WATTS BAR WBNP-64

3.8 DESIGN OF CATEGORY | STRUCTURES

3.8.1 Concrete Shield Building

The Shield Building is a Category | structure in its entirety and is designed to remain
functional in the event of a Safe Shutdown Earthquake (SSE) or a tornado.

The Shield Building is designed as described in Sections 3.8.1.1 through 3.8.1.7. The
evaluation and modification of the Shield Building reinforced concrete structure are
optionally done using the ultimate strength design method in accordance with the
codes, load definitions and load combinations specified in Appendix 3.8E.

3.8.1.1 Description of the Shield Building

The Shield Building, shown in Figure 3.8.11 through 3.8.17, is a reinforced concrete
structure surrounding the steel containment structure and is designed to provide the
following: radiation shielding from accident conditions, radiation shielding from parts
of the reactor coolant system during operation, and protection of the steel containment
vessel from adverse atmospheric conditions and external missiles propelled by
tornado winds. The Shield Building is a reinforced concrete cylinder supported by a
circular base slab and covered at the top with a spherical dome. It is located adjacent
to the concrete Auxiliary and Valve Room Buildings and is physically separated from
them by a 1-inch fiberglass-filled expansion joint. There is a polyvinyl chloride seal
placed in formed grooves on the face of the Shield Building where it abuts the Auxiliary
Building, thus providing watertightness between the two buildings up to grade level of
elevation 728.0. The seal is embedded in the groove with epoxy adhesive mortar. The
Shield Building is maintained watertight to elevation 742.0. A sectional view through
the Shield Building is shown in Figure 3.8.11. Only the base slab resists the LOCA
pressure load which is transmitted to it through a steel plate liner anchored to its top
face. For further discussion of the base slab see Section 3.8.5.

The cylinder wall is 155 feet in height from the top of the base slab to the spring line of
the dome. It has an inside diameter of 125 feet 1 inch and a thickness of 3 feet.
Conventional steel reinforcing bars were used throughout the structure and were
placed in a horizontal and vertical pattern in each face of the cylinder wall. The area
of reinforcement in each direction of each face is not less than 0.0015 times the gross
concrete area.

The effects of penetrations through the wall were considered.

Penetrations, 12 inches or less in diameter, do not significantly disturb the reinforcing
pattern in the wall. Therefore, no special reinforcing considerations were made at these
areas.

For penetrations larger than 12 inches, reinforcing is terminated at the opening.
Supplemental reinforcing is added, both vertically and horizontally, to replace the
reinforcing, terminated at rectangular penetrations larger than 12 inches and circular
penetrations larger than 24 inches. The amount of supplemental reinforcing added is
equal to or greater than the amount of reinforcing removed and is placed adjacent to
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3.8.1.1.1

3.8-2

the penetration. In addition, rectangular penetrations in the wall have diagonal
reinforcing across the corners. All reinforcing bars were lap spliced in accordance with
ACI 318-71 code requirements for strength design or have been cadwelded.

Reinforcing steel bars in the dome were arranged in a radial and circumferential
pattern.

A ring tension beam is provided to resist the outward thrust from the dome roof. The
tensile force in the ring beam is resisted by 24 No. 11 reinforcing bars. These bars are
spliced with mechanical splices that are uniformly staggered at least 6 feet on center
around the circumference of the ring beam. Therefore, at any cross section in a length
of 6 feet, only three bars are spliced out of the total of 24 bars, and not more than two
of these are in any one layer. That is, at any section, 21 bars are continuous and
unspliced. These continuous, unspliced bars alone will carry the imposed load with
only a 15 percent increase in stress. Stirrups enclosing the main reinforcement are
spaced on 15-inch centers.

Equipment Hatch Doors and Sleeves

As shown in Figure 3.8.18, a double-leaf equipment door installed in a sleeve is
provided for each Reactor Building. The steel sleeve forms an access through the
Shield Building wall to the equipment hatch in the Containment Vessel. Each sleeve
extends from inside the Shield Building to the shielded passageway leading to the
Auxiliary Building floor elevation 757.0. Each door is of the hinged, double-leaf, marine
type with seals for providing an airtight closure between the annulus surrounding the
steel containment vessel and the inside of the Auxiliary Building. A door will normally
be opened only when the reactor is in the shutdown, depressurized condition such that
secondary containment is not required.

The sleeves, embedded in the Shield Building walls, are of welded steel construction,
rectangular in cross section, with corners fabricated to a radius. They form clear
passageways 20 feet wide and 17 feet-8 inches high through the concrete walls of the
Shield Buildings.

Floors in the sleeves are at elevation 756.63 coinciding with the elevation of the
operating floors in the Reactor Buildings.

The doors are hinged to the sleeves on the end toward the outside of the Shield
Building wall and are of welded construction consisting of structural shapes with a steel
skin plate.

Sealing of a door when closed is by means of solid, molded rubber seals mounted on
the door. The seals contact the edge of the sleeve at the top and sides, a removable
seal bar at the floor level, and a sealing bar at the meeting line of the two leaves.
Penetrations through the doors are sealed with solid rubber O-ring type seals.

The doors are opened and closed manually. Latching of the doors in the closed
position is accomplished by hand-lever operated dogs acting on wedge surfaces
around the perimeter and meeting edges of the door leaves.
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The doors are part of the airtight closure between the annulus surrounding the
Containment Vessel and the inside of the Auxiliary Building. These doors are to
remain closed during unit operation and will only be opened during unit shutdown.

The door and sleeves will maintain their structural integrity and remain operational after
being subjected to the environmental or accident conditions listed in Section 3.8.1.4.

3.8.1.2 Applicable Codes, Standards, and Specifications

The structural design of the reinforced concrete Shield Building is in compliance with
the proposed ACI-ASME (ACI-359) Code for Concrete Reactor Vessels and
Containment, Article CC-3000, as issued for trial use, April 1973, for the loading
combinations defined in Table 3.8.1-1. Allowable stresses are based on this code with
the exception of allowable tangential shear stresses in walls where the ACI 318-71
code is used. Detailing of reinforcing around opening of circular walls is based on the
ACI Chimney Code (ACI 307-69), Sections 4.4.4 through 4.4.7. All reinforcing steel
conforms to the requirements of ASTM Designation A615-72, Grade 60.

Unless otherwise indicated in the FSAR, the design and construction of the Shield
Building is based upon the appropriate sections of the following codes, standards, and
specifications. Modifications to these codes, standards, and specifications are made
where necessary to meet the specific requirements of the structures.

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.

(1)  American Concrete Institute (ACI)

ACI 214-77 Recommended Practice for Evaluation of Strength Test Results
of Concrete

ACI 318-71 Building Code Requirements for Reinforced Concrete

ACI 359 Code for Concrete Reactor Vessels and Containments, (Proposed
ACI-ASME Code ACI-359 (Article CC-3000) As issued for trial use April,
1973)

ACI 347-68 Recommended Practice for Concrete Formwork
ACI 305-72 Recommended Practice for Hot Weather Concreting

ACI 211.1-70 Recommended Practice for Selecting Proportions for Normal
Weight Concrete

ACI 307-69 Specification For the Design and Construction of Reinforced
Concrete Chimneys

(2) American Institute of Steel Construction (AISC)
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(3)

(4)

(5

(6)
(7)
(8)

9)

(10)

(11)
(12)

'Specification for the Design, Fabrication, and Erection of Structural Steel for
Buildings,' adopted February 12, 1969, except welded construction is in
accordance with Item 4 below.

American Society for Testing and Materials (ASTM), 1975 Annual Book of
ASTM Standards. Specific standards are identified in Section 3.8.1.6.

American Welding Society (AWS)

Structural Welding Code, AWS D1.172 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
Item 12 below.

'Recommended Practice for Welding Reinforcing Steel, Metal Inserts, and
Connections in Reinforced Concrete Connections,' AWS D12.161.

Uniform Building Code, International Conference of Building Officials, Los
Angeles, 1970 edition.

Southern Standard Building Code, 1969 edition, 1971 Rev.
'Nuclear Reactors and Earthquakes,' USAEC Report TID7024, August 1963.

American Society of Civil Engineers Transactions, Volume 126, Part I, Paper
No. 3269, 'Wind Forces on Structures,' 1961.

Code of Federal Regulations Title 29, Chapter XVII, "Occupational Safety
and Health Standards," Part 1910.

NRC Regulatory Guides;

RG1.10 Mechanical (Cadweld) Splices in Reinforcing Bars of Category |
Concrete Structures

RG1.12 Instrumentation for Earthquakes

RG 1.15 Testing of Reinforcing Bars for Category | Concrete Structures
RG 1.31 Control of Ferrite Content in Stainless Steel Weld Metal

RG 1.55 Concrete Placement in Category | Structures.

Section Deleted by Amendment 89

Nuclear Construction Issues Group (NCIG)
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NCIG-01, Revision 2 -Visual Welding Acceptance Criteria (VWAC) for
Structural Welding

NCIG-02, Revision 0 - Sampling Plan for Visual Reinspection of Welds

The referenced NCIG documents may be used after June 26, 1985, for
weldments that were designed and fabricated to the requirements of
AISC/AWS.

NCIG-02, Revision 0, was used as the original basis for the Department of
Energy (DOE) Weld Evaluation Project (WEP) EG&G Idaho, Incorporated,
statistical assessment of TVA performed welding at WBNP. Any further
sampling reinspections of structural welds subsequent to issuance of NCIG-
02, Revision 2, are performed in accordance with NCIG-02, Revision 2
requirements.

The applicability of the NCIG documents is specified in controlled design
output documents such as drawings and construction specifications.
Inspectors performing visual weld examination to the criteria of NCIG-01 are
trained in the subject criteria.

(13) TVA Reports

CEB 86-12Study of Long Term Concrete Strength at Sequoyah and Watts
Bar Nuclear Plants

CEB 86-19-CConcrete Quality Evaluation

3.8.1.3 Loads and Loading Combinations
The Shield Building dome and cylinder wall are subjected to the following loads.
Design loading combinations utilized to examine the effects of localized areas are
shown in Tables 3.8.1-1 and 3.8.1-2.
Dead Load

This includes weight of the concrete structure plus any other permanent load
contributing to stress, such as equipment, piping, and cable trays suspended from the
structures.

Earth Pressure

The static soil pressure was computed using Earth Pressure Standards from TVA's
General Standards which incorporate Coulomb's "wedge of pressure” theory.

Standard soil properties for fine grained rolled fill are as follows:

Angle of internal friction = 32 degrees
Angle of friction between soil and building = 16 degrees
Dry weight = 120 Ib/cu ft
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Buoyant weight = 65 Ib/cu ft

Due to adjacent structures the soil does not completely surround the Shield Building
but lies in a 185degree segment around it. The soil was backfilled to a height of 31 feet
above the base slab. A surcharge of 200 psf was used.

Hydrostatic Pressure

Uplift forces and lateral static pressure were computed using the full hydrostatic head
measured from the water surface. Water surface elevations from the probable
maximum flood (Section 2.4) were used in determining hydrostatic heads.

Due to water seals between the Shield Building and adjacent structures, the lateral
hydrostatic pressure was applied only to one-half of the circumference for the drawn
down ground water table. For the probable maximum flood the adjacent structures are
allowed to flood and lateral hydrostatic pressure was applied around the full
circumference.

Loss of Coolant Accident (LOCA)

In addition to the reactions of the containment vessel and interior concrete due to the
LOCA pressure transients, the LOCA produced uplift forces on the steam generator or
reactor coolant pump anchors in the base slab. The LOCA also increased the
temperature in the annulus space between the Containment Vessel and the Shield
Building. This produced a nonlinear temperature gradient across the cylinder wall and
dome. A typical gradient in shown in Figure 3.8.19.

Normal Temperature Gradient

The temperature gradient for normal plant operation was considered as uniformly
varying through the section. The maximum temperature gradient occurs just above
grade when the plant is in operation and a minimum ambient temperature exists. The
normal temperature difference across the wall varies from a minimum of 35EF below
grade to the maximum of 85EF as shown on Figure 3.8.1-9.

Operational Basis Earthquake (OBE)

The plant was designed to remain operational under the OBE. The OBE has a
maximum acceleration of 0.09g horizontally and 0.06g vertically. In addition to the
maximum values of the structural response in terms of displacement, acceleration,
shear, moment, torque and axial force, the soil pressure and hydrostatic pressures
were increased due to seismic motions. The static soil-pressure was increased 23%
for a dry fill and 11% for a saturated fill. This incremental increase was a triangle of
pressure with the apex at the rock surface and the maximum ordinate at the ground
surface. The hydrostatic pressure of the water within the fill was increased by 11%.

This incremental increase was a triangle of pressure with the apex at the water surface
and maximum ordinate at the rock surface. The magnitude of these increases were
determined by shaking table experiments performed for another TVA project. The
reaction from earthquake motion on the compressed expansion joint material
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separating the adjacent Auxiliary and Valve Room Buildings was also taken into
consideration.

Safe Shutdown Earthquake (SSE)

The plant was designed to have the capability for safe shutdown for the SSE
(maximum acceleration of 0.18g horizontally and 0.12g vertically). The incremental
pressure increase for soil and hydrostatic pressure was twice that for the OBE.

Snow

Snow load is considered in the design live load.

The minimum design live load for the roof of the Diesel Generator Building is 20 psf.
The minimum design live load for the roof of any other Category | structure is 50 psf.
Utilizing this design live load, and an increased allowable (0.9 yield for reinforcing
steel) for severe environmental conditions, it is concluded that the roofs of Category |
structures will support any combination of snow load and water load possible in the 48
hour Probable Maximum Winter Precipitation (PMWP).

Tornado

The tornado was assumed to have an "eye" whose pressure is 3 psi below ambient, a
"funnel" having a rotational velocity of 300 mph, and a translational speed of 60 mph.
The Shield Building was designed for wind loads corresponding to 360 mph and a
maximum internal pressure of 3 psi. Maximum wind velocity and maximum internal
pressure loadings do not coincide as shown by Figure 3.31. The ultimate capacity of
the structure in flexure or shear is not exceeded under the combined pressure and
wind velocity loadings of Figure 3.3-1.

The adjacent structures disturb the air flow around the Shield Building. The only
method to determine the actual pressure distribution on the structure is by a model test.
In lieu of model test, several cases of extreme pressure distributions were analyzed in
an attempt to bracket the actual stresses. The normal maximum wind loading was
based on Figure 1(b), from ASCE Paper 3269, "Wind Forces on Structures."

Tornado missiles are described in Section 3.5.

Construction Loads

The dome was poured in two lifts. The first lift is a 9inch pour supported by temporary
shoring bearing on the Containment Vessel. The first lift was designed to support the
wet concrete dead load of the second lift plus a construction load of 50 psf.

3.8.1.4 Design and Analysis Procedures

Base Slab

The base slab is discussed in Section 3.8.5.
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3.8-8

Cylinder Wall and Dome

The stiffness of the cylinder wall was small in comparison to that of the base slab and
the cylinder wall was assumed fixed at the base. The height of the wall was such that
the effect of discontinuity at one end was negligible when considering discontinuity at
the other end.

For symmetrical loadings, the edge forces at the point of discontinuity were determined
by writing the equations of the primary system and the equation of compatibility. The
discontinuity stresses from the edge forces were superimposed on the membrane
stresses. The above analysis was checked by two independent computer analyses
("Axisymmetric Finite Element Analysis, AMG032" and GENSHL 2). Unsymmetrical
loadings, such as wind, were analyzed by using computer code, GENSHL. These
loads were approximated through a Fourier series.

Creep and Shrinkage Effects

Creep was not considered in the design of the Shield Building. Sustained loads are
essentially the dead weight loads of the structure itself with subsequent stress levels
too low to influence creep deformations to any significant degree particularly since
these deformations do not cause differential settlements in the structure.

Shrinkage effects are considered in the design of all structures by estimating the
temperature change from peak hydration temperatures to final operating temperature
conditions. In addition drying shrinkage effects are considered in all members which
have an average drying path of less than 15 inches. The methods used to consider
these effects are explained in an AClI Committee 207 Report 7045, "Effect of Restraint,
Volume Change, and Reinforcement on Cracking of Massive Concrete" published in
July 1973.

The effects of base restraint on the cracking of a circular structure is essentially the
same as the effects on a wall of equal thickness whose length is equal to the outside
diameter of the circular structure.

The Shield Building was not only designed to restrict shrinkage cracking, thus holding
the cracks to a minimum acceptable size, but was also waterproofed on the exterior
surface below grade to eliminate possible seepage. The portion above grade is
essentially out of the restraint zone and will therefore be relatively free from shrinkage
cracking.

Tangential Shear

The tangential shears induced by earthquake and wind forces were assumed to vary
from zero over a thickness of wall located at the extremes of a diameter parallel to the
line of action of the shearing force to a maximum on a wall thickness located at the
extremes of a diameter normal to the line of action of the shearing force. Distribution
was assumed proportional to the cosine of the polar angle measured from the diameter
normal to the line of action of the shear force with a maximum allowable shear stress
in the concrete limited to 247 psi according to special provisions for shear in walls in
the ACI 31871 code.
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Seismic

The seismic response of the Shield Building was based upon idealized models and
computer usage of the time-history method using four artificial earthquake records.
The response was computed for each record and then averaged by computing the
arithmetic mean of the four sets of the response values. The dynamic analysis was
done by the normal mode method. This consists of writing the equations of motion of
the system, assuming a separable solution and solving the resulting space-dependent
and time-dependent differential equations.

The structural response was calculated for both the OBE and the SSE. Damping
values of 2 and 5% for the OBE and SSE, respectively, were used. See Section 3.7
for a detailed description of the seismic analysis.

Equipment Hatch Doors and Sleeves

For the closed position, the structural members of the door leaves were designed as
simple beams under uniformly distributed loading with the end reactions carried by the
sleeve. Loads at the dogging wedges were carried to the sleeve as concentrated
loads.

For the open position, the door leaves were treated as cantilever structures, and the
hinge members and sleeve were designed for the resulting concentrated loads.

Design of the doors and sleeves was by TVA without the use of a computer program.

Under normal operating conditions, air pressure equal to 5 inches of water is exerted
on the Auxiliary Building side of the doors. Under accident or tornado conditions, the
doors are subjected to air pressure. Environmental and accident conditions which were
considered in the design of the doors and sleeves are as follows:

(1) The OBE and the SSE with accelerations as hereinafter defined.

(2) An inadvertent release of the cooling sprays in the Containment Vessel will
cause a pressure drop within the annulus surrounding it and result in an air
pressure load of 2 psi on the Auxiliary Building side of the doors and sleeves.
Duration of this condition will be for a few hours maximum.

(3) A tornado condition which causes a pressure drop within the Auxiliary
Building will result in a pressure of 3 psi on the annulus side of the doors.
Duration will be for 3 seconds.

(4) A LOCA accident in the Containment Vessel which will result in a pressure
equal to 3/4 inch of water on the Auxiliary Building side of the doors. A partial
vacuum is created in the annulus by vacuum pumps, and this condition may
exist for a period of several months.

Earthquake accelerations used in design of the doors and sleeves were determined by
dynamic analysis of the supporting structure of the Shield Building. Accelerations at
the centerline of the equipment hatch for the OBE are as follows:

DESIGN OF CATEGORY | STRUCTURES 3.8-9



WATTS BAR WBNP-89

Lateral (north-south) 0.269g
Lateral (east-west) 0.21g
Vertical 0.08g
Accelerations at the centerline of equipment hatch for a SSE are as follows:
Lateral (north-south) 0.39¢g
Lateral (east-west) 0.33¢g
Vertical 0.16g

These accelerations were used as static loads for determining component and
member sizes. After establishing the component and member sizes, a dynamic
analysis, using appropriate response spectrum, was made of each sleeve and its doors
to determine that allowable stresses had not been exceeded.

3.8.1.5 Structural Acceptance Criteria

3.8-10

Controlling Conditions Shield Building Structure

The SSE in combination with a LOCA (load combination 8) produced the largest
overturning moment. For this combination, the percent of the base slab in
compression was 51% and the factor of safety for overturning was 1.74.

The uplift on the equipment from the LOCA combined with the SSE controlled the
design of the base slab.

Minimum steel requirements of 0.65 square inches per foot (minimum steel ratio of
0.0015 in each face and in both vertical and horizontal directions) controlled the inside
face vertical steel requirements throughout the shell and the inside face horizontal
steel requirements above grade.

The SSE in load combination 8 controlled the design of the outside face vertical
reinforcement at the base of the cylinder wall. Due to earth and hydrostatic pressure,
outside face horizontal reinforcement requirements were greatest 16 feet above the
base of the cylinder wall at elevation 713.0.

The construction loading controlled the reinforcement design in the dome and the
upper portion of the cylinder wall.

The SSE produced a maximum tangential shear stress at the base of the wall of 189.7
psi which was 76.8% of the allowable.

The effects of repeated reactor shutdowns and startups during the plant's life will not
degrade the above margins of safety because the Shield Building is minimally affected
by these operations. The only effects from normal operations are from interior
temperature changes which are insignificant compared to normal exterior temperature
variations.
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Equipment Hatch Doors and Sleeves

Allowable stresses for all load combinations used for the various parts are given in
Table 3.8.12. For normal load conditions, the allowable stresses provide safety factors
of 1.67 (F,/0.6 Fy) to 1 on yield for structural parts and 5 to 1 on ultimate for mechanical
parts. For a limiting condition such as a Safe Shutdown Earthquake (SSE), stresses
do not exceed 0.9 yield.

3.8.1.6 Materials, Quality Control and Special Construction Techniques

3.8.1.6.1

General

The principal materials used in the construction of the Shield Building base slab, wall,
and dome were concrete and reinforcing steel. Steel is used for the structural parts of
the equipment hatch doors and sleeves with rubber used for the seals.

Materials

Concrete

Cement conformed to ASTM Specification C15072 Type |. The guaranteed 28day
mortar strength was 5025 psi with a guaranteed standard deviation of 395 psi and a
guaranteed maximum tricalcium aluminate content of 9.5%.

Aggregates conformed to ASTM Specification C-33-71a and were manufactured of
crushed limestone.

Water for mixing concrete and also for washing the aggregates and curing concrete
was tested prior to use in accordance with Corps of Engineers test method CRD-C400.

The fly ash used at Watts Bar is in general accordance with the ASTM C618-73, except
for the loss of ignition and fineness of pozolanic index parameters. TVA specific
requirements for loss of ignition are more restrictive while the fineness pozolanic index
is less restricitve than the ASTM requirements. (See Section 3.8.3.2.1.a for more
details). Sampling and testing was performed in accordance with ASTM C 311.

Air-entraining admixtures conformed to ASTM Specification C-260-69.

Water-reducing agent used for concrete mixtures containing fly ash was selected
based on demonstrated achievement of TVA specified concrete strength of a control
mix by actual testing.

Reinforcing Steel

Reinforcing steel conformed to ASTM Designation A615-72, Grade 60.

Equipment Hatch Sleeves and Doors

The structural parts of the sleeves and doors are fabricated from ASTM A36 steel.
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3.8.1.6.2 Quality Control

3.8-12

Concrete

Concrete was produced in a central batch and mixing plant until 1977, and central
batch and transit mix after 1977. A materials engineering unit was specifically
responsible for control, documentation, and daily review of test data.

Aggregate gradation and deleterious material was checked daily. All coarse aggregate
was rinsed and resized. The gradation of the fine aggregate and the amount finer than
the No. 200 sieve conformed to specifications.

All other concrete material was also subject to periodic tests (see Section 3.8.3.2).

The specified strength of the concrete was 4000 psi at 28 days. Some concrete did
not meet specification requirements. This was evaluated and documented in the
Report CEB-86-19-C "Concrete Quality Evaluation." The results have been
documented in affected calculation packages and drawings.

A testing program conducted at the site compared strengths of cylinders and concrete
from 3-foot-thick wall sections subjected to exterior exposures. The results of this test
program are documented in TVA report CEB 86-12, "Study of Long-Term Concrete
Strength at Sequoyah and Watts Bar Nuclear Plants." These tests demonstrated the
long term compressive strength gain with age which have occurred. The strength gain
and age was generally 2600 psi beyond 28 days and 1300 psi beyond 90 days.

Reinforcing Steel

Testing of reinforcing steel conformed to Regulatory Guide 1.15.
Cadweld splices conformed to Regulatory Guide 1.10.

Equipment Hatch Doors and Sleeves

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 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.

Material used for seals including O-rings, was certified by a rubber technologist as
being capable of withstanding the radiation and temperature conditions existing during
a LOCA accident. This certification is based on testing and evaluation of seal materials
performed under contract for TVA by Presray Corporation.
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3.8.1.6.3 Construction Techniques

The walls of the Shield Building from the base slab to the bottom of the ring beam were
constructed using conventional forms. The concrete pouring was performed in two
stages to facilitate other construction work in the building. The first stage consisted of
concrete pours to elevation 762.0 and the second stage consisted of the remaining
height of wall. Concrete temperatures were monitored throughout for a minimum
period of 3 days during cold weather to assure cold weather protection requirements.

The dome roof was placed in two lifts with each lift divided into three basic rings and
each ring divided into radial segments. The Steel Containment Vessel (SCV) is
designed to support the formwork for the first Qinchthick lift and the first lift is then
designed to support the remaining 15-inch lift with the formwork removed. Delays are
specified between adjacent lift pours in order to minimize the effects of initial volume
changes. The second lift was not placed until the first lift had attained its specified
strength.

The base slab, ring beam, and parapet wall were constructed using conventional
methods.

3.8.2 Testing and Inservice Surveillance Requirements

Since the Shield Building is not a pressure containment its wall and dome will not be
pressure tested.
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Table 3.8.b-1 MULTIPLE LOAD COMBINATIONS VARIOUS PLANT CONDITIONS

(Page 1 of 2)

LOADING CONDITIONS

Const. Test. Normal

Load Components Cond. Cond. Design

Norm.
Oper.

1/2 Accident (Static)
1/2 SSE

SSE

MSLB

Accident Post
Accident (Static) Accident
SSE Flooding

MSLB
Accident

1/2SSE SSE

Personnel Access
Lock Load X

Penetration Loads X

Containment Vessel
and Appurtenances X X X
Dead Loads

Walkway Live Loads X

Spray Header and
Lighting Fixtures Live X
Loads

Safe Shutdown
Earthquake (SSE)
Lateral and Vertical
Loads

Design Internal
Pressure of Design X
External Pressure

One-half Safe

Shutdown Earthquake X
(1/2 SSE) Lateral and

Vertical Loads

Design Internal
Pressure or Pressure
Transient Loads

Design Temperature X

Internal Temperature
Range of 60EF to
120EF

Internal Temperature
Range of 80EF to
250EF

Thermal Stress Loads
Including Shell
Temperature
Transients

Hydrostatic Load
Case 1aor 1B
(See Note 1)

3.8-14
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Table 3.8.b-1 MULTIPLE LOAD COMBINATIONS VARIOUS PLANT CONDITIONS
(Page 2 of 2)

Hydrostatic Load X
Case Il (See Note 1)

Wind Loads X
(See Note 2)

Show Loads X
(See Note 2)

Temporary X
Construction Loads

Internal Test Pressure X

Weight of
Contained Air

MSLB Pressure X X

Internal Temperature
Range of 80EF to X X
327EF

Airlock Live Load X
Notes:
1. Hydrostatic loads case 1A & 1B, and load case |l are shown on TVA drawing 48N400.
2. Wind and snow loads do not act simultaneously.
3. For allowable stress condition see Table 3.8.B-2.
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Table 3.8b-2 Allowable Stress Intensities Plus Buckling Load Factors

Loading Conditions
Normal Design Condition

Construction Condition

Normal Operation Condition

Upset Operation Condition

Emergency Operation Condition

Test Condition

Post-Accident Fuel Recovery
Condition

Applicable ASME Code
Reference (1) for Stress Intensity

NB-3221

NB-3222

NB-3223

NB-3224

NB-3226
NB-3224

Buckling Load
Factors

In accordance with
ASME Code, Section VIII

Load factor = 1.25 for both
cylindrical portion and
hemispherical head

Load factor = 1.25 for both
cylindrical portion and
hemispherical head

Load factor = 1.10 for both
cylindrical portion and
hemispherical head

NA
NA

(1) All code references are to the ASME Boiler and Pressure Vessel Code, Section I, Nuclear
Power Plant Components, 1971 Edition, with Winter 1971 Addenda.
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Table 3.8d-3 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.
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Table 3.8d-4 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.

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.

3.8-18
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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)
Anchor load 1 -1.715 (k) - 1.65 (k)
Anchor load 2 5.34 (k) 5.4 (k)
Anchor load 3
Anchor load 4 -3:22 (k) -3.44 (k)

3.665 (k) 3.61 (k)
DESIGN OF CATEGORY | STRUCTURES 3.8-21
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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
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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.
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
Plate bending stress 8.355 (k/in) 8.348
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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

Added by Amendment 51
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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 11053

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.
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WATTS BAR
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.

Comparison of hand calculations with THERMCYL results for stresses in reinforced concrete thin-
walled cylinder with non-linear temperature distribution across wall thickness and varying dead

load axial stress.
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Table 3.8.1-4 Loading Combinations, Load Factors And Allowable Stresses For The Shield
Building Concrete Exterior Cylindrical Wall, Dome And Base Slab

COMBINATIONS(®)

LOADING 1 2 2a 2b 3 4 5 6 7 8 9 10
D DEAD LOAD 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
D EARTHPRESSURE 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
PMF PROBABLE 1.0

MAXIMUM FLOOD

To NORMAL OPERATING 1.0 1.0 1.0 1.0 1.0 1.0
TEMPERATURE

Ta ACCIDENT 1.0 1.0 1.0 1.0
TEMPERATURE

Pa ACCIDENT 1.5 125 125 1.0
PRESSURE

Fegs SAFE SHUTDOWN 1.0 1.0
EARTHQUAKE

Fego OPERATIONAL 1.0 1.0 1.25
BASIS EARTHQUAKE

W  NORMAL WIND 1.0 1.0 1.25 1.0

Wt TORNADO® 1.0

L LIVELOAD 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

CC CONSTRUCTION 1.0
CONDITION

Pv NEGATIVE INTERNAL 1.0 1.0 1.0
PRESSURE

YjYr PIPE BREAK JET AND 1.0 1.0 1.0
REACTION LOAD

fc A45fc’ .45fc’  45fc’ .45fc’ .75fc’ .75fc'’ .75fc' .75fc' .75fc’ .75fc’ .75fc' .45fc'
ALLOWABLE
STRESSES*

fs 5 sty 5 Sy 9fy

©

fy 9fy 9fy 9fy 9fy 9fy 5fy

*fc'= SPECIFIED STRENGTH OF CONCRETE

fc = ALLOWABLE FLEXURAL CONCRETE STRESS
fy = YIELD STRENGTH OF REINFORCING STEEL
fs = ALLOWABLE REINFORCING STEEL STRESS

FOOTNOTES:

(1)REINFORCING STEEL STRESSES MAY BE INCREASED BY 33% WHEN
TEMPERATURE EFFECTS ARE COMBINED PROVIDED THE REQUIRED SECTION IS
NOT REDUCED FROM THAT REQUIRED WITHOUT THE TEMPERATURE EFFECTS

(2)W; INCLUDES TORNADO WIND, TORNADO POSITIVE INTERNAL PRESSURE, AND
TORNADO GENERATED MISSILES.

(3)LOADING COMBINATIONS (COMPARED TO TABLE CC-3200-1 OF ACI-359, 1973)
1.Service - Construction
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2.Service - Normal
3.Factored - Extreme
4.Factored - Environmental
5.Factored - Abnormal
6.Factored - Abnormal/Severe Environmental
7.Factored - Abnormal/Severe Environmental
8.Factored - Abnormal/Extreme Environmental
9.Factored - Extra Case

10.Service - Construction

The following loads from Table CC-3200-1 of ACI-359, 1973, as issued for trial use, are not
applicable to the Shield Building exterior wall and dome.

(F, Pt, Tt, Ro, Ra, Yr, Yj, Ym, Pa, Ta) = 0
The Structural Integrity Test (D + L + P; + T;) from the ACI-359, 1973 is not a controlling load case
for the base slab.
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Table 3.8.1-2 Shield Building Equipment Hatch Doors And Sleeve Loads, Loading
Combinations, And Allowable Stresses

Structural
No. Load Combinations Allowable Stresses (psi)
Tension Compression**** Shear
I Dead load plus 2-psi pressure 0.50 Fy 0.47F, 0.33 Fy
Il Dead load plus 3-psi pressure 0.90 Fy 0.90 Fy 0.60 Fy
inside
1] Dead load plus 2-psi pressure 0.60 Fy 0.60 Fy 040 F,
outside plus *OBE
v Dead load plus 2-psi pressure 0.90 Fy 0.90 Fy 0.60 Fy
outside plus *SSE
**V  Dead load plus *OBE 0.60 Fy 0.60 Fy 040F,
**VI  Dead load plus *SSE 0.90 Fy 0.90 F, 0.60 Fy
Mechanical
No. Load Combinations Allowable Stresses (psi)
Tension & Shear
Compression(****)
| Dead load ult 2 x Ult
5 15
***la  Dead load plus* OBE 0.60 Fy 0.40 Fy
***11  Dead load plus *SSE 0.90 Fy 0.60 F,
] Dead load plus 2-psi pressure outside Ult 2 x Ult
5 15
v Dead load plus 3-psi pressure inside 0.90 F, 0.60 F,
\% Dead load plus 2-psi pressure outside 0.60 Fy 0.40F,
plus *OBE
VI Dead load plus 2-psi pressure outside 0.90 F, 0.60 Fy
plus *SSE

*Acts in one horizontal direction only at any given time and acts in the vertical and horizontal
directions simultaneously.
**Door open.
***For hinges only with doors open.

****The value indicated 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 F, when
buckling controls.
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r
Fo = Fy 