal, Upset and Emergency
Conditions. For these cases, the limits are sufficiently low to assure that the
elastic system analysis is not invalidated. For ASME Code Class 1
mechanical equipment, the stress limits for faulted loading conditions are
specified in Sections 3.9.3.1.2 and 5.2. For ASME Code Class 2 and 3
mechanical equipment the stress limits for faulted loading conditions are
specified in Section 3.9.3.1.2. These faulted condition limits are established
in such a manner that there is equivalence with the adopted elastic system
analysis. Particular cases of concern are checked by readjusting the elastic
system analysis.

(4) Mechanical Equipment Supports

The stress limits for the faulted loading condition of mechanical equipment
supports are given in Section 3.9.3.4.1 of Westinghouse's scope of supply,
and Section 3.9.3.4.2 for TVA's scope of supply.

3.9.2 Dynamic Testing and Analysis

3.9.2.1 Preoperational Vibration and Dynamic Effects Testing on Piping

ASME Code Section lll, Subparagraph NB-3622.3, "Vibration," requires that vibration
effects in piping systems shall be visually observed and where questionable shall be
measured and corrected as necessary.

The preoperational piping dynamic effects test program at this plant is as follows:

(a) The dynamic (steady state and transient) behavior of safety related
piping systems designated as ASME Class 1, 2, and 3 is observed
during the preoperational testing program. Sample and instrument
lines beyond the root valves are normally not included. Also included
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(b)

(c)

(d)

(e)

(")

(9)

(h)

(i)

()

in the program are those portions of ANSI B31.1 piping which has a
potential to exhibit excessive vibrations.

Preoperational tests involving critical piping systems will be in
compliance with Regulatory Guide 1.68, "Preoperational and Initial
Startup Test Programs for Water-Cooled Power Reactors."

For the piping systems discussed in ltem a., visual observation of the
piping will be performed by trained personnel during predetermined,
steady-state and transient modes of operation. The maximum point(s)
of representative vibration, as determined by the visual observation, will
be instrumented and measurement will be taken to determine actual
magnitudes, if it is judged to be excessive.

The allowable criteria for measurements shall be either a maximum
half-amplitude displacement or velocity value based on an endurance
limit stress as defined in the ASME B&PV Code (refer to Section
3.7.3.8.1).

Should the measured magnitudes actually exceed the allowable,
corrective measures will be performed for the piping system. Any new
restraints, as required by corrective measures, will be incorporated into
the piping system analysis.

The flow mode which produced the excessive vibrations will be
repeated to assure that vibrations have been reduced to an acceptable
level.

The flow modes to which the system components will be subjected are
defined, in general terms, in the preoperational test program.

Vibration measurements will also be taken on the vital pumps at
baseline and on a periodic basis so that excessive vibration can be
corrected early in the program and/or detected if it gradually becomes
a problem.

Vibrations of the affected portions of the main steam system during MS
isolation valve trip will be tested and the results will be evaluated.

Thermal expansion tests will be conducted on the following piping
systems:

» Reactor Coolant System
= Main Steam
m Steam Supply to Auxiliary Feedwater Pump Turbine

= Main Feedwater

MECHANICAL SYSTEMS AND COMPONENTS 3.9-5



WATTS BAR WBNP-103

m Pressurizer Relief Line
= RHR in Shutdown Cooling Mode
m Steam Generator Blowdown

» Safety Injection System (those lines adjoining RCS which experience
temperature > 200°F)

» Auxiliary Feedwater

= CVCS (Charging line from Regen. Hx to RCS, Letdown Line from
RCS to Letdown Hx)

During the thermal expansion test, pipe deflections will be measured or
observed at various locations based on the location of snubbers and
hangers and expected large displacement. One complete thermal
cycle (i.e., cold position to hot position to cold position ) will be
monitored. For most systems, the thermal expansion will be
monitored at cold conditions and at normal operating temperature.
Intermediate temperatures are generally not practical due to the short
time during which the normal operating temperature is reached. For
the reactor coolant system and the main steam system,
measurements will be made at cold, 250°F, 350°F, 450°F and normal
operating temperatures.

Acceptance criteria for the thermal expansion test verify that the piping
system is free to expand thermally (i.e., piping does not bind or lock at
spring hangers and snubbers nor interfere with structures or other
piping), and to confirm that piping displacements do not exceed design
limits, as described by ASME Section lll (i.e., the induced stresses do
not exceed the sum of the basic material allowable stress at design
temperature and the allowable stress range for expansion stresses).

If thermal motion is not as predicted, the support system will be
examined to verify correct function or to locate points of binding of
restraints. If binding is found, the restraints will be adjusted to eliminate
the unacceptable condition or reanalyzed to verify that the existing
condition is acceptable.

3.9.2.2 Seismic Qualification Testing of Safety-Related Mechanical Equipment

Design of Category | mechanical equipment to withstand seismic, accident, and
operational vibratory loadings is provided either by analysis or dynamic testing.

Generally tests are run with either of the following two objectives:

(1) To obtain information on parts or systems necessary to perform the required
analysis, or
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(2) To prove the design (stress or operability) adequacy of a given equipment or
structure without performing any analysis of this particular equipment or
structure.

The need for the first type of tests is dictated by lack of information on some of the
inputs vital to the performance of an analysis. These tests can be either static (to
obtain spring constants) or dynamic (to obtain impedance characteristics).

The need for the second type of test is mainly dictated by the complexity of the
structure/equipment under design. This vibration testing is usually performed in a
laboratory or shop on a prototype basis, using various sources of energy.

For general seismic qualification requirements for mechanical and electrical
equipment, see Section 3.7.3.16.

Laboratory vibration testing can be conducted by employing various forms of shakers,
the variation depending on the source of the driving force. Generally, the primary
source of motion may be electromagnetic, mechanical, or hydraulic-pneumatic. Each
is subject to inherent limitations which usually dictate the choice.

To properly simulate the seismic disturbance, the waveform must be carefully defined.
The waveform seen by a given piece of equipment depends on:

(1) The earthquake motion specified for a given site.
(2) The soil-structure interaction.

(3)  The building in which the component is housed.
(4) The floor on which the equipment is located.

(5) The support and attachments to the equipment.

Components located on rocks or on stiff lower floors of buildings founded on rock are
subjected to random-type vibrations. Components located on the upper floors of
flexible buildings, in flexible subsystems, or in buildings on soft foundations are roughly
subjected to sine beats with a frequency close to fundamental frequency of the building
or subsystem.

In cases where random vibration inputs are used, extreme care is paid to the selection
of random forcing functions having frequency content and energy conservatively
approaching those of the ground or buildings motion caused by the specified
earthquake(s).

The most common and readily available vibration testing facilities could only carry

simple harmonic motion. By analytical comparison with time history response obtained
with a number of real earthquake motions, it has been found that these time histories
can be approximately simulated with wave forms having the shape of sine beats with
5 or 10 cycles per beat, a frequency equal to the component natural frequencies, and
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maximum amplitude equal to the maximum seismic acceleration to which the
component needs to be qualified. For equipment located on building floors, the
maximum seismic input acceleration is the maximum floor acceleration. This is
obtained from the dynamic analysis of the building or from the appropriate floor
response spectrum at the zero period of the equipment.

The above procedure adheres closely to the IEEE 344-1971 "IEEE Guide for Seismic
Qualification of Class 1 Electric Equipment for Nuclear Power Generating Stations."
This standard was specified for equipment for the Watts Bar Nuclear Plant contracted
for up to September 1, 1974. New contracts after this date specified IEEE 344-1975
"IEEE Recommended Practices for Seismic Qualification of Class 1E Equipment for
Nuclear Power Generating Stations." The first test to the IEEE 344-1975 was run in
March 1974 on 6.9 kV switch gear. On local panels, test qualification to both standards
was used because some instruments and controls mounted there on were procured to
each version. This one test revealed that the 1971 version of IEEE 344 was the more
severe.

As an example, seismic qualification and the demonstration of operability of active
Class 2 and 3 pumps, active Class 1, 2, or 3 valves, and their respective drives,
operators and vital auxiliary equipment is shown by satisfying the criteria given in
Section 3.9.3.2. Other active mechanical equipment will be shown operable by either
testing, analysis or a combination of testing and analysis. The operability programs
implemented on this other active equipment will be similar to the program described in
Section 3.9.3.2 for pumps and valves. Testing procedures similar to the procedures
outlined in Section 3.10 for electrical equipment will be used to demonstrate operability
if the component is mechanically or structurally complex such that its response cannot
be adequately predicted analytically. Analysis may be used if the equipment is
amenable to modeling and dynamic analysis.

Inactive Seismic Category | equipment will be shown to have structural integrity during
all plant conditions in one of the following manners: 1) by analysis satisfying the stress
criteria applicable to the particular piece of equipment, or 2) by test showing that the
equipment retains its structural integrity under the simulated seismic environment.

A list of Category | mechanical equipment and the original method of qualification is
provided in the Table 3.7-25.

3.9.2.3 Dynamic Response Analysis of Reactor Internals Under Operational Flow

3.9-8

Transients and Steady-State Conditions

The vibration characteristics and behavior due to flow induced excitation are very
complex and not readily ascertained by analytical means alone. Reactor components
are excited by the flowing coolant which causes oscillatory pressures on the surfaces.
The integration of these pressures over the applied area should provide the forcing
functions to be used in the dynamic analysis of the structures. In view of the complexity
of the geometries and the random character of the pressure oscillations, a closed form
solution of the vibratory problem by integration of the differential equation of motion is
not always practical and realistic. Therefore, the determination of the forcing functions
as a direct correlation of pressure oscillations can not be practically performed

MECHANICAL SYSTEMS AND COMPONENTS



WATTS BAR WBNP-103

independently of the dynamic characteristics of the structure. The main objective,
then, is to establish the characteristics of the forcing functions that essentially
determine the response of the structures. By studying the dynamic properties of the
structure from previous analytical and experimental work, the characteristics of the
forcing function can be deduced. These studies indicate that the most important
forcing functions are flow turbulence, and pump-related excitation. The relevance of
such excitations depends on many factors such as type and location of component and
flow conditions.

The effects of these forcing functions have been studied from test runs on models,
prototype plants and in component tests [2:4:5]

The Indian Point Unit 2 plant has been established as the prototype for four-loop plant
internals verification program and was fully instrumented and tested during initial
startup [*1. In addition, the Sequoyah Unit 1 and Trojan Nuclear Plants have also been
instrumented to provide prototype data applicable to Watts Bar 5],

Although the Watts Bar plant is similar to Indian Point Unit 2, significant differences are
the modifications resulting from the use of 17 x 17 fuel, the replacement of the annular
thermal shield with neutron shielding panels, and reactor vessel barrel/baffle upflow
flow design. These differences are addressed below.

(1) 17 x 17 Fuel

The only structural changes in the internals resulting from the design change
from the 15 x 15 to the 17 x 17 fuel assembly are the guide tube and control
rod drive line. The new 17 x 17 guide tubes are stronger and more rigid,

hence they are less susceptible to flow induced vibration. The fuel assembly
itself is relatively unchanged in mass and spring rate, and thus no significant
deviation is expected from the 15 x 15 fuel assembly vibration characteristics.

(2) Neutron Shielding Pads Lower Internals

The primary cause of core barrel excitation is flow turbulence, which is not
affected by the upper internals [3l. The vibration levels due to core barrel
excitation for Trojan and Watts Bar both having neutron shielding pads, are
expected to be similar. Since Watts Bar has greater velocities than Trojan,
vibration levels due to the core barrel excitation is expected to be somewhat
greater than that for Trojan (proportional to flow velocity raised to a small
power). However, scale model test results and preliminary results from
Trojan show that core barrel vibration of plants with neutron shielding pads is
significantly less than that of plants with thermal shields. This information and
the fact that low core barrel flange stresses with large safety margins were
measured at Indian Point Unit 2 (thermal shield configuration) lead to the
conclusion that stresses approximately equal to those of Indian Point Unit 2
will result on the Watts Bar internals with the attendant large safety margins.

(3) Reactor Vessel Barrel/Baffle Upflow Conversion
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The upflow conversion consists of changes to the reactor vessel
components, which are to plug the core barrel inlet flow holes and to provide
holes in the top former plate. These modifications change the flow path from
being downflow to upflow between the core barrel and the baffle plate and
increase core bypass flow by 1.5%. Changing the flow path reduces the
pressure differential across the baffle plate, eliminating the jetting of coolant
between the joints between the baffle plates. Although defined as a
difference between Indian Point 2 and Watts Bar internals, the conversion of
the Watts Bar internals to the upflow configuration has no direct impact on the
reactor core system under earthquake conditions. Therefore, the fuel
assembly structural integrity during a seismic event is not affected by the
modification. The potential effects due to the LOCA contribution, as a result
of the upflow modification, has been demonstrated by evaluation that the
impact of the change in forces from the initial downflow design to upflow are
insignificant. Therefore, the modifications associated with the upflow
conversion do not increase the seismic or LOCA induced loads significantly
compared to that of the downflow design, and the fuel assembly structural
integrity and coolable geometry are maintained. This issue has been
reviewed and approved by the NRC [11&12],

3.9.2.4 Preoperational Flow-Induced Vibration Testing of Reactor Internals

Because the Watts Bar reactor internals design configuration is well characterized, as
was discussed in Section 3.9.2.3, it is not considered necessary to conduct
instrumented tests of the Watts Bar plant hardware. The requirements of Regulatory
Guide 1.20 will be met by conducting the confirmatory preoperational testing
examination for integrity per Paragraph D, of Regulatory Guide 1.20, "Regulation for
Reactor Internals Similar to the Prototype Design." This examination will include some
35 points (Figure 3.9-1) with special emphasis on the following areas.

(1)  All major load-bearing elements of the reactor internals relied upon to retain
the core structure in place.

(2) The lateral, vertical and torsional restraints provided within the vessel.

(3) Those locking and bolting devices whose failure could adversely affect the
structural integrity of the internals.

(4) Those other locations on the reactor internal components which are similar to
those which were examined on the prototype Indian Point Unit 2 design.

(5) The inside of the vessel will be inspected before and after the hot functional
test, with all the internals removed, to verify that no loose parts or foreign
material are in evidence.

A particularly close inspection will be made on the following items or areas using a 5X
or 10X magnifying glass or penetrant testing where applicable.
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(1) Lower Internals

(@)

(b)

(c)

(d)

(e)
()
(9)

(h)
(i)
()

(k)

()

(m)

Upper barrel to flange girth weld.
Upper barrel to lower barrel girth weld.

Upper core plate aligning pin. Examine bearing surfaces for any
shadow marks, burnishing, buffing or scoring. Inspect welds for
integrity.

Irradiation specimen guide screw locking devices and dowel pins.
Check for lockweld integrity.

Baffle assembly locking devices. Check for lockweld integrity.
Lower barrel to core support girth weld.

Neutron shield panel screw locking devices and dowel pin cover plate
welds. Examine the interface surfaces for evidence of tightness and for
lockweld integrity.

Radial support key welds.
Insert screw locking devices. Examine soundness of lockwelds.

Core support columns and instrumentation guide tubes. Check the
joints for tightness and soundness of the locking devices.

Secondary core support assembly screw locking devices for lockweld
integrity.

Lower radial support keys and inserts. Examine for any shadow marks,
burnishing, buffing or scoring. Check the integrity of the lockwelds.
These members supply the radial and torsional constraint of the
internals at the bottom relative to the reactor vessel while permitting
axial and radial growth between the two. One would expect to see, on
the bearing surfaces of the key and keyway, burnishing, buffing or
shadow marks which would indicate pressure loading and relative
motion between the two parts. Some scoring of engaging surfaces is
also possible and acceptable.

Gaps at baffle joints. Check for gaps between baffle and top former and
at baffle to baffle joints.
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(2) Upper Internals
(a) Thermocouple conduits, clamps and couplings.

(b) Guide tube, support column, orifice plate, and thermocouple assembly
locking devices.

(c) Support column and thermocouple conduit assembly clamp welds.

(d) Upper core plate alignment inserts. Examine for any shadow marks,
burnishing, buffing or scoring. Check the locking devices for integrity of
lockwelds.

(e) Thermocouple conduit gusset and clamp welds (where applicable).
()  Thermocouple conduit end-plugs. Check for tightness.

(g) Guide tube enclosure welds, tube-transition plate welds and card
welds.

Acceptance standards are the same as required in the shop by the original design
drawings and specifications.

During the hot functional test, the internals will be subjected to a total operating time at
greater than normal full-flow conditions (four pumps operating) of at least 240 hours.
This provides a cyclic loading of approximately 107 cycles on the main structural
elements of the internals. In addition there will be some operating time with only one,
two and three pumps operating.

When no signs of abnormal wear, no harmful vibrations are detected and no apparent
structural changes take place, the four-loop core support structures are considered to
be structurally adequate and sound for operation.

3.9.2.5 Dynamic System Analysis of the Reactor Internals Under Faulted

Conditions

3.9.2.5.1 Design Criteria

3.9-12

The basic requirement of any LOCA including the double-ended severance of a reactor
coolant pipe, is that sufficient integrity be maintained to permit the safe and orderly
shutdown of the reactor. This implies that the core must remain essentially intact and
the deformations of the internals must be sufficiently small so that primary loop flow,
and particularly, adequate safety injection flow, is not impeded. The ability to insert
control rods, to the extent necessary, to provide shutdown following the accident must
be maintained. Maximum allowable deflection limitations are established for those
regions of the internals that are critical for plant shutdown. The allowable and no loss
of function deflection limits under dead weight loads plus the maximum potential
earthquake and/or blowdown excitation loads are presented in Table 3.9-5. These
limits have been established by correlating experimental and analytical results.

MECHANICAL SYSTEMS AND COMPONENTS



WATTS BAR WBNP-103

With the acceptance of Leak-Before Break by NRC, References [6][7][8][9][10][11] and
[12] of Section 3.6B.1, the dynamic effects of main coolant loop piping are no longer
considered in the design basis analysis. Only the dynamic effects of the next most
limiting breaks of auxiliary lines need to be considered; and consequently the
components will experience considerably less loads and deformations than those from
the main loop line breaks.

3.9.2.5.2 Internals Evaluation

The horizontal and vertical forces exerted on reactor internals and the core, following
a LOCA, are computed by employing the MULTIFLEX 3.0, which is an enhancement
and extension of MULTIFLEX 1.0,['* NRC reviewed and approved computer code
developed for the space-time dependent analysis of nuclear power plants.
MULTIFLEX 3.0 has been accepted by NRC for several other applications! 15! [16]. [17],
['8] and also has been extensively used for the LOCA analyses of reactor internals
components of numerous other 2, 3, and 4 loop nuclear power plants.

3.9.2.5.3 LOCA Forces Analysis

MULTIFLEX['¥ is a digital computer program for calculation of pressure, velocity, and
force transients in reactor primary coolant systems during the subcooled, transition,
and early saturation portion of blowdown caused by a LOCA. During this phase of the
accident, large amplitude rarefaction waves are propagated through the system with
the velocity of sound causing large differences in local pressures. As local pressures
drop below saturation, causing formation of steam, the amplitudes and velocities of
these waves drastically decrease. Therefore, the largest forces across the reactor
internals due to wave propagation occur during the subcooled portions of the
blowdown transient. MULTIFLEX includes mechanical structure models and their
interaction with the thermal-hydraulic system.

MULTIFLEX Code

The thermal-hydraulic portion of MULTIFLEX is based on the one dimensional
homogeneous flow model which is expressed as a set of mass, momentum, and
energy conservation equations. These equations are quasi-linear first order partial-
differential equations that are solved by the method of characteristics. The numerical
method employed is the explicit scheme; consequently time steps for stable numerical
integration are restricted by sonic propagation.

In MULTIFLEX, the structural walls surrounding a hydraulic path may deviate from their
neutral positions depending on the force differential on the wall. The wall
displacements are represented by those of one-dimensional mass points which are
described by the mechanical equations of vibration.

MULTIFLEX is a generalized program for analyzing and evaluating thermal-hydraulic-
structure system dynamics. The thermal-hydraulic system is modeled with an
equivalent pipe network consisting of one-dimensional hydraulic legs which define the
actual system geometry. The actual system parameters of length, area, and volume
are represented with the pipe network.
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3.9.2.54

3.9-14

MULTIFLEX computes the pressure response of a system during a decompression
transient. The asymmetric pressure field in the down-comer annulus region of a PWR
can be calculated. This pressure field is integrated over the core support barrel area
to obtain total dynamic load on the core support barrel. The pressure distributions
computed by MULTIFLEX can also be used to evaluate the reactor core assembly and
other primary coolant loop component support integrity.

MULTIFLEX evaluates the pressure and velocity transients for locations throughout
the system. The pressure and velocity transients are made available to the programs
LATFORC and FORCE-2 (described in Reference [14], Appendix A and B), which
used detailed geometric descriptions to evaluate hydraulic loading on reactor internals.

Horizontal/Lateral Forces - LATFORC

LATFORC, described in Reference [14], Appendix A, calculates the lateral hydraulic
loads on the reactor vessel wall, core barrel, and thermal shield, resulting from a
postulated LOCA in the primary RCS. A variation of the fluid pressure distribution in
the down-comer annulus region during the blowdown transient produces significant
asymmetrical loading on the reactor vessel internals. The LATFORC computer code
is used in conjunction with MULTIFLEX, which provides the transient pressures, mass
velocities, and other thermodynamic properties as a function of time.

Vertical Forces - FORCE-2

FORCE-2, described in Reference [14], Appendix B, determines the vertical hydraulic
loads on the reactor vessel internals. Each reactor component for which force
calculations are required is designated as an element and assigned an element
number. Forces acting upon each of the elements are calculated summing the effects
of:

(1) The pressure differential across the element.
(2) Flow stagnation on, and unrecovered orifice losses across, the element.
(3) Friction losses along the element.

Input to the code, in addition to the MULTIFLEX pressure and velocity transients,
includes the effective area of each element on which acts the force due to the pressure
differential across the element, a coefficient to account for flow stagnation and
unrecovered orifice losses, and the total area of the element along which the shear
forces act.

Structural Response of Reactor Internals During LOCA and Seismic
Conditions
Structural Model and Methods of Analysis

The response of reactor vessel internals due to an excitation produced by a complete
severance of auxiliary loop piping is analyzed. With the acceptance of Leak-Before-
Break (LBB) by NRC, Reference [12] of Section 3.6B.1, the dynamic effects of main
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coolant loop piping no longer have to be considered in the design basis analysis. Only
the dynamic effects of the next most limiting breaks of auxiliary lines need to be
considered; and consequently the components will experience considerably less loads
than those from the main loop line breaks.

Assuming that such a pipe break in cold leg occurs in a very short period of time (1 ms),
the rapid drop of pressure at the break produces a disturbance that propagates through
the reactor vessel nozzle into the down-comer (vessel and barrel annulus) and excites
the reactor vessel and the reactor internals. The characteristics of the hydraulic
excitation combined with those of the structures affected present a unique dynamic
problem. Because of the inherent gaps that exist at various interfaces of the reactor
vessel/reactor internals/fuel, the problem becomes that of nonlinear dynamic analysis
of the reactor pressure vessel system. Therefore, nonlinear dynamic analyses (LOCA
and Seismic) of the reactor pressure vessel system include the development of LOCA
and seismic forcing functions.

Structural Model

Figure 3.9-1 is schematic representation of the reactor pressure vessel system. In this
figure, the major components of the system are identified. The reactor pressure vessel
system finite element model for the nonlinear time history dynamic analysis consists of
three concentric structural sub-models connected by nonlinear impact elements and
linear stiffness matrices. The first sub-model, shown in Figure 3.9-2a and 3.9-2b
represents the reactor vessel shell and its associated components. The reactor vessel
is restrained by four reactor vessel supports (situated beneath alternate nozzles) and
by the attached primary coolant piping. Also shown in Figure 3.9-2a is a typical reactor
pressure vessel support mechanism.

The second sub-model, shown in Figure 3.9-3a represents the reactor core barrel,
lower support plate, tie plates, and the secondary support components for Watts Bar
Unit 1. These sub-models are physically located inside the first, and are connected by
stiffness matrices at the vessel/internals interfaces. Core barrel to reactor vessel shell
impact is represented by nonlinear elements at the core barrel flange, upper support
plate flange, core barrel outlet nozzles, and the lower radial restraints.

The third and innermost sub-model, shown in Figure 3.9-3b represents the upper
support plate assembly consisting of guide tubes, upper support columns, upper and
lower core plates, and the fuel. The fuel assembly simplified structural model
incorporated into the reactor pressure vessel system model preserves the dynamic
characteristics of the entire core. For each type of fuel design the corresponding
simplified fuel assembly model is incorporated into the system model. The third sub-
model is connected to the first and second by stiffness matrices and nonlinear
elements. Finally, Figure 3.9-3c shows the reactor pressure vessel system model
representation.

Analysis Technique

The WECAN Computer Code[19] which is used to determine the response of the
reactor vessel and its internals, is a general purpose finite element code. In the finite
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3.9-16

element approach, the structure is divided into a finite number of discrete members or
elements. The inertia and stiffness matrices, as well as the force array, are first
calculated for each element in the local coordinates. Employing appropriate
transformations, the element global matrices and arrays are assembled into global
structural matrices and arrays, and used for dynamic solution of the differential
equation of motion for the structure.

[M}{U} + [DKU} + [KK{U} = {F} (1)

The WECAN Code solves equation of motions (1) using the nonlinear modal
superposition theory. Initial computer runs such as dead weight analysis and the
vibration (modal) analyses are made to set the initial vertical interface gaps and to
calculate eigenvalues and eigenvectors. The modal analysis information is stored on
magnetic tapes, and is used in a subsequent computer runs which solves equation of
motions. The first time step performs the static solution of equations to determine
steady state solution under normal operating hydraulic forces. After the initial time
step, WECAN calculates the dynamic solution of equations of motions and nodal
displacements and impact forces are stored on tape for post-processing.

The fluid-solid interactions in the LOCA analysis are accounted through the hydraulic
forcing functions generated by MULTIFLEX Code. Following a postulated LOCA pipe
rupture, forces are imposed on the reactor vessel and its internals. These forces result
from the release of the pressurized primary system coolant. The release of
pressurized coolant results in traveling depressurization waves in the primary system.
These depressurization waves are characterized by a wave front with low pressure on
one side and high pressure on the other.

The LOCA loads applied to the reactor vessel system for the auxiliary line breaks
consist of:

(a) reactor internals hydraulic loads (vertical and horizontal, and
(b) reactor coolant loop mechanical loads.
These loads are calculated individually and combined in a time history manner.

Reactor Pressure Vessel Internal Hydraulic Loads

Depressurization waves propagate from the postulated break location into the reactor
vessel through either a hot leg or a cold leg nozzle. After a postulated cold leg break
the depressurization path for waves entering the reactor vessel is through the nozzle
which contains the broken pipe and into the region between the core barrel and the
reactor vessel (i.e., down-comer region). The initial waves propagate up, around, and
down the down-comer annulus, then up through the region circumferentially enclosed
by the core barrel, that is, the fuel region.

In the case of cold leg break, the region of the down-comer annulus close to the break
depressurizes rapidly but, because of the restricted flow areas and finite wave speed
(approximately 3000 feet per second), the opposite side of the core barrel remains at
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a high pressure. This results in a net horizontal force on the core barrel and the reactor
vessel. As the depressurization wave propagates around the down-comer annulus
and up through the core, the core barrel differential pressure reduces and, similarly,
the resulting hydraulic forces drop.

In the case of a postulated break in the hot leg, the wave follows a similar
depressurization path, passing through the outlet nozzle and directly into the upper
internals region depressurizing the core and entering the down-comer annulus from
the bottom exit of the core barrel. Thus, after a reactor pressure vessel outlet nozzle
break, the down-comer annulus would be depressurized with very little difference in
pressure forces across the outside diameter of the core barrel. A hot leg break
produces less horizontal force because the depressurization wave travels directly to
the inside of the core barrel (so that the down-comer annulus is not directly involved)
and internal differential pressures are not as large as for a cold leg break of the same
size. Since the differential pressure is less for a hot leg break, the horizontal force
applied to the core barrel is less for hot leg break than for a cold leg break. For breaks
in both the hot leg and cold leg, the depressurization waves continue to propagate by
reflection and translation through the reactor vessel and loops.

The MULTIFLEX computer code, calculates the hydraulic transients within the entire
primary coolant system. It considers subcooled, transition, and early two-phase
(saturated) blowdown regimes. The MULTIFLEX code employs the method of
characteristics to solve the conservation laws, and assumes one-dimensionality of flow
and homogeneity of the liquid-vapor mixture. The MULTIFLEX code considers a
coupled fluid-structure interaction by accounting for the deflection of constraining
boundaries, which are represented by separate spring-mass oscillator system. A
beam model of the core support barrel has been developed from the structural
properties of the core barrel; in this model, the cylindrical barrel is vertically divided into
equally spaced segments and the pressures as well as the wall motions are projected
onto the plane parallel to the broken nozzle. Horizontally, the barrel is divided into 10
segments; each segment consists of three separate walls. The spatial pressure
variation at each time step is transformed into 10 horizontal forces which act on the 10
mass points of the beam model. Each flexible wall is bounded on either side by a
hydraulic flow path. The motion of the flexible wall is determined by solving the global
equations of motions for the masses representing the forced vibration of an undamped
beam.

Reactor Coolant Loop Mechanical Loads

The loop mechanical loads result from the release of normal operating forces present
in the pipe prior to the separation as well as transient hydraulic forces in the RCS. The
magnitudes of the loop release forces are determined by performing a reactor coolant
loop analysis for normal operating loads (pressure, thermal, and deadweight). The
load existing in the pipe at the postulated break location are calculated and are
"released" at the initiation of the LOCA transient by application of the loads to the
broken piping ends. These forces are applied with a ramp time of one millisecond
because of the assumed instantaneous break opening time.
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3.9.2.5.6

3.9-18

In order to obtain the response of reactor pressure vessel system
(vessel/internals/fuel), the LOCA horizontal and vertical forces obtained from the
LATFORC and FORCE-2 Codes, which were described earlier, together with the loop
mechanical loads are applied to the finite element system model shown in

Figure 3.9-3c. The transient response of the reactor internals consists of time history
nodal displacements and time history impact forces.

Seismic Analysis

The basic mathematical model for seismic analysis is essentially similar to the LOCA
model except for some minor differences. In LOCA model, as mentioned earlier, the
fluid-structure interactions are accounted though the MULTIFLEX Code; whereas in
the seismic model the fluid-structure interactions are included through the
hydrodynamic mass matrices in the down-comer region. Another difference between
the LOCA and seismic models is the difference in loop stiffness matrices. The seismic
model uses the unbroken loop stiffness matrix, whereas the LOCA model uses the
broken loop stiffness matrix. Except for these two differences, the reactor pressure
vessel system seismic model is identical to that of LOCA model.

The horizontal fluid-structure or hydroelastic interaction is significant in the cylindrical
fluid flow region between the core barrel and the reactor vessel annulus. Mass
matrices with off-diagonal terms (horizontal degrees-of-freedom only) attach between
nodes on the core barrel, thermal shield and the reactor vessel. The mass matrices
for the hydroelastic interactions of two concentric cylinders are developed using the
work of Reference [20]. The diagonal terms of the mass matrix are similar to the
lumping of water mass to the vessel shell, thermal shield, and core barrel. The off-
diagonal terms reflect the fact that all the water mass does not participate when there
is no relative motion of the vessel and core barrel. It should be pointed out that the
hydrodynamic mass matrix has no artificial virtual mass effect and is derived in a
straight forward, quantitative manner.

The matrices are a function of the properties of two cylinders with the fluid in the
cylindrical annulus, specifically, inside and outside radius of the annulus, density of the
fluid and length of the cylinders. Vertical segmentation of the reactor vessel and the
core barrel allows inclusion of radii variations along their heights and approximates the
effects of beam mode deformation. These mass matrices were inserted between the
selected nodes on the core barrel, thermal shield, and the reactor vessel. The seismic
evaluations are performed by including the effects of simultaneous application of time
history accelerations in three orthogonal directions. The WECAN computer code,
which is described earlier, is also used to obtain the response for the reactor pressure
vessel system under seismic excitations.

Results and Acceptance Criteria

The reactor internals behave as a highly nonlinear system during horizontal and
vertical oscillations of the LOCA forces. The nonlinearities are due to the coulomb
friction at the sliding surfaces and due to gaps between components causing
discontinuities in force transmission. The frequency response is consequently a
function not only of the exciting frequencies in the system but also of the amplitude.
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Different break conditions excite different frequencies in the system. This situation can
be seen clearly when the response under LOCA forces is compared with the seismic
response. Under seismic excitations, the system response is not as nonlinear as
LOCA response because various gaps do not close during the seismic excitations.

The results of the nonlinear LOCA and seismic dynamic analyses include the transient
displacements and impact loads for various elements of the mathematical model.
These displacements and impact loads, and the linear component loads (forces and
moments) are then used for detailed component evaluations to assess the structural
adequacy of the reactor vessel, reactor internals, and the fuel.

The stresses due to the Safe Shutdown Earthquake (SSE) are combined in the most
unfavorable manner with the LOCA stresses in order to obtain the largest principal
stresses and deflections. These results indicate that the maximum deflections and
stress in the critical structures are below the established allowable limits. For
transverse excitation of the core barrel, it is shown that the upper core barrel does not
buckle during hot leg break.

The results also show that the guide tubes will deform well within the limits established
experimentally to assure control rod insertion. Seismic deflections of the guide tubes
are generally negligible by comparison with the no loss of function limit.

Structural Adequacy of Reactor Internals Components

The reactor internal components of Watts Bar Unit 1 are not ASME Code components.
This is due to the fact that Sub-section NG of the ASME Boiler and Pressure Code
edition applicable to Watts Bar reactor internals did not include design criteria for the
reactor internals since its design preceded Subsection NG of the ASME Code.
However, these components were originally designed to meet the intent of the 1971
Edition of Section Il of the ASME Boiler and Pressure Vessel Code with addenda
through the Winter 1971. As noted previously, that with the acceptance of LBB by
NRC, the dynamic effects of the main reactor coolant loop piping are no longer
considered in the design basis analysis. Only the dynamic effects of the next most
limiting breaks of the auxiliary lines (accumulator line, pressurizer surge line, and RHR
lines) are to be considered.

It should be noted that LBB discussed in Section 3.6A.2.1.5 also refers to the
elimination of pressurizer surge line break from the design basis of Watts Bar Unit 1.
Therefore, LOCA response of Watts Bar Unit 1 was determined for the auxiliary line
breaks consisting of accumulator line and an RHR line. Consequently, the
components experience considerably less loads and deformations than those from the
main loop breaks which were considered in the original design of the reactor internals.

Allowable Deflection and Stability Criteria

The criterion for acceptability with regard to mechanical integrity analyses is that
adequate core cooling and core shutdown must be ensured. This implies that the
deformation of reactor internals must be sufficiently small so that the geometry remains
substantially intact. Consequently, the limitations established on the reactor internals
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are concerned principally with the maximum allowable deflections and stability of the
components.

For faulted conditions, deflections of critical reactor internal components are limited to
the values given in Table 3.9-5. In a hypothesized vertical displacement of internals,
energy-absorbing devices limit the displacement to 1.25 inches by contacting the
vessel bottom head.

Core Barrel Response Under Transverse Excitations

In general, there are two possible modes of dynamic response of the core barrel during
LOCA conditions:

(a) During a cold leg break the inside pressure of the core barrel is much
higher than the outside pressures, thus subjecting the core barrel to
outward deflections.

(b) During a hot leg break the pressure outside the core barrel is greater
than the inside pressure thereby subjecting the core barrel to
compressive loading.

Therefore, this condition requires the dynamic stability check of the core barrel during
a hot leg break.

(1) Toensure shutdown and cooldown of the core during cold leg blowdown, the
basic requirement is a limitation on the outward deflection of the barrel at the
locations of the inlet nozzles connected to unbroken lines. A large outward
deflection of the upper barrel in front of the inlet nozzles, accompanied with
permanent strains, could close the inlet area and restrict the cooling water
coming from the accumulators. Consequently, a permanent barrel deflection
in front of the unbroken inlet nozzles larger than a certain limit, called "no loss
of function" limit, could impair the efficiency of the ECCS.

(2) During the hot leg break, the rarefaction wave enters through the outlet
nozzle into the upper internals region and thus depressurizes the core and
then enters the down-comer annulus from the bottom exit of the core barrel.
This depressurization of the annulus region subjects the core barrel to
external pressures and this condition requires a stability check of the core
barrel during hot leg break. Therefore, to ensure rod insertion and to avoid
disturbing the control rod cluster guide structure, the barrel should not
interfere with the guide tubes.

Table 3.9-5 summarizes the allowable and no loss of function displacement limits of
the core barrel for both the cold leg and hot leg breaks postulated in the main line loop
piping. With the acceptance of LBB, the reactor internal components such as core
barrel will experience much less loads and deformations than those obtained from
main loop piping.
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Control Rod Cluster Guide Tubes

The deflection limits of the guide tubes which were established from the test data, and
for fuel assembly thimbles, cross-section distortion (to avoid interference between the
control rood and the guides) are given in Table 3.9-5

Upper Package

The local vertical deformation of the upper core plate, where a guide tube is located,
shall be below 0.100 inch. This deformation will cause the plate to contact the guide
tube since the clearance between the plate and the guide tube is 0.100 inch. This limit
will prevent the guide tubes from undergoing compression. For a plate local
deformation of 0.150 inch, the guide tube will be compressed and deformed
transversely to the upper limit previously established. Consequently, the value of
0.150 inch is adopted as the no loss function local deformation with an allowable limit
of 0.100 inch.

3.9.2.6 Correlations of Reactor Internals Vibration Tests With the Analytical
Results

The dynamic behavior of reactor components has been studied using experimental
data obtained from operating reactors along with results of model tests and static and
dynamic tests in the fabricators shops and at plant site. Extensive instrumentation
programs to measure vibration of reactor internals (including prototype units of various
reactors) have been carried out during preoperational flow tests, and reactor operation.

From scale model tests, information on stresses, displacements, flow distribution, and
fluctuating differential pressures is obtained. Studies have been performed to verify

the validity and determine the prediction accuracy of models for determining reactor

internals vibration due to flow excitation. Similarity laws were satisfied to assure that
the model response can be correlated to the real prototype behavior.

Vibration of structural parts during prototype plants preoperational tests is measured
using displacement gages, accelerometers, and strain transducers. The signals are
recorded with F.M. magnetic tape records. On site and offsite signal analysis is done
using both hybrid real time and digital techniques to determine the (approximate)
frequency and phase content. In some structural components the spectral content of
the signals include nearly discrete frequency or very narrow-band, usually due to
excitation by the main coolant pumps and other components that reflect the response
of the structure at a natural frequency to broad bands, mechanically and/or
flow-induced excitation. Damping factors are also obtained from wave analyses.

It is known from the theory of shells that the normal modes of a cylindrical shell can be
expressed as sine and cosine combinations with indices m and n indicating the number
of axial half waves and circumferential waves, respectively. The shape of each mode
and the corresponding natural frequencies are functions of the numbers m and n. The
general expression for the radial displacement of a simply supported shell is:
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The shell vibration at a natural frequency depends on the boundary conditions at the
ends. The effect of the ends is negligible for long shells or for higher order m modes,
and long shells have the lowest frequency for n = 2 (elliptical mode). For short shells,
the effects of the ends are more important, and the shell will tend to vibrate in modes
corresponding to values of n > 2.

In general, studies of the dynamic behavior of components follow two parallel
procedures: 1) obtain frequencies and spring constants analytically, and 2) confirm
these values from the results of the tests. Damping coefficients are established
experimentally. Once these factors are established, the response can be computed
analytically. In parallel, the responses of important reactor structures are measured
during preoperational reactor tests and the frequencies and mode shapes of the
structures are obtained.

Theoretical and experimental studies have provided information on the added
apparent mass of the water, which has the effect of decreasing the natural frequency
of the component. For both cases, cross and parallel, the response is obtained after
the forcing function and the damping of the system is determined.

Pre- and post-hot functional inspection results, in the case of plants similar to
prototypes, serve to confirm predictions that the internals are well behaved. Any gross
motion or undue wear would be evident following the application of approximately 107
cycles of vibration expected during the test period.

3.9.3 ASME Code Class 1, 2 and 3 Components, Component Supports and Core

Support Structures

3.9.3.1 Loading Combinations, Design Transients, and Stress Limits

3.9.3.1.1 Subsystems and Components Supplied by Westinghouse

3.9-22

Design transients are presented in Section 5.2.1.5.

For ASME Code Class 1 components, systems, and supports, loading conditions are
presented in Section 5.2.1.10.1, and stress criteria are provided in Section 5.2.1.10.7.
Additional information concerning methods of analysis is presented throughout Section
5.2.1.10. Results of analyses are documented in the stress reports that describe the
system or components.

For core support structures, design loading conditions are given in Section 4.2.2.3.
Design loading conditions are discussed in Section 4.2.2.4.

In general, for reactor internals components and for core support structures, the criteria
for acceptability, with regard to mechanical integrity analyses, are that adequate core
cooling and core shutdown must be assured. This implies that the deformation of the
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reactor internals must be sufficiently small so that the geometry remains substantially
intact. Consequently, the limitations established on the internals are concerned
principally with the maximum allowable deflections and stability of the parts, in addition
to a stress criterion to assure integrity of the components.

For the LOCA plus the SSE condition, deflections of critical internal structures are
limited. In a hypothesized downward vertical displacement of the internals, energy
absorbing devices limit the displacement after contacting the vessel bottom head,
ensuring that the geometry of the core remains intact.

The following mechanical functional performance criteria apply:

(1) Following the design basis accident, the functional criterion to be met for the
reactor internals was that the plant shall be shutdown and cooled in an
orderly fashion so that fuel cladding temperature was kept within specified
limits. This criterion implies that the deformation of critical components must
be kept sufficiently small to allow core cooling.

(2) Forlarge breaks, the reduction in water density greatly reduces the reactivity
of the core, thereby shutting down the core whether the rods are tripped or
not. The subsequent refilling of the core by the emergency core cooling
system uses borated water to maintain the core in a subcritical state.
Therefore, the main requirement was to assure effectiveness of the
emergency core cooling system. Insertion of the control rods, although not
needed, gives further assurance of ability to shut the plant down and keep it
in a safe shutdown condition.

(3) The inward upper barrel deflections are controlled to ensure no contacting of
the nearest rod cluster control guide tube. The outward upper barrel
deflections are controlled in order to maintain an adequate annulus for the
coolant between the vessel inner diameter and core barrel outer diameter.

(4) The rod cluster control guide tube deflections are limited to ensure operability
of the control rods.

(5) To ensure no column loading of rod cluster control guide tubes, the upper
core plate deflection is limited.

Methods of analysis and testing for core support structures are discussed in Sections
3.9.1.3,3.9.1.4.1,3.9.2.3,3.9.2.5, and 3.9.2.6. Stress limits and deformation criteria
are given in Sections 4.2.2.4 and 4.2.2.5.

3.9.3.1.1.1 Plant Conditions and Design Loading Combinations For ASME Code
Class 2 and 3 Components Supplied by Westinghouse

Design pressure, temperature, and other loading conditions that provide the bases for
design of fluid systems Code Class 2 and 3 components are presented in the sections
which describe the systems.
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3.9.3.1.1.2 Design Loading Combinations by Westinghouse

The design loading combinations for ASME Code Class 2 and 3 equipment and
supports are given in Table 3.9-1. The design loading combinations are categorized
with respect to Normal, Upset, Emergency, and Faulted Conditions.

Stress limits for each of the loading combinations are equipment oriented and are
presented in Tables 3.9-2, 3.9-3, 3.9-4, and 3.9-6 for tanks, inactive pumps, valves,
and active pumps, respectively. The definition of the stress equations and limits are in
accordance with the ASME Code as follows:

(a) Fortanks and all other equipment, Section Il of the ASME Code, 1971
Edition through Summer 1973 Addenda, Code Cases 1607-1, 1635-1,
1636-1 and 1657 were utilized to establish stress limits for Normal,
Upset, Emergency, and Faulted Conditions.

(b) Equipment was provided in accordance with the Code Edition and
Addenda in effect on the date of the contract.

For the actual numerical values of the allowables for specific equipment, the ASME
Code Edition applicable to the time period of equipment procurement as specified on
the procurement documents was used for the qualification.

Active (Active components are those whose operability is relied upon to perform a
safety function (as well as reactor shutdown function) during the transients or events
considered in the respective operating condition categories) pumps and valves are
discussed in Section 3.9.3.2. The equipment supports were designed in accordance
with the requirements specified in Section 3.9.3.4.

3.9.3.1.1.3 Design Stress Limits By Westinghouse

The design stress limits established for equipment are sufficiently low to assure that
violation of the pressure retaining boundary will not occur. These limits, for each of the
loading combinations, are equipment oriented and are presented in Tables 3.9-2
through 3.9-4, and 3.9-6. See Section 3.9.3.1.1.2 for discussion of applicable code
editions.

3.9.3.1.2 Subsystems and Components Analyzed or Specified by TVA

3.9-24

(A) ASME Code Class 1, 2, and 3 Piping.

The analytic procedures and modeling of piping systems are discussed in
Sections 3.7.3.8 and 3.7.3.3*. Asdiscussed in Section 3.7.3.8.1 the TVA analysis
effort has been categorized into two approaches: Rigorous and Alternate. The
loading sources, conditions, and stress limits are described below for each
category and the results are summarized for each.
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* Generated reactor coolant loop response spectra curves and movements
enveloping the Set B + Set C curves are used for the analysis or reanalysis of
auxiliary piping systems attached to the reactor coolant loops. The ASME Code
Case N-411 or Regulatory Guide 1.61 damping values can be used when Set B
+ Set C spectra are considered.

(1) Loading Conditions, Stress Limits and Requirements for Rigorous Analysis

(a)

(b)

(c)

(d)

(e)

(7

(9)

(h)

(i)

The loading sources considered in the rigorous analysis of a piping
system are defined in Table 3.9-7.

The piping was analyzed to the requirements of applicable codes as
defined in Section 3.7.3.8.1.

The design load combinations are categorized with respect to Normal,
Upset, Emergency, and Faulted Conditions. Class 1 piping was
analyzed using the limits established in Table 3.9-8 for all applicable
loading conditions. The pressurizer surge line was also evaluated for
the thermal stratification and thermal striping in response to the NRC
Bulletin 88-11. Other rigorously analyzed piping meets the limits
established in Table 3.9-9 for all applicable loading conditions.

Consideration was given to the sequence of events in establishing
which load sources are taken as acting concurrently.

Equipment nozzle loads are within vendor and/or TVA allowable values.
This ensures that functionality and 'Active' equipment operability
requirements are met.

All equipment (i.e., valves, pumps, bellows, flanges, strainers, etc.) was
checked to ensure compliance with vendor limitations.

The pipe/valve interface at each active valve was evaluated and the
pipe stresses are limited to the levels indicated in Table 3.9-10 unless
higher limits are technically justified on a case-by-case basis.

Documentation of rupture stress was provided for the locations in the
system being analyzed where the stress exceeds the limits for which
pipe rupture postulation was required (See Section 3.6). The tabulation
identifies the point and tabulates the stress for each point exceeding the
limits.

Valves with extended operators or structures (including handwheels)
meet the dynamic plus gravitational acceleration limits of 3g along the
stem axis and 3g (vectorial summation) in the plane perpendicular to
the valve stem axis. For 1-inch and smaller valves with handwheels,
the dynamic plus gravitational acceleration limit is 3g in each of the
three global (or local) directions. These limits apply to any valve
orientation and must be maintained during piping analysis.
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()
(k)

For steel body check valves (which have no external operators or
structures) the limit for dynamic plus gravitational acceleration was 10g
(vectorial summation of all three orthogonal directions).

The valves as a minimum are qualified to the acceleration limits
specified above. Higher accelerations are approved based on case-by-
case technical justification.

Excessive pipe deformation was avoided.

Welded attachment loads and stresses for TVA Class 1 piping were
evaluated in accordance with ASME Code Cases N-122 and N-391.

For Class 2 and 3 piping, loads and stresses from welded attachments
were evaluated in accordance with ASME Code Cases N-318 and N-
392.

Special cases of other welded attachments were evaluated by detailed
finite element analysis or other applicable methods to assure that
ASME Code stress allowables were met.

The attachment welds are full penetration, partial penetration, or fillet
welded as detailed on the support drawings. Attachments are used
generally on all piping systems, and locations can be determined from
the support drawings.

(2) Loading Conditions and Stress Limits for Alternate Analysis

(@)

(b)

(c)

The scope of the alternate analysis application is generally limited to
systems having the following load sources: self-weight, internal
pressure, seismic event, end point displacement, and limited thermal
expansion. (Other load sources may be considered for special cases.)

The design load combinations are categorized with respect to Normal,
Upset, Emergency, and Faulted Conditions. The criteria are developed
to meet the stress limits given in Table 3.9-9 considering the applicable
load sources.

The general limitations imposed on the piping by the application of the
Alternate Analysis method are discussed in Section 3.7.3.8.3. For
ASME Category | piping designed by alternate analysis, the same
levels of valve acceleration and interface/nozzle load requirements of
Section 3.9.3.1.2.A shall be maintained. Non-ASME, Category I(L)
piping designed by alternate analysis is described in Sections 3.7.3.8.3
and 3.2.1.
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(3) Considerations for the Faulted Condition

Tables 3.9-8 through 3.9-10 identify the load sources and allowed stresses
associated with the faulted condition. The stress limits used are those limits
established in ASME Section lll for the faulted condition.

The feedwater system inside containment, from the check valves to the
steam generators including the piping components are evaluated for
pressure boundary integrity to withstand the postulated water hammer event
due to the feedwater check valve slam following pipe rupture at the main
header (Turbine Building) using the ASME Section 11l Appendix F (1980
Edition through Winter 1982 Addenda) rules and limits.

The four main feedwater check valves were evaluated for structural integrity
following the feedwater pipe rupture. Energy equivalence methods, in
conjunction with nonlinear finite element and linear hand analyses, were
used. The evaluations demonstrated that deformations in three of the four
valves are within acceptable strain levels following the slam. With the
assumption that the fourth valve is not functional, the transient effects of the
resulting one steam generator blowdown are bounded by the "Major Rupture
of a Main Feedwater Pipe inside containment" per Section 15.4.2.2.

Note that during the rigorous analysis phase of most piping systems, the
postulated break locations are unknown and the jet impingement loads are
unavailable and thus not included in the evaluation of the faulted condition.
However, where it was determined by the guidelines of Section 3.6 that jet
impingement must be evaluated, the effect of the loads on pipe stress was
evaluated during the pipe rupture analysis.

(4) Summary of Results - Rigorous Analysis of Class 1 and Class 2/3 Piping
Performed by TVA

The results of the piping system analyses performed in accordance with the
above paragraphs are presented and consolidated in a calculations with the
following documentation:

(a) Certification Report for ASME Code Class 1 Analyses.
(b) Owner's review for ASME Code Class 1 Analyses.

(c) Statement of Compliance with code requirements for ASME Code
Class 2/3 Analyses.

(d) Problem revision status form - for maintaining the traceability of revision
performed on analysis, and correlating various forms affected by each
revision.

(e) Piping input data for recording all physical data used in the analysis.
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(f)

(9)

()

(i)
()

Table of system operating modes - for identifying the various thermal
conditions required and included in analysis.

Stress summary - for summarizing the maximum stresses for various
loading combinations.

Equipment nozzle load qualification to demonstrate satisfaction of
limits.

Valve acceleration qualification to demonstrate satisfaction of limits.

Summary of loads and movements at pipe supports.

A record copy of these problem calculations is maintained at TVA and is available for
review upon request.

(B) Category | ASME Code Class 2 and 3 Mechanical Equipment

(1) Plant Conditions and Design Loading Combinations

Design pressure, temperature, and other loading conditions that provide the
bases for design of fluid systems Code Class 2 and 3 components are
presented in the sections which describe the systems.

(2) Design Loading Combinations

The design loading combinations for ASME Code Class 2 and 3 equipment
and supports are given in Table 3.9-13B. The design loading combinations
are categorized with respect to Normal, Upset, Emergency and Faulted
Conditions.

Stress limits for each of the loading combinations are equipment oriented and are
presented in Tables 3.9-14, 3.9-15 and 3.9-16 for tanks, inactive* pumps, and inactive*
valves respectively. The definition of the stress equations and limits are in accordance
with the ASME Code as follows (* Inactive components are those whose operability are
not relied upon to perform a safety function during the transients or events considered
in the respective operating condition category):

(a)

(b)

For tanks and all other equipment, Section Ill of the ASME Code, 1971
Edition through Summer 1973 Addenda, Code Cases 1607-1, 1635-1,
1636-1 and 1657 were utilized to establish stress limits for Normal,
Upset, Emergency, and Faulted conditions.

Equipment was provided in accordance with the Code Edition and
Addenda in effect on the date of the award of contract.
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For the actual numerical values of the allowables for specific equipment, the
ASME Code Edition applicable to the time period of equipment procurement
as specified on the procurement documents was used for the qualification.

Active* pumps and valves are discussed in Section 3.9.3.2.1. The vendor
supplied equipment/component supports stress levels are limited to the
allowable stress of AISC or ASME Section Il subsection NF or other
comparable stress limits as delineated in the applicable design specification.
Section 3.8.4 describes the allowable stresses used for TVA-designed
equipment/component supports.

The design stress limits established for the components are sufficiently low
to assure that violation of the pressure retaining boundary will not occur.
These limits, for each of the loading combinations, are component oriented
and are presented in Tables 3.9-14 through 3.9-16.

3.9.3.2 Pumps and Valve Operability Assurance
3.9.3.2.1 Active* ASME Class 1, 2, & 3 Pumps and Valves

*Active components are those whose operability is relied upon to perform a safety
function (as well as reactor shutdown function) during the transients or events
considered in the respective operating condition categories.

The list of active valves for primary fluid (i.e., water and steam containing components)
systems in the Westinghouse scope of supply is presented in Table 3.9-17. The list of
active pumps supplied by Westinghouse is presented in Table 3.9-28. The list of
pumps and valves for fluid systems within TVA scope of supply are presented in Tables
3.9-25 and 3.9-27. Only ASME Section Ill pumps and valves that were purchased after
September 1, 1974, were considered to be within the scope of WBN compliance with
Regulatory Guide 1.48. These pumps and valves meet the special design
requirements verifying operability as specified in Regulatory Guide 1.48. The
remaining components in Tables 3.9-17, 3.9-25, 3.9-27, and 3.9-28 meet the
appropriate qualification requirements in accordance with the guidelines of IEEE 344-
1971 and consistent with the ASME Code applicable at the time of the contract date
for procuring the component. These qualifications provide an adequate level of
operability assurance for all active pumps and valves.

The following rules were used to identify active pumps and valves:

(1) Only FSAR Chapter 15 Design Basis Events (DBE's) were assumed. These
DBE's were studied to identify the active pumps and valves required to
mitigate the DBE and place the plant in a safe shutdown condition.

(2) Reactor Coolant Pressure Boundary (RCPB) - Valves that are a part of the
RCPB [defined by 10 CFR Section 50.2(v)] and require movement to isolate
the RCS were identified as active.
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(3) Containment Isolation - Containment isolation valves that require movement
to isolate the containment were identified as active.

(4) Check Valves - Any check valve required to close or cycle when performing
its system safety function was identified as active.

Any check valve that was only required to open in the performance of its
system safety function was not identified as active. This position was justified
by: (a) the free-swinging nature of the valves and (b) the normal stress over-
design of the valve body.

(5) Achieve and Maintain a Safe Shutdown Condition - The minimum redundant
complement of equipment required to achieve and maintain safe shutdown
was selected.

3.9.3.2.2 Operability Assurance

3.9.3.2.2.1 Westinghouse Scope of Supply

3.9-30

Mechanical equipment classified as safety-related must be shown capable of
performing its function during the life of the plant under postulated plant conditions.
Equipment with faulted condition functional requirements include 'active' pumps and
valves in fluid systems such as the residual heat removal system, safety injection
system, and the containment spray system. Seismic analysis is presented in Section
3.7 and covers all safety-related mechanical equipment.

Operability is assured by satisfying the requirements of the programs specified below.
Additionally, equipment specifications include requirements for operability under the
specified plant conditions and define appropriate acceptance criteria to ensure that the
program requirements defined below are satisfied.

Pump and Valve Qualification for Operability Program

Active pumps are qualified for operability by first, being subjected to rigid tests both
prior to installation in the plant and after installation in the plant. The in-shop tests
include: 1) hydrostatic tests of pressure retaining parts to 150 percent times the design
pressure times the ratio of material allowable stress at room temperature to the
allowable stress value at the design temperature, 2) seal leakage tests, and 3)
performance tests to determine total developed head, minimum and maximum head,
net positive suction head (NPSH) requirements and other pump parameters. Also
monitored during these operating tests are bearing temperatures and vibration levels.
Bearing temperature limits are determined by the manufacturer, based on the bearing
material, clearances, oil type, and rotational speed. These limits are approved by
Westinghouse. Vibration limits are also determined by the manufacturer and are
approved by Westinghouse. After the pump is installed in the plant, it undergoes the
cold hydro-tests, hot functional test, and the required periodic inservice inspection and
operation. These tests demonstrate that the pump will function as required during all
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normal operating conditions for the design life of the plant. In addition to these tests,
the safety-related active pumps, are qualified for operability by assuring that the pump
will start up, continue operating, and not be damaged during the faulted condition.

The pump manufacturer was required to show by analysis correlated by test, prototype
tests or existing documented data that the pump will perform its safety function when
subjected to loads imposed by the maximum seismic accelerations and the maximum
faulted nozzle loads. It was required that test or dynamic analysis be used to show that
the lowest natural frequency of the pump is greater than 33 Hz. The pump, when
having a natural frequency above 33 Hz, is considered essentially rigid. This
frequency is sufficiently high to avoid problems with amplification between the
component and structure for all seismic areas. A static shaft deflection analysis of the
rotor was performed with the conservative SSE accelerations of 3g horizontal and 2g
vertical acting simultaneously. The deflections determined from the static shaft
analysis were compared to the allowable rotor clearances. The nature of seismic
disturbances dictates that the maximum contact will be of short duration. If rubbing or
impact is predicted, it is required that it be shown by prototype tests or existing
documented data that the pump will not be damaged or cease to perform its design
function. The effect of impacting on the operation of the pump was evaluated by
analysis or by comparison of the impacting surfaces of the pump to similar surfaces of
pumps which had been tested.

In order to avoid damage during the faulted plant condition, the stresses caused by the
combination of normal operating loads, SSE, dynamic system loads are limited to the
limits indicated in Table 3.9-6. In addition, the pump casing stresses caused by the
maximum faulted nozzle loads are limited to the stresses outlined in Table 3.9-6.

The changes in operating rotor clearances caused by casing distortions due to these
nozzle loads were considered. The maximum seismic nozzle loads combined with the
loads imposed by the seismic accelerations were considered in an analysis of the
pump supports. Furthermore, the calculated misalignment was shown to be less than
that misalignment which could cause pump misoperation. The stresses in the supports
are below those in Table 3.9-6; therefore, the support distortion is elastic and of short
duration (equal to the duration of the seismic event).

Performing these analyses with the conservative loads stated and with the restrictive
stress limits of Table 3.9-6 as allowables, assure that critical parts of the pump are not
damaged during the short duration of the faulted condition and that, therefore, the
reliability of the pump for post-faulted condition operation is notimpaired by the seismic
event.

If the natural frequency was found to be below 33 Hz, an analysis was performed to
determine the amplified input accelerations necessary to perform the static analysis.
The adjusted accelerations were determined using the same conservatisms contained
in the 3g horizontal and 2g vertical accelerations used for 'rigid' structures. The static
analysis was performed using the adjusted accelerations; the stress limits stated in
Table 3.9-6 were satisfied.
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To complete the seismic qualification procedures, the pump motor was qualified for
operation during the maximum seismic event. Any auxiliary equipment identified to be
vital to the operation of the pump or pump motor, and which is not proven adequate for
operation by the pump or motor qualifications, was separately qualified by meeting the
requirements of IEEE Standard 344-1971 or -1975, as applicable, with the additional
requirements and justifications outlined in this section.

The program above gives the required assurance that the safety-related pump/motor
assemblies will not be damaged and will continue operating under SSE loadings, and,
therefore, will perform their intended functions. These proposed requirements take
into account the complex characteristics of the pump and are sufficient to demonstrate
and assure the seismic operability of the active pumps.

Since the pump is not damaged during the faulted condition, the functional ability of
active pumps after the faulted condition is assured since only normal operating loads
and steady state nozzle loads exist. Since itis demonstrated that the pumps would not
be damaged during the faulted condition, the post-faulted condition operating loads will
be identical to the normal plant operating loads. This is assured by requiring that the
imposed nozzle loads (steady-state loads) for normal conditions and post-faulted
conditions are limited by the magnitudes of the normal condition nozzle loads. The
post-faulted condition ability of the pumps to function under these applied loads is
proven during the normal operating plant conditions for active pumps.

Safety-related active valves must perform their mechanical motion at times of an
accident. Assurance was supplied that these valves will operate during a seismic
event. Tests and analyses were conducted to qualify active valves.

The safety-related active valves were subjected to a series of stringent tests prior to
service and during the plant life. Prior to installation, the following tests were
performed: shell hydrostatic testto ASME Section Il requirements, backseat and main
seat leakage tests, disc hydrostatic test, and operational tests to verify that the valve
will open and close.

For the active valves qualification of electric motor operators for the environmental
conditions (i.e., aging, radiation, accident environment simulation, etc.) refer to Section
3.11 and Regulatory Guide 1.73. Cold hydro tests, hot functional qualifications tests,
periodic inservice inspections, and periodic inservice operations are performed in-situ
to verify and assure the functional ability of the valve. These tests guarantee reliability
of the valve for the design life of the plant. The valves are constructed in accordance
with the ASME Boiler and Pressure Vessel Code, Section lll.

On all active valves, an analysis of the extended structure was performed for static
equivalent seismic SSE loads applied at the center of gravity of the extended structure.
The stress limits allowed in these analyses show structural integrity. The limits used
for active Class 2 and 3 valves are shown in Table 3.9-4.

In addition to these tests and analyses, a representative electric motor operated valve
was tested for verification of operability during a simulated plant faulted condition event
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by demonstrating operational capabilities within the specified limits. The testing
procedures are described below.

The valve was mounted in a manner which represents typical valve installations. The
valve include operator and limit switches if such are normally attached to the valve in
service. The faulted condition nozzle loads were considered in the test in either of two
ways: 1) loads equivalent to the faulted condition nozzle loads were limited such that
the operability of the valve was not affected.

The operability of the valve during a faulted condition was demonstrated by satisfying
the following criteria:

(1) All the active valves were designed to have a first natural frequency which is
greater than 33 Hz, if it was practical to do so. If the lowest natural frequency
of an active valve was less than 33 Hz, then the valve's mathematical model
was included in the piping dynamic analysis, so as to assure the calculated
valve acceleration does not exceed the values used in the static tests of the
manufacturer's qualification program and to reflect the proper valve dynamic
behavior.

(2) The actuator and yoke of the representative motor operated valve system
was statically deflected using an equivalent static load that simulates those
conditions applied to the valve under faulted condition accelerations applied
at the center of gravity of the operator alone in the direction of the weakest
axis of the yoke. The design pressure of the valve was simultaneously
applied to the valve during the static deflection tests.

(3) The valve was cycled while in the deflected position. The time required to
open or close the valve in the defected position was compared to similar data
taken in the undeflected condition to evaluate the significance of any change.

The accelerations used for the static valve qualification were 3g horizontal and 2g
vertical with the valve yoke axis vertical. The piping designer maintained the operator
accelerations to these levels unless higher limits were technically justified on a case-
by-case basis.

The testing was conducted on the valves with extended structures which are most
affected by acceleration, according to mass, length and cross-section of extended
structures. Valve sizes which cover the range of sizes in service were qualified by the
tests and the results are used to qualify all valves within the intermediate range of
sizes.

Valves which are safety-related but can be classified as not having an extended

structure, such as check valves and safety valves, were considered separately. Check
valves are characteristically simple in design and their operation will not be affected by
seismic accelerations or the applied nozzle loads. The check valve design is compact
and there are no extended structures or masses whose motion could cause distortions
which could restrict operation of the valve. The nozzle loads due to seismic excitation
will not affect the functional ability of the valve since the valve disc is typically designed
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to be isolated from the body wall. The clearance supplied by the design around the
disc will prevent the disc from becoming bound or restricted due to any body distortions
caused by nozzle loads. Therefore, the design of these valves is such that once the
structural integrity of the valve is assured using standard design or analysis methods,
the ability of the valve to operate is assured by the design features. In addition to these
design considerations, the valve was subjected to the following tests and analysis: 1)
in-shop hydrostatic test, 2) in-shop seat leakage test, and 3) periodic in-situ valve
exercising and inspection to assure the functional ability of the valve.

The pressurizer safety valves were qualified by the following procedures (these valves
are also subjected to tests and analysis similar to check valves): stress and
deformation analyses of critical items which may affect operability for faulted condition
loads, in-shop hydrostatic and seat leakage tests, and periodic in-situ valve inspection.
In addition to these tests, a static load equivalent to that applied by the faulted condition
will be applied at the top of the bonnet and the pressure was increased until the valve
mechanism actuates. Successful actuation within the design requirements of the valve
assure its overpressurization safety capabilities during a seismic event.

Using these methods, active valves were qualified for operability during a faulted
event. These methods conservatively simulate the seismic event and assure that the
active valves will perform their safety-related function when necessary. The above
testing program for valves is conservative. Alternate valve operability testing, such as
dynamic vibration testing, is allowed if it is shown to adequately assure the faulted
condition functional ability of the valve system.

Pump Motor and Valve Operator Qualification

Active pump motors (and vital pump appurtenances) and active valve electric motor
operators (and limit switches and pilot solenoid valves), were seismically qualified by
meeting the requirements of IEEE Standard 344-1971 or 1975, as applicable. If the
testing option is chosen, sine-beat testing was justified. This justification was provided
by satisfying one or more of the following requirements to demonstrate that
multifrequency response is negligible or the sine-beat input is of sufficient magnitude
to conservatively account for this effect.

(1) The equipment response is basically due to one mode.

(2) The sine-beat response spectra envelopes the floor response spectra in the
region of significant response.

(3) The floor response spectra consists of one dominant mode and has a peak
at this frequency.

If the degree of coupling in the equipment is small, then single axis testing may have
been justified justified. Multi-axis testing was required if there is considerable cross
coupling; however, if the degree of coupling can be determined, then single axis testing
will be used with the input sufficiently increased to include the effect of coupling on the
response of the equipment.
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Seismic qualification by analysis alone, or by a combination of analysis and testing,
has been used when justified. The analysis program can be justified by:

1) demonstrating that equipment being qualified is amendable to analysis, and 2) that
the analysis be correlated with test or be performed using standard analysis
techniques.

3.9.3.2.2.2 TVA Scope of Supply

TVA used the following criteria to prescribe a suitable program to assure the functional
adequacy of active Category | fluid system components (pumps and valves) under
combined loading conditions. These criteria supplement or amend previously stated
requirements for fluid system components in those cases where the components are
judged to be active (i.e., if they perform a required mechanical motion during the
course of accomplishing a safety function). These criteria assure that all active seismic
Category | fluid system components will maintain structural integrity and perform their
safety functions under loadings, including seismic, associated with normal, upset, and
faulted conditions. These criteria are similar to the accepted response to NRC Position
for the TVA's Bellefonte Nuclear Plant units 1 and 2 concerning compliance with the
requirements of Regulatory Guide 1.48. The exception is that the seismic qualification
for Watts Bar is for a 2-dimensional earthquake, while for Bellefonte it is for a
3-dimension earthquake.

3.9.3.2.3 Criteria For Assuring Functional Adequacy of Active Seismic Category |
Fluid System Components (Pumps and Valves) and Associated
Essential Auxiliary Equipment

(1) The seismic design adequacy of Category | electrical power and control
equipment and instrumentation directly associated with the active Category |
pumps and valves is assured by seismically qualifying the components by
analysis and/or testing in accordance with the requirements of IEEE
Standard 344 (for applicable edition, refer to Section 3.9.2.2).

(2) When either analysis or testing is used to demonstrate the seismic design
adequacy of Category | components, the characteristics of the required input
motion is specified by either response spectra, power spectral density
function or time history data derived from the structure or system seismic
analysis. When the testing method is used, random vibration input motion
shall be used, but single frequency input, such as sine beats, may be used
provided that:

(a) The characteristics of the required input motion indicate that the motion
is dominated by one frequency.

(b) The anticipated response of equipment is adequately represented by
one mode.

(c) The input has sufficient intensity and duration to excite all modes to the
required magnitude, such that the testing response spectra will envelop
the corresponding response spectra of the individual modes.
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For equipment with more than one dominant frequency and for equipment supported
near the base of the structure where some random components of the earthquake may
remain, single frequency testing may still be applicable provided that the input has
sufficient intensity and duration to excite all modes to the required magnitude, such that
the testing response spectra will envelop the corresponding response spectra of the
individual modes. When equipment responses along one direction are sensitive to the
vibration frequencies along another perpendicular direction, in the case of single
frequency testing, the time phasing of the inputs in the vertical and horizontal directions
is such that a purely rectilinear resultant output is avoided.

In both the testing and analysis procedure, the possible amplified design loads for
vendor supplied equipment is considered as follows:

(a) If supports were tested, they were tested with the actual components
mounted and operating or if the components are inoperative during the
support test, the response at the equipment mounting locations were
monitored and components were tested separately and the actual input
to the equipment was more conservative in amplitude and frequency
content than the monitored responses.

(b) The support analysis includes the component loads. Seismic restraints
were used as applicable with their adequacy verified by either testing or
analysis as described above.

(3) Active Category | pumps were subjected to tests both prior to installation in
the plant and after installation in the plant. The in-shop tests include (a)
hydrostatic tests of pressure-retaining parts, (b) seal leakage tests, and (c)
performance tests, while the pump is operated with flow, to determine total
developed head, minimum and maximum head, net positive suction head
(NPSH) requirements and other pump/motor parameters. Bearing
temperatures and vibration levels were monitored during these operating
tests. Both were shown to be below appropriate limits specified to the
manufacturer for design of the pump. After the pump was installed in the
plant, it was subjected to cold hydro tests, or operational tests, hot functional
tests, and the required periodic in-service inspection and operation.

(4) Active Category | pumps were analyzed to show that the pump will operate
normally when subjected to the maximum seismic accelerations and
maximum seismic nozzle loads. Tests or dynamic analysis show that the
lowest natural frequency of the pump is above 33 Hz, and thus considered
essentially rigid. A static shaft deflection analysis of the rotor was performed
with the conservative seismic accelerations of 1.5 times the applicable plant
floor response spectra. The deflections determined from the static shaft
analysis were compared to the allowable rotor clearances. Stresses caused
by the combination of normal operating loads, seismic, and dynamic system
loads were limited to the material elastic limit, as indicated in Table 3.9-18.
The primary membrane stress (P,,,) for the faulted conditions loads were
limited to 1.2S;,, or approximately 0.75 S (S = vyield stress). The primary
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membrane stress plus the primary bending stress (Pp) was limited to 1.8S;,,
or approximately 1.1S. In addition, the pump nozzle stresses caused by the
maximum seismic nozzle loads were limited to stresses outlined in Table
3.9-18. The maximum seismic nozzle loads were considered in an analysis
of the pump supports to assure that a system misalignment cannot occur.

If the natural frequency is found to be below 33 Hz, then analyses are
performed to determine the amplified input accelerations necessary to
perform the static analysis. The adjusted accelerations were determined
using the same conservatism contained in the accelerations used for "rigid"
structures. The static analysis is performed using the adjusted accelerations;
the stress limits stated in Table 3.9-18 were satisfied.

(5) Each type of active Category | pump motor is independently qualified for
operating during the maximum seismic event. Any appurtenances which are
identified to be vital to the operation of the pump or pump motor and which
are not qualified for operation during the pump analysis or motor
qualifications, shall also be separately qualified for operation at the
accelerations each would see at its mounting. The pump motor and vital
appurtenances are qualified by meeting the requirements of IEEE Standard
344- 1971 or 1975 edition, depending on the procurement date (see Section
3.9.2.2.). If the testing option was chosen, sine-beat testing was justified by
satisfying one or more of the following requirements to demonstrate that
multifrequency response is negligible or the sine-beat input is of sufficient
magnitude to conservatively account for this effect.

(a) The equipment response is basically due to one mode.

(b) The sine-beat response spectra envelops the floor response spectra in
the region of significant response.

(c) The floor response spectra consists of one dominant mode and have a
peak at this frequency. The degree of mass or stiffness coupling in the
equipment will, in general, determine if a single or multi-axis test is
required. Multi-axis testing is required if there is considerable cross
coupling. If coupling is very light, then single axis testing is justified; or,
if the degree of coupling can be determined, then single axis testing was
used with the input sufficiently increased to include the effect of
coupling on the response of the equipment.

(6) The post-faulted condition operating loads for active Category | pumps was
considered identical to the normal plant operating loads. This is assured by
requiring that the imposed nozzle loads (steady-state loads) for normal
conditions and post-faulted conditions be limited by the magnitudes of the
normal condition nozzle loads. Thus, the post-faulted condition ability of the
pumps to function under these applied loads was proven during the normal
operating plant conditions.

MECHANICAL SYSTEMS AND COMPONENTS 3.9-37



WATTS BAR

WBNP-103

3.9-38

(7)

(8)

9)

Active Category | valves, except check valves, were subjected to a series of
stringent tests prior to installation and after installation in the plant. Prior to
installation, the following tests were performed: (a) shell hydrostatic test, (b)
backseat and main seat leakage tests, (c) disc hydrostatic test, (d) functional
tests to verify that the valve will operate within the specified time limits when
subjected to the design differential pressure prior to operating, and (e)
operability qualification of motor and air operator control valves for the
conditions over their installed life (i.e., aging, radiation, accident environment
simulation, etc.) in accordance with the requirements of IEEE Standard 382
(see Section 3.11). Cold hydro qualification tests, preoperational tests, hot
functional qualification tests, periodic inservice inspections, and periodic
inservice operation were performed after installation to verify and assure
functional ability of the valves. To the extent practicable, functional tests are
performed after installation to verify that the valve will open and/or close in a
time consistent with required safety functions.

Active Category | valves are designed using either stress analyses or the
pressure containing minimum wall thickness requirements. An analysis of
the extended structure is performed for static equivalent seismic loads
applied at the center of gravity of the extended structure. The maximum
stress limits allowed in these analyses confirms structural integrity and were
the limits developed and accepted by the ASME for the particular ASME class
of valve analyzed. The stress limits used for active Class 2 and 3 valves are
given in Table 3.9-19. Class 1 valves were designed according to the rules
of the ASME Boiler and Pressure Vessel Code, Section IlI, NB-3500.

Representative active Category | valves of each design type with
overhanging structures (i.e., motor or pneumatic operator) were tested for
verification of operability during a simulated seismic event by demonstrating
operational capabilities within specified limits. The testing is conducted on a
representative number of valves. Valves from each of the primary
safety-related design types (e.g., motor- operated gate valves) were tested.
Valve sizes which cover the range of sizes in service were qualified by the
tests and the results were used to qualify all valves within the intermediate
range of sizes. Stress and deformation analyses are used to support the
interpolation.

The valve was mounted in a manner which is conservatively representative
of a typical plant installation. The valve includes the operator and all
appurtenances normally attached to the valve in service. The operability of
the valve during a seismic event was verified by satisfying the following
requirements:

(a) All active valves are designed to have a first natural frequency which is
greater than 33 Hz if practical to do so. This may be shown by suitable
test or analysis.
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If the lowest natural frequency of an active valve is less than 33 Hz, the
valve's mathematical model is included in the piping dynamic analysis.
This assures the calculated valve acceleration does not exceed the
values used in the static tests of the manufacturers qualification
program and reflects the proper valve dynamic behavior.

(b) The actuator and yoke of the valve system were statically loaded an
amount greater than that determined by an analysis as representing the
applicable seismic accelerations applied at the center of gravity of the
operator alone in the direction of the weakest axis of the yoke. The
design pressure of the valve is simultaneously applied to the valve
during the static deflection tests.
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(10)

(c) The valve was then operated while in the deflected position, i.e., from
the normal operating mode to the faulted operating mode. The valve
performed its safety-related function within the specified operating time
limits.

(d) Motor operators and other electrical appurtenances necessary for
operation were qualified as operable during the seismic event by
analysis and/or testing in accordance with the requirements of IEEE
Standards 344 (refer to Section 3.9.2.2 for the applicable edition).

The accelerations used for the static valve qualification are 3.0 g horizontal
and 2.0 g vertical with the valve yoke axis vertical. The piping designer shall
maintain the motor operator accelerations to equivalent levels. If the valve

accelerations exceed these levels, an evaluation of the valve is performed to
document acceptability on a case-by-case basis.

If the frequency of the valve, by test or analysis, was less than 33 Hz, a
dynamic analysis of the valve was performed to determine the equivalent
acceleration to be applied during the static test. The analysis provided the
amplification of the input acceleration considering the natural frequency of
the valve and piping along with the frequency content of the applicable plant
floor response spectra. The adjusted accelerations were determined using
the same conservatism contained in the accelerations used for "rigid" valves.
The adjusted accelerations were then used in the static analysis and the
valve operability was assured by the methods outlined in steps (b), (c), and
(d) above using the modified acceleration input.

The design of each active Category | check valve was such that once the
structural integrity of the valve was assured using standard design or analysis
methods, the ability of the valve to operate was assured by the design
features. In addition to design considerations, each active check valve
undergoes:

(a) Stress analysis including the applicable seismic loads

(b) In-shop hydrostatic tests for parts that could affect the operability of the
valve,

(c) In-shop seat leakage tests, and

(d) Preoperational and periodic in-situ testing and inspection to assure
functional ability of the valves.
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(11) The design of the pressurizer safety valve (Category 1) was such that once
the structural integrity of the valves was assured using standard design or
analysis methods, the ability of the valve to operate was assured by the
design features. In addition to design considerations, the pressurizer safety
valve was subjected to:

(a) Stress and/or deformation analyses for parts that could affect the
operability of the valve for the applicable seismic loads,

(b) In-shop hydrostatic and seal leakage tests, and
(c) Periodic in-situ valve inspection.

In addition to these tests, a static load equivalent to the seismic load was
applied to the top of the bonnet and the pressure was increased until the
valve mechanism actuated. Successful actuation within the design
requirements of the valve has been demonstrated.

(12) Wherever practicable, prototype test and analytical results are utilized to
assure functional adequacy of active Category | pumps and valves and their
appurtenances.

3.9.3.3 Design and Installation Details for Mounting of Pressure Relief Devices

The design and installation of pressure relieving devices are consistent with the
requirements established by Regulatory Guide 1.67, "Installation of Overpressure
Protective Devices."

Each main steam line is provided with one power operated atmospheric relief valve
and five safety valves sized in accordance with ASME, B&PV, Section lll.

The safety valves are set for progressive relief in intermediate steps of pressure within
the allowed range (100% to 105% of the design pressure) of pressure settings to
prevent more than one valve actuating simultaneously. The valve pressure settings at
which the individual valves open are tabulated in Table 10.1-1 in the column identified
as "Set Pressure." The valves are designed to reseat at the pressure values identified
in the column "Blowdown Pressure."

Valves are connected to a rigidly supported common header that is in turn connected
to the main steam piping through branch piping equal in size to the main steam piping.
The header and valves are located immediately outside containment in the main steam
valve building.

The safety valves are mounted on the header such that they produce torsion, bending,
and thrust loads in the header during valve operation. The header has been designed
to accommodate both dynamic and static loading effects of all valves blowing down
simultaneously.
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The stress produced by the following loading effects assumed to act concurrently are
within the code allowable.

(1) Deadweight effects

(2) Thermal loads and movements

(3) Seismic loads and movements

(4) Safety valve thrust, moments, torque Ioading1
(5) Internal pressure

Note 1.The safety valve thrust loads are assumed to occur in the upset plant condition,
and do not occur concurrently with an OBE.

The nozzles connecting each valve to the header are analyzed to assure that for both
dynamic and static loading situations, the stresses produced in the nozzle wall are
within the code allowable for the same loading consideration as the header.

The safety valves and power-operated atmospheric relief valves are Seismic Category
I components. They have been seismically qualified by analyses per criteria presented
in Section 3.7.3.16 and Table 3.9-19.

Pressure relief valves in auxiliary safety related systems have been installed
considering loads carried in the support members produced by:

(1) Deadweight of valve and appurtenances,

(2) Thermal effects,

(3) Seismic effects,

(4) Maximum valve thrust, moment, and torque loading effects, and
(5) Internal pressure.

Relief valves that discharge to the atmosphere are either rigidly supported by their own
individual support, or the nozzle and component to which the valve is attached (vessel,
tank, or pipe) has been designed to carry the valve static and dynamic loads. Individual
supports have been designed to stress levels in accordance with Section 3.9.3.4.2.
Stresses in nozzles and components produced by the valve loads considered above
are determined per the method delineated in Welding Research Council Bulletin No.
107 or equivalent and are combined with normal loading operational loads for the
component. Relief valves blowing down is considered as an upset loading condition
for the plant. Therefore, the allowable stress intensity for the component supporting the
valve loads is in accordance with those tabulated in Tables 3.9-2, 3.9-8, 3.9-9, or 3.9-
14, as applicable.

Loading associated with relief valves discharging through piping components to a
collector tank are analyzed considering the surge effects of the initial discharge
through the pipe. This condition is considered as an upset loading condition for the
piping components connecting to the valve and the allowable stress intensity is in
accordance with those for piping components tabulated in Tables 3.9-8 and 3.9-9.

Pressure relief valves and pertinent operating information for the valves that have been
considered in the installation requirements of the valve are tabulated in Table 3.9-20.

MECHANICAL SYSTEMS AND COMPONENTS
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As related to the design and installation criteria of pressure relieving devices,
Westinghouse interfaces with TVA by providing the following:

(1) Overpressure Protection Report[13]. This report documents the compliance
for overpressure protection requirements as per the ASME Boiler and
Pressure Vessel Code, Section Ill, NB-7300 and NC-7300, and provides the
maximum relieving requirements.

(2) Mounting brackets on the pressurizer. These brackets can be used as
structural supports, if needed.

(3) Criteria and guidelines. Supplementary criteria specifically applicable to the
design and fabrication of nuclear plant safety and relief valve installations are
provided.

(4) Review of s