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FOREWCRD

This Technical Evaluation Report was prepared by Franklin Research Center
under a contract with the U.S. Nuclear Regulatory Commission (Office of >
Nuclear Reactor Regulation, Division of Operating Reactors) for technical
assistance in support of NRC operating reactor licensing actions. The

technical evaluation was conducted in accordance with criteria estapblished by
the NRC.
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PURPOSE OF REVIE

VAo

In the Systematic Evaluation Program (SEP), licensees are required to
stablish the ability of Class I ures to safely withstand a high wind or
srnado strike. After conductin

ting an appropriate investigation, licensees

the conclusions in a safety analysis report (SAR).

The purpose o
resent review is to provide a
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information by providing architectural-engineering structural drawings.
sdditional sources of information were a CPCo letter on the SEP structural
tcpics (3] and the plant final hazards summary report {4). The reactor puild-
ing, the screen house/discharge structure, the emergency diesel generator rcom,
the 240-ft reinforced concrete stack, the condensate and demineralized water
storage tanks, the solid radwaste storage vault, the turbine building, the
service building, the turbine building passageway, and the fuel cask loading
dock are the safety-related structures that have deen evaluated by CPCo and
reviewed in the Big Rock Point Plant SAR. The conclusions of this repcrt are
summarized in Table 1. The conclusions given in Table 1 for the 313 Rock Point
Juclear Plant site are based on a DBT having the followlng charactarlstics:

1. Maximum wind speed of 250 mph (combined) rotaticnal and tzanslaticnal
speeds)

2. Maximum translational wind speed of 33 mpn
3. Maximum pressure change of 1.35 psi.

The original design criteria for the Big Rock Point plant did not include
sornado-induced loads. The wind loading criteria of the Big Rock Point

structural systems are contained in the American Standard Association Code

L )
(&)

A58.1-1955 [5]. The graded wind loads of 25 psf at an elevation less than
£t, 30 psf at elevation between 30 £t and 49 ft, and 40 psf ac =levation

between 50 ft and 99 ft, and 45 psf at elevation between 100 £t and 493 It,
were used as lateral design loads at the Big Rock Point plant. The lollowing

shape factors were used for application of wind loads:

a. Plat vertical projection: 1.3 shape factor for projected area
normal to wind

5. Cylindrical surfaces: 0.6 shape factor used
¢. Spherical surfaces: 0.45 shape factor used.

In accordance with standard practice, seismic loads were not considered
in a loading combination with wind loads. Allowable stresses, including soil
pressures, were increased 33-1/3% when operational and dead loads are combined

with wind loads. Also, crane loads were not combined with wind loads.

.... Franklin Research Center
A Diwvimion of The Franidin institute



Maximum
Pressure
Element (psi)

1

Steel spherical shell ‘®/ >1.35

Pcof decking 0.41
concrete walls

Superstructure
Original "low level"
Original "high level”
New vault

Scuth wall intermedi
crane c¢olumns and

North and south wall brac
Wall intermediate coclumns
Metal siding

Roof bracin

Zast and west

Roof decking

Roof purlins

-
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Structure

Service building

Turbine building
2a3szageway

Tuel cask loading
jock/core spray
agquipment rocm
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Table 1 (Cont.)

Maximum
Pressure

Element _(psi)

Safety-related block walls 0.03-0.16
wall bracing column J NA
Exterior column 0.23
Metal siding 0.24
Girts 0.28
Control room south wall 0.37
Rcof decking 0.31
Boiler stack

Metal siding
Zast and west wall column
*3lowout” panel

Superstructura
Block wall

.... Franklin Research Center
A Dwision of The Franiiin Insttute

Maximum
Wind
Velocity

(mph)

NA
123
126
133
140

NA
233
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2. REVIEW CRITERTX

The intent of code regulations is to ensure the safety of systems vital
to the safe shutdown of a reactor. The General Design Criteria (GDC) of
LOCPRS0, Appendix A [6] regulate the designs of these safety systems; in
particular, GDC 2 requires that structures housing safety-related equipment De
able to withstan: the effects of natural phenomena such as tornadoes. The
design basis must consider the ' st severe postulated tornado as well as the

combined effects of tornado, normal, and accident conditions.

Requlatory Guide 1.76 defines a DBT in terms of the parameters of maximun
wind speed, maximum differential oressure, rate of Srassure drop, and core
radius, given with respect to geograpnical lccation. The speciiled magnitudes
2f these regional parameters are the acceptaple reculation levels, 3sut

ustify the

additional analysis may be performed where appropriata to

i
.

selection of a less conservative DBT. In Reference 7, the NRC established the

tornado parameters to be used in the SEP study of tne Big Rock Point plant.

Regulatory Guide 1.117 (8] assists in the identification of structures
and systems that should be protected from the effects of a DBT. This
regulatory position is elaborated in the Standard Review Plan (SRP), Section
3.3.2 (NUREG-0800) (9]. The analysis presented in this report is of a
representative sample of safety-related structural systems at the Big Rock
Point plant.

With the dynamic pressure and air flow assumptions from the 5R?, Section
3.3.2, and with the aid of Reference 10, a velocity-pressure distridution mcdel
can be constructed from the DBT characteristics. The actual forces acting on
a structure can be calculated from this model augmented by the experimental
data reported in References 1l and 12. These forces arise from wind-induced

positive and negative pressures as well as from differential pressures.

An additional tornado load is the impact of wind-borne missiles against
structures. The potential missiles are identified in the missile spectrum of
the SRP, Section 3.5.1.4 [13], while the particular missiles to be included in
this study were identified by the NRC as part of the SEP assignment (7].

e e

uu.. Frankiin Research Center
A Divimion of 1 ve Frankdin insttute



TER-C5257-405

Refarences 14 and 15 assist in the determination of the structural effects of
missile impact, while the guidelines of the SRP, Section 3.3.2 indicate
acceptable combinations of impact ef.ects with the loads resulting from wind
and differential pressures.

Since the DBT is considered an extreme environmental event, tornado-induced
loads are part of the loading combinations to be used in extreme environmental
design (see SRP Section 3.8.4 [17]). The structural effects of these loading
combinations are determined by ana’'ysis; stresses are calculated either oy a
working stress or ultimate strencth method, whichever is appropriate for the
structure nnder consideration. The ASME Code specifications for an extreme
environmental event permit the applicaticn of reserve strength factors =0
allowable working stress design limits, and als~ permit local strength
capacities to be exceeded fy missile lcadings (concentrated loads) grovided

that this causes no loss of Zfunction in any safety-related systams.

The sources of criteria described above and other source documents used in

zhe evaluation are listed below:

NRC Regulatory Guide 1.76, "Design Basis Tornadc for Nuclear Power
Plants" (2] ‘

NRC Regulatory Guide, 1l.117, "Tornado Design Classification" (3]

NUREG-0800, Standard Review Plan

Section 3.3.2, "Tornado Loadings" (9]

Section 3.5.1.4, "Missiles Generated by Natural Phenomena” [13]
Section 3.5.3, "Barrier Design Procedures" [18]

Section 3.8.2, "Steel Containment” [19]

Section 3.8.4, "Other Seismic Category I Structures” (17]
Section 3.8.5, "Foundations" [20]

AISC Specification for Design, Pabrication and Erection of Structural
Steel for Buiidings (21]

ACI-318-77, "Building Code Requirements for Reinforced Concrete" [22]

«SME Boiler and Pressure Vessel Code, Section III, Division 1, Subsecticn
Nl', "Class MC Components," american Society of Mechanical Engineers [16]

T e

..U Franklin Research Center
A Dwision of The Franidin insttute



TER-C5257-405

NRC/SEB, "Criteria for Safety-Related Masonry Wall Evaluaticn,”
Structural Engineering Branch (13981) [23]

ACI-307-79, "Specification for the Design and Construction of Reinfcrced
Concrete Chimneys®" [24].

.... Franklin Research Center
A Dovision of The Frankiin insttute
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3. TECHNICAL EVALUATION

3.1 GENERAL INFORMATION

The structures included in this review are the spherical containment, tie
emergency generator room, the ventilation stack, and other structures reported
in the CPCo SAR. These structures are classified seismically as Category I
Nuclear Safety Related. The plan of the building arrangement of the Big Rock

Point site is shown in FPigure 1.

The DBT characteristics taken as a basis for analysis ar: as Iollows

‘unic abbreviations are from the SRP, Section 3.3.2):

Maximum wind speed 350 mpn
Maximum pressure drop 3.0 psi
Rate of prassure drop 2.0 psi/sec
Cors radius 150 ft.

These characteristics yield a dynamic pressure of 332 psf. For apolica-
tion of this pressure to external flat surfaces of structures, the shape
coefficients are 0.80 for windward walls (positive pressure), 0.50 for leeward
walls (suction), and 0.70 for roofs (suction). The shape coefficient for thes
cylindrical ventilation stack is 0.70. Gust factors for tornado loadings ars

taken as unity.

The design basis missiles are C and F from the Standard Rewview P.an
Section 3.5,1.4 missile spectrum.

Missile C: Steel rod: 1l-in diameter, 3-ft length, 8-lb weight, 220
ft/sec velocity; strikes at all elevations.

Missile F: Utility pole: 13.5-in diameter, 35-ft length, 1490-1b
weight, 147 ft/sec velocity; strikes in a zone limited to
30 ft above grade.

The full effects of a tornado are experienced by the main scructural
members only if the skin of the building (walls, panels, roof decks, etc.) can
properly transmit the associated loadings. For the purpose of analysis, the
most consarvative circumstances of integrity or failure of these elements are
assumed. For instance, a steel roof deck may fail when subjected to the DBT

differential pressure. However, even though the roof deck failure provides

- .
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venting, the tornado lcads are still assumed to exist so that the strength of

sther, stronger structural elements can be analyzed.

for most structures, a wind flow field acting at an angle to the surfaces
of a building is not as demanding as a frontal attack because the elements
resisting lateral forces are oriented and framed so that the effects of
adjacent wall loadings are uncoupled. Likewise, the action of windward face
pressure and leewar? face suction are uncoupled when their actions are
resisted by separate structural elements. The most conservative loading cases

are chosen accordingly.

The goal of analysis is to identify a structure's weaxkest members and %0
establish the threshold wind speed at which these members fail the structural
acceptance criteria [1l7]. This wind speed limit rating depends cn the
postulated loading conditions. Once a limiting member is identified, the
lcading conditicons used to determine subsequent limiting members are in scme
cases modified to account for failure of the weaker member. Therefore,
conclusions about the strength of structural components are based on a

supposition of sequential failure.

The following are typical assumptions for the structural modeling in
this report:
1. No snow load exists during a tornado strike.
2. Thickened floor slabs can be used to transmit lateral loads.
3. Connections are designed in accordance with good engineering practice,
4. Unless noted otherwise, steel roof decking is assumed to remain
intact.
Additional assumptions are identified on the calculation sheets (see

appendices).

3.2 SPHERICAL CONTAINMENT VESSEL

-~

3.2.1 Evaluation

The reactor building is housed in a 130-ft diareter steel sphere with a
skin thickness varying from 0.702 in to 0.875 in. The sphere i3 embedded in
and supported below grade by a concrete foundation. The reactor building is a

concrete structure supporting the reactor and serving as a radiation shield.

P =11~

—
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This internal structure is self-supportive, resting on the foundation and
separated from the containment vessel by a 6-in clearance. At grade level,
the steel shell rests on a sand cushion. The cushion extends 8 ft below grade
and is supported by the concrete foundation. The cushion serves to alleviate
secondary stresses and the restraint of the foundation. The top of the
~ontainment vessel is at elevation 695 £t 6 in, while the adjacent grade is at
elevation 592 ft 6 in.

During construction, the sphere was supported by l4 steel columns
connected at the sphere squator (elevation 630 £t 6 in). These columns are no

longer attached to the sphere.

The containment vessel is jecmetrically an axisymetric shell structure
(radius-to-thickness ratio of 1000) with the axis of symmetry in the vertical
iirection. The ‘'ind pressure distribution on a totally 2xposed sphere varies
from domes of pressure on the upstream and downstream faces centered on the
sh¢ 1 aquator to a torus of suction passing through the sphere poles and
sentered on a meridian perpendicular to the air flow. For an embedded sphere,
the same pressure distribution is assumed to exist over the exposed surface,
with this distribution being rotationally symmetric about an axis parallel to
the air flow and grade line. For the geometry and pressure distribution
described, the stresses are symmetric about a vertical plane centered on a
meridian parallel to the air flow. The shear stresses and normal displacements

along this plane are zero.

To estimate the level of shell stresses during a tornado strike, the
shell is modeled as a structure resisting all loadings by in-plane forces
only. Various integrations of the surface pressure are made to determine the
lateral and uplift forces and the overturning mcments. Meridional and hoop

stresses are calculated thr 'ugh procedures based on membrane theory.

3.2.2 Conclusion

To examine the effects of high wind speeds on the stress levels in the
containment sphere, the CPCo SAR modified the stresses based on a 100 mph wind

by an overload factor. The results of a membrane analysis of the sphere based

o -12-
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on the assumed pressure model indicate that the stresses predicted by the
factor method for a 250-mph windspeed are conservative throughcut the highly
stressed portions of the shell.

3.3 EMERGENCY GENERATOR ROOM
3.3.1 Evaluation

The emergency generator room is located in the screen house/discharge
structure. The walls and floors of the emergency generator [ooOm Consist of
reinforced concrete. The roof is metal-decking supported oy structural steel
beams. The steel beams are supported on reinforced concrete walls. The =cop
of the roof steel is at elevaticn 503 £t with adjacent grade 2t elevaticn 338

£t 6 in.

The Licensee nas submitted a srief summary of the calculations for ths
capacity of the rcof deck, the reinforced concrete wall, and the structura.l
steel roof framing of this structure., The roof deck was found to withstand an
aplift pressure of 34.4 psf (corresponding to a tornado wind velocity of 132
mph) , a more limiting component as compared to the capacity cf the plug

welds. The Licensee analyzed the structural steel roof framing and found that

12l

it can withstand pressure at least 1.5 times the failure pressure of the ¢

n

O

deck. In forming this conclusion, the Licensee has used an allowable bending

stress of 0.90 of the yield stress.

The Licensee found that the west side reinforced concrete wall cf z=he
screen house/discharge structure governs the limiting wind velocity. The
height-to-width ratio of 10-in-thick reinforced concrete west side wall is
0.23, so that “.c¢ tornado dynamic pressure load, the Licensee analyzed the
wall as a cantilever beam secticn supported at the base. But for the pressure
drop case, the Licensee has assumed the walls supported by the roof deck and
m~'eled it as simply supported at both ends. Moreover, the Licensee's
analysis assumes that 1.3 times the pressure load (summation 0.8 times the
pressure on windward side and 0.5 times the pressure of leeward side) can be
resisted by the combined capacity of the windward and lewward walls. The

Licensee has reported that the concrete wall off the emergency generator room

4{;‘.\ - 13-
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~an withstand a tornado dynamic pressure corresponding to 2 wind velocity of
212 mph and a pressure drop of 1.35 psi.

For this review, the allowable pressure that the roof decking can
withstand is converted to wind velocities corresponding to the tornado dynamic
pressure, differential pressure, and high wind dynamic pressure, as shown on
page II-2 of Appendix II. The roof steel was analyzed for uplift pressures,

assuming that the roof deck remains intact.

Similarly, for this review, only the windward side reinforced concrete
wall is assumed to resist a bending moment due to 0.8 times the tornado
dynamic pressur< and the full differential pressure Is resisted conly oy one
cantileverad wall. The bending capacity of the reinforced concrete wall 1=
sonverted to the allowble pressures and corresponding wind speeds on 2age 1i-1

of Appendix [I.

3.3.2 Conclusion

The Licensee found the roof deck and the reinforced concrete 21. to De the
limiting members of this structure. In this review, it was found that the roof
deck has a limit rating of 0.41 psi (108 mph) for differential pressure, 384.4
psf (182 mph) for tornado dynamic pressure, and 61 psf (156 mpn)

m

or high wind

dynamic pressure (since roof deck details were unavailable, this report assumes
no strength reduction due to buckling): t.e concrete wall has a limiz rating of
0.27 psi (87 mph) for differential pressure, 48.2 psf (137 mph) £for tornade

dynamic pressure, and 28.4 psf (104 mph) for high wind dynamic pressuce. The

IS

limiting member of the examined roof steel has limit ratings of 0.94 psi (152
mph) for differential pressure and 193 psf (274 mph) for tornado dyramic
pressure. The corclusions reached in this review are compared with the
Licensee's conclusions in Table 2. In that table, the difference in the
strength ratings for the concrete wall are based on the structural modeling and
not on the section zapacity. (This review agrees with the Licensee's

conclusion on the section capacity.)

S -14-
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3.4 REINFORCED CONCRETE STACK
3.4.1 Evaluation

The stack is a tall, slender, reinforced concrete chimney which is used
to vent the air circulating through the turbine, service, and reactor
buildings and the turbine generator off-gas system to the atmosphere. The
stack is 240 ft high with adjacent grade at elevation 593 ft. The reinforced
concrete chimney has a cylindrical cross section and tapers parabolically with

increasing height.

As described in the D'Applonia Report [26], the foundation of the
structure is a 4-ft-thick reinforced concrete mat that is octagonal in 2lan
(the distance across the flats being approximately 34 £t). The mat is
embedded to a depth of atout 13 £t. The embedded portion 2f the stack

immediately above the mat has an octagcnal axterior and a circular inter:ior,

"

the internal radius ceing approximately 7.8 ft. The diameter at the top of

the stack is about 3.8 £t.

The Licensee has performed the analysis of the 240 ft stack tased on the
provisions of ACI 307-69 [28] and ASCE Paper N¢. 3269 [ll] with the following
exception: instead of using the allowable str:sses specified in the ACI zcde
for normal wind loading, the Licensee has usei an allowable maximum concrete
stress of 0.8 f'c (3.2 times ACI allowable of 0.25 £'c) and an allowable
tensile steel stress of 0.9 fy (2.88 times ACI allowable of 12,500 psi). The
Licensee has used a shape factor of 0.55 instead of 0.7 as specified with
height to diameter ratio between 7 and 25, but the ASCE Paper No. 3263 [11!)

allows using 0.55 as the shape factor for chimneys.

Por the purpose of this report, an approximate profile of the stack was
obtained by calculiating inner and outer diameter from the information
contained in Tahle E-1l and Figure E-5 of Reference 26. This can be found on
pages II-3 through II-4 of Appendix II. Using the grade elevation as the
bDase, an attempt was made to verify the moments and the e/r ratio reported by
the Licensee in the SAR for a 43-psf wind load on the stack. These

calculations can also be found on pages II-5 and II-7 of Appendix II.

P o =15-

—_—
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3.4.2 Conclusion

The Licensee's conclusions stated in the SAR indicate that the stack can
;i:hstand tornado wind loads of up to 175 mph with its base being the most
critical section. Based on the allowable snil pressures and the overturning
moment provided in the SAR, the foundation will be adequate to withstand over-
turning under this load (overstress factor need not de applied to allowable
soil pressure). The design procedures supporting the above cenclusions are
acceptable, as Maugh and Rumman (27] also suggest that, for the maximum stress
condition, a tensile stress near the yield point of the steel can be permittad,
and a compressive stress in the concrete of approximately 0.3 £'c, can be
permitted provided the working stress design bending moments are multiplied ov
appropriate locad factors. But since the tornado event i3 an extreme envircen=-
mental conditicn, the bending moments for tornado loads witaout any lcad

factors should be acceptable as design moments for the stack.

The actual moment calculations, thickness of concrete section, and the
reference base cf the stack should be checked to confirm the findings reported
by the Licensee in the SAR. A judgment based on the audit calculations is
that the actual strength of the stack is less than that reported in the SAR.

3.5 OTHER STRUCTURES

This section discusses the conclusions given in the SAR for the
structuras for which no calculations have been submitted Dy the Licensee in

the SAR. It is based on the limited available information on these structuras.

3.5.1 Solid Radwaste Storage Vault

The solid radwaste storage vault is located approximately 400 £t to the
south of the turbine building. The vaults are primarily below grade wi:h the
bottom side of the radwaste vault floor at elevation 577.75 ft. The — ults
have covers that vary in material and thickness from 1l2-in thick concrete for
the original "low level waste vault," to 36~in thick for the original “"high
level waste vault,® and 6-in thick steel for the new vault. The vault o

structures are enclosed in a steel frame building covered by structural

..u. Franklin Research Center
A Divimon of The Frankiin insutute
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aluminum 3iding. The Licensee has stated in the SAR, the design wind loading

fcr the enclosure structure is 100 mph.

The Licensee evaluation concluded that the 36-in thick concrete cover and
6=in thick steel cover can withstand differential pressure loads greater than
1.35 psi, with maximum wind veloci:y of greater than 250 mph. But the 1l2-in
thick concrete cover could be lifted and could potentially expose the contents
to the environment when differential pressure is about 1.04 psi for a maximum
wind velocity of greater than 250 mph.

For the purpose of this review, it was found that if the 5=-in thick steel

cover is not fastened to the vault, it can withstand an uplif: differential

srassure of 1.7 psi which corresponds to a #ind speed of Il13 mon as shown ¢n

Page II-8 of Appendix II. The l2-in thick concrete cover can witastand upliit

W
&
'

)
e}
W
(6]

v
w
4]
(¥}
LN
i
'

ifferential pressure of 1.04 psi, which corresponds tc
mPh as shown on page II-8 of Appendix II.

‘3.2 Service Building

The service building encompasses the control room, the switchgear,/capls
spreading room, an support facilities. The majority of the service zuilding
exterior walls are a combination of either unreinforced concrete masonry block
or aluminum insulated siding. The roof consists of metal decking and suilt=-un

roofing supported on a structural steel frame [1].

The control room consists of reinforced concrete walls 4-f% s-in

o
o
>

4 ® g

-

the north side, 3-ft-thick on the west side, and l-ft thick on the =as

Qe

o
W
Y

The south side wall is a partition wall with 1/2-in thick steel platz cove

(3}

over the wall. The control rcom roof is a reinforced concrete slap which
varies in thickness from 3 ft to 3 £t 6 in. The Licensee has concluded in the
SAR that the south wall of the control room can withstand a differential

pressure of 0.37 psi.

The service building alsc has numerous internal unreinforced concrete
mazonry block walls which have teen found to vary in their capacity to

withstand differential pressures of J.03 psi to 0.16 psi. The Licensee also

[:; -17‘
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TER-C5257-405

states in the SAR that the limiting element of the structural steel is the
steel bracing on the east side, column line J, which has a capacity =0
withstand 123 mph wind speed.

In this review it was found that the cclumn line J steel bracings on the
esast elevation can withstand a tornado dynamic pressure of 39.8 psf, which
corresponds to tornado winds of 125 mph, and a high wind pressure of 24.9 psf,
which corresponds to high wind speeds of 86 mph, 1s shown on pages II-9 to
1I-11 of Appendix II. The east side reinforced concrete wall of the control
room has a limit rating of 2.6 psi (271 mph) for differential pressure.

- =

3.5.3 Turbine Building Passageway
The turbine building passageway is the link cetween =he r2actor cullding

and the turbine/service opuilding. This structure consists of twe levels: <the
sround level at elevation 533 £t and the second level at slevazion 315 It.

The steam pipe tunnel located on the ground level consists of a 2 £t thick
reinforced concrete roof slabs. A "blowout” panel is also located on the west
exterior wall of the steam pipe tunnel. The penet:a:ion room, also located at
ground level, shares common walls with the steam pipe tunnel on the west side,
the 2lectrical equipment room on the south side, and the stesl spherical shell
on the north side. The east side wall of the penetraticn room consists of

insulated metal siding supported by a structural steel frame.

The second level provides personnel access to the reactor bullding and is

n

enclosed by a structural steel frame with insulated metal siding and i
built-up roof supported by metal decking. The reinfcrced concrete zlad

between the second floor and *he penetration roem is only 4~1/2-1n thick.

The Licensee has reported in the SAR that the concrete walls around the
steam pipe tunnel and the structural steel framing can safely withstand a
design basis tornado with wind speeds of 250 mph and 1.35 psi differential
pressure. But the metal siding can only withstand a pressure drop of 0.24 psi
or wind velocities of up to 138 mph. The blowout panels in the steam tunnel

concrete walls are designed to fail at a differential pressure of 0.3 psi.

P -18-
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TER-C5257-405

In this review, the capacity of the siding was found to be 27.0 psf (102
nph) for ternado dynamic pressure, 0.15 psi (65 mph) for differential pressure,
and 16.9 psf (65 mph) for high wind dynamic pressure (shown in pages II-13 to
I11-15 of Appendix II). The 8W1l3 roof element, loaded by uplift pressures, has
limit ratings of 173 psf (259 mph) for tornado dynamic pressure and 0.84 psi
(154 mph) for differential pressure.

.... Franklin Research Center
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4. CONCLUSIONS

TER-C5257-405

In this section, the results obtained in this review are compared with

those of the Licensee given in the SAR.

which sufficient information was available.

Table 2.

Structure
Zlament

.. Spherical
Containment

Jaessel

& + T & 11
i, steel 3lel.

Room

a. Roof decking

h. Concrete
walls

c. Roof steel

Results from SAR

Maximum Maximum
2ressure Velocity

>1.35 psi >250 mph

2. Emergency Generator

0.46 psi 193 mph

>1.35 psi 212 mph

Table 2 compares those results for

Comparison of Strength Summary of the Structural
Components Given in SAR and this Review*

Results of this Reviaw

Cause of
Failure** Pressure Wind Speed

The membrzane 3tress ncdel
supports the Licensee's

conclusions.
2 0.41 psi 108 mpn
3 60.6 psf 156 apn
1 84.4 pst 32 mph
2 0.27 psi 37 mph
3 28.4 pst 104 mph
48.2 pet 137 mph
J.94 psi 162 mph
1 193 psf 274 mph

* The above comparison is based on the limited information available on various
structural elements and also subject to assumptions given in Section 3 and

Appendix II.
** Key:

dynamic pressure.

failures.

[—".__..

1 = Tornade dynamic pressure; 2 = differential pressure; 3 = high wind

Tangential wind speeds are listed for differential pressure

20
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Structure
Element

3. Reinforced
Concrete Stack

a. 240-ft con-
crete stack

5. Foundation

4. 5So0lid Radwaste
Scorage Vault

a. Original "low
level® vaulc
12=-in thick
soncrete cover

2. New vault
6=in thick
steel cover

5. Service Building

a. Steel bracing
along column
line J

t. East side
reinforced
concrete wall

6. Turbine Building
Passageway

a. Metal siding

b. Roof steel

Results from SAR

Maximum
Pressure

NA

NA

1.04 psi

1.35 psi

0.24 psi

Maximum

Velocity

175 mph

>175 mph

»>230

>250

123

138

TER-C5257-405

Re3ults of this Review

=

Cause of
Failure** ‘ressure Wind Speed

0.9 £y stress in steel and

0.8 £'c stress in concrete ars
acceptable. There are some
calculation errors; the value
of angle a for given 2/r dces
not seem correct.

3 1:04 pad 171 mph
P 1.7 p8&i =19 mph
3 4.9 st 35 mph
i 39.8 psf 125 mph
2 2.6 psi 271 mph
pA .15 psi 635 mph
3 16.9 pst 65 mph
i 27.0 psf 103 mph
< 0.84 psi .54 mpn
1 173 psf 259 mph

The above comparison shows that the wind speeds reported by the Licensee

are not the same as those found in this review for some structures.

In all

cases, the capacity of the structural elements reported by the Licensee in the

SAR was converted to equivalent wind speeds for different modes of failure.

f\‘\\
e —
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APPENDIX A

CALCULATION SUMMARY FOR "'HME STEEL. SPHERICAL 3SHELL

The reactor bullding was ori
27 psig of internal pressure

giA-

}v designed for a 100 mph wingo a~¢

The following stress evaluation {s Lased upon values obtalnec from

*he above reference except that wind stresses are proportionegd

represent stresses induced by a 250 1ph wird.

(250 mph/100 mpr)2 = 6.2

therefyre,

3

250 mph wind stresses = 5.25 x 100 mph maximum wing stresses

K -e
oL* OL* T
Dead Load 0Deag Loacd 250 mph CLellen ooe Jmit Stresses
Stress Metal Insylation Nind T 1 3
.3cation Y . Y Y Y r 1l 2 i
LA-1l) 2 1 2 1 2 1 2 3 ggl asi)
3-7 -32 «77 -4 -4 +52 +52 -25 -.7 «2£ «27
Tas -39 -48 - -2 +150 «152 «:7 +114 33 «.82
8=5 «110 +28 -5 vl +212 +275 «37 +204 *137 «429
3-4 ]88 +143 -7 +»7 +187 +37% +25 «525 +35 +730
43 -295 +368 -13 .18 -38 +568 -384 +954 «492 +1,289
Grage «423 +538 <20 <20 -350 +812 «793 +1,270 «1,025 +1,17C
4' below <495 #6811 <22 +22 -756 +756 1,273 41,389 1,645 +.,79°%
jrade
8' Delow <602 +729 =26 +26 -1,031 +1,031 =1,659 +1,786 =2,142 2,207
grade
(=) compression; (+) tension
*values from Table II(a) (A=1) (A=1)
TE \ -

**5.25 x values from_Table

-\

see L = live load is taken as zero (noc snow loaging)
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CHECK SUCKLING

Thne critical buckiing stress for a spherical segment.

S = 0.35 €&t (A=2)
i =
= ) X 3 '7 = 902& kSi
(65 x

Allowable uniaxial compression s*‘-ess

(0.774)2
Sq = 1,800,000 t2/R = 1,800,000 {Z?%%Tx } = 1,382 psi (A=l)

Under severe loacing: 1.6 x S3 = 1.6 x 1,382 = 2,212 psi (A=32)

Sep > 2,212 psi > 2,143 psi [maximum compri isive stress from tapls or
previous page]

w
[
Y
1]
Y
0

'
“w

Subsequently, no Suckling due to wind locading alone woulc B

nsidered negligidle by compar
ne maximym design internal o°

ADDITICN OF TORNADO-GENERATED MISSILE LOADS TO TORNADO WIND LJOACS

Approximate membrane stress cdue to wind load alene:

w = 0.00256(Vv)2(C)(1ft2/144 in2)
where

= Velocity of tornado (mph) = 250 mgn
Combination of drag and pressure 3i3

coefficients = 0.88 (conservativa) ”

s 65 ft x 12 in/ft = 780 in

= 0.71 in (minimum thickness)

o D 0O<
"

Therefore, Sy = S19 psi for wind only

{Sm }x 10X = &%
°¢cr

The reactor building's resistance to tornado-generated missiles is a
function of the buckling strength of the steel spherical shell.
Therefore, since the wind loading can only be attributed to 6% of tne
critical duckling load, the contribution of the wind to the evaluaticn of
tarnado missile loacing is considered negligible.
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ABPENDIX A

"Structural Design of the 130-foot Diameter Spherical
Containment vessel for the Big Rock Point Nuclear Power Plan
g3

Sy Chicago 8ricge and Iron Company, CB8&I Contract 8-05380, ¢
June 29, 19461

K.P. Bucnert, "Buckling of Shell and Shell-like Structures" 1373

-
~

- ~
.eC

Standard Review Plan (U.S. NRC) Section 3.8.4, Otner Seismic
Category I Structures, Rev 1, July 1981

Tarnado and Extreme Wing Design Criteria, 3echtel Topical

"Wing Forces con Structures" ASCE Paper 3249, 193!
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APPENDIX 3

CALCULATION SUMMARY QOF SCREEN HOUSE/DISCHARGE STRUCTURE

The screen house/discharge structure was analyzed for the effects cf
a tornade avent., The analysis consisted of calculating the maximun
internal ang/or external pressure that a particular structural
scmponent c¢ould carry. These maximum velocity pressures are then
2xgressec as maximum wind velocities.

1. ROOF DECK - UPLIFT

ALLCWABLE UPLIFT PRESSURE: P
Py = Pay + CL of roof

whare

CL of roof = 9.0 psf
Pau = net uplift = Lesser value of Jeck fall
@ Sr2s53U

m
i)
A
I
Ad
L)
u
in
o
o
m
w
w
o
M

"ay = {02 F S (98)(12)(1,000) ) » {Q.92(32,01(0.148838)(9.8213"%
L2 ) 3,167 x 12)°¢ ’
s 50.1 psf = Q.35 psi; governs
wNecre
F, = yield stress for ASTM A-446, grade A s3tee] gdeck - <3l
S = minimum sscticn modulus of 18 ga. walcon-narzow i2
deck - in

L = span between supports - in

PLUG WELD FAILURE PRESSURE

Pay = 1.6 (capacity of weld) = _1.6 (299) s 51.2 ps? = 0.36 psi
.- \&o““ ) EGIZ: \*l‘“d{‘

«Ner

.6 = ince
apacity o

Y =

ease in allowable loag (3-3)
f weld = load per plug weld in accordance with
AIS! Section 4.2.2 - lbs
= 3pan between supports - feet
.143 = Reaction coefficient for a uniformly loaded multiple
span Deam

el
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CORRESPONDING TORNADC WIND VELOCITY: V

Vs '3733%33'3;]1/2 .EU%%%Q! " %:3; ] 172 = 182 mph

from P = 0.00256(V)2 Cp (8-1)
wnere

Cp = external pressure coefficient = 0.7 for suction of flat
roof in accordance with Reference 8-1 Section $:5:.3.2:.

2.  STRUCTURAL STEEL ROOF FRAMING

In accordance with Reference B-2 Section 3.6.5.2, the structural
steel frame was analyzed for 1.5 times the failure pressure of the
roof cdeck, but not to exceed the maximum tornado pressure loaging.

Check Fgy 2 g = {sz §;22}

where
w = L.5 (30.1/1,000) x ‘(Decking span) = </7t
fs = applied pencing stress - «si 4
s = 1.6 times allowable pencging stress in 3ccsrdancs wein
Reference B8-3 Secticn 1.5.1.4 - «s2
Nota: Daflections were neglectec in the analysis.
IHECK MEMBER, W10 x 21

;3 = 20.6 ksi

fo = 10.2 ksi < 20.6 ksi

CHECK MEMBER, W18 x 50

Fn = 24.8 ksi

fo = 20.1 ksi® < 24.8 ksi

*8ending stress due to loads imposec by wl0 x 2.
CHECK MEMBER, W8 x 17

Fo = 19.8 ksi

The structural steel roof frame is capable of supporting 1.5 times
the ultimate load which the steel roof deck can carry.
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3. ROOF HATCHES

As coserved during a field walkdown, the roof hatches are held down
Cy their ceadweight only. (No hold down bolts in place)

Jplift pressure = Hatch Weight
rea of Hatecn

JPLIFT ON 12'<3-1/2" x 6'-6-1/2" HATCH:

Allowable Uplift -{ 1,507 1b }s 19.49 psf = 0.14 psi

Corresponding velocity = [ 19.49 i/2 = 104 mon

JPLIFT ON 5'29=1/2" x 5'29-1/2" HATCH:
Allowable Uplift -{594 1b ;s 20.7 psf = 0.14 psi

—————— e
(5.79)2
-3rresponding Velocity = 20,7 7 «/% s 0T men
j.bazsg \JQ/.J
<atches will remain in place during a 100-ysar rascussing «ing, 34t
13t during a tornado event.

rength of the west wall of the screen house/diesel
tor/discharge structure governs the limiting wind velscity.

The west wall has a height-to-width ratio of 0.23; therefo
wall would not be expected to act as a plate. For analvsi
wide vertical strip was checked.

CHECK ALLOWABLE WIND VELOCITY

Check the wall assuming the roof decking is still i
case, the roof decking and roof cross bracing will
norizontal lcad between the east and west walls (s=2

“ €

(00U w
)
®

-

i G 2
w w o
A ey
W'y w

oy o
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" Solving for P:
P = w -;"u (3)$.;3.7e (8))= 0.154 ksf = 1.07 psi
(L)2 (14)2
NOTE: 1.07 psi is greater than the failure pressure of tne recof gecx
anc the recf hatches. Therefore, the building will be fully ventag

cefore the walls experience the full giffarential atmospheric
cursting prassure.
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APPENDIX C

EVALUATION OF THE 240-FO0T-HIGH STACK

The analysis of the 240-foot-high stack was performed using

ACI 307-69 anad ASCE paper 3269 -ith the following exception: |in
lieu of using the allowable stresses identified in the ACI coce for
normal wing loading, the values for the extreme torrado wing l9azing
were:

Maximum concrete stress = 0.8f', = 2,800 osi
Maximum reinforcing steel stress = o.9fy = 36,000 psi

These values are consistent with the values used by D'Appoleoniz _in
analyzing the 240-foot stack uncge~ extreme eartnguaxe loading.'-"--

Tne critical sections of the stack were determined 2y reviewing tre
original calculaticn anc were found to be 56'-4" above tne pase for
maximum reinforcing steel stresses ancd at tn2 zase for maximum
concrete stresses.

The following outlines tne methed usad in 3n3lyzing tne $%3c« wner
sudbjected tc a 175 mpn wine:
P = aCp 00256 (175)2 (.55

rmining tne stresses at 56'-4" above the sase, the followinng
tion was used:

Moment at 56'-4" above the base = 5,0]1] ft-xinos

N = weight = 364 kips

n = 8

8 = Q0°

p = ,0057

pn = ,0456

a = 55° (nased upon eo/r = 2.11)

Stress at mean diameter of chimney shell:

Flan # , ‘ N(l-COS a)
2rt [(lep) (sin u=a COs a)=pn 1 COS z]

= 119.5 k/ft2 = 830 psi

Stress at ocutside ciameter of chimney shell:

':w . f'Cw 1+ - t
2r (l=Cc0s a)

= 911 psi




Maximum stress in vertical reinforcement

few & D'y [ }oggs a
-C0s &

= 24,500 psi

Tn determining the stresses at the base, the following informaticn wa:
ysed:

weight = 597.2 kips

8

13°

.C067

.0536

639 (pased upon e/T = 2.06)

Moment

R D0 WO =x

Stress at mean ciameter of chimney shell:

2rt[(l-p)(sin a=a cos a) - (l=pecn, (310 3-3
- pn ® cog a)
202.5k/fte = 1,406 psi

tr2ss at outsize giameter of chimney snell:

O

ow

s ¢ n"l & -
. L 2T CoS O (cos G-ccs a) ]

= 1,528 psi

Maximum stress in vertical reinfcrcement:

fou nf'c,[ lecos a
cos 3-C0s ¢

= 33,300 psi

ot
8 |
1]
w
0

WAhen the stack is subjected to the 180 mpn wind, tne following s
result at the base:

f'lew = 1,528 psi
fc' = 1'665 951
fsw = 37,770 psi - exceeds allowable stress
Tne foundation was checked for 175 mph wind as follows:

Total load on the soil (incluging stack, founcation, soil, ancd Sudyan
= 1,970 kips

woment at tne sottom of tne founcation = 11,887 ft-xips

C-2



Since M = 11,887 = 56.03 ft is larger than 1/6 of the base, dimension
" 1,375 (5.72 t4%); full surface contact does not exist.
Maximum soil pressure is determined by: (C~2)

2 = { 2W } = 4.876 k/ft2
a (D -2)

Ahere

scil pressure
weight = 1,970 kips
width

length

M/W

®Ow=x0
U I )

The maximum allowable soil pressure for locacings inclucingﬁwé:c er
seismis, in accordance nitg the original design criteria ‘~=-7/ is
5 k/fté x 1.33 = 6.65 k/ft¢, which is greater than the

calculated maximum scil pressure.
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APPENDIX O

CALCULATION OF ALLOWABLE PRESSURES ON SANDWICH WALL SIDING

The turbine building, service building, and electrical penetration
rzom are all sideg with double-panel sancwich-wall insulatecd
canels. The following calculation was used to determine the
allowable pressure due to wind loading as well as gifferentisl
a:gaspnaric pressures. Corresponding wind velcocities were also
cefined.

SANOWICH WALL SIDING CNNSISTS OF:

0.032-inch thick x 2.67-inch x 7/8-inch deep corrugated aluminum
interior panel, l-inch thick PFS§15 Owens-Cocrning Fiberglass
Insulation, and 0.032-inch thick ALCOA 4-inch ribpec aluminum
exteriar panel.

NCTE: Subgirts not used in wall construction

The following are the four possible loadings or tm2 walls ans new
tney affect the panels:

- "

e exterior wind pressure: 1008
rior panel since insulation b
¢ loag (winaward side).

ive exterior wind pressure: Exteriocr sheet resists 10C% =
2d pressure (leeward).

2. Interior bursting pressure: Pressure dependent on fastzaners.
4. Negative extericr side wall pressure: Same as 2.
NOTES:

1. The allowable pressures were determinec using strangtn =¥
material methods.

(7]
.

2. Use 0.9 x (yield stress)-for allowable stres
CALCULATION OF ALLOWABLE PRESSURE ON INDIVIDUAL =aNELS

4 INCH RIB - EXTERIOR PANEL  Smin = 0.160in2

Lo
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thereforse,
(12) (L)2
= ((25.2 ksi) (8) (0.1501n3)}. 0.047k/ft/ft
l (12) (7.5833")2

“ -{Fb (8) S ) For l-footewice strip

= 47 18/ft2 (maximum pressurs)
where

Fy = 0.9 (Fey) = 0.9 (28) = 25.2 ksi
Fey = COmprcgsive yield stress - ksi

CORRUGATED SIDING - INTERIOR PANEL S pin = 0.0935 in3
w = (25.2) (3) (0.0936) = 0.027k/ft/ft

(12) (7.5833')2

"
r
-
.
¥
~
Ll
r
(N
3
w
x
3
c
3
(9]
'
o
wn
W
I
vy
Ww

CALCULATION OF ALLOWABLE PRESSURE FQR CASE i:
Exteriar canel resists 100% of load.

Maximum allcwable pressure = 47 psf (from above)

47 172 & 151
D)

I

n
3
O

)

Carresponding Wind Velocity a[

CALCULATION OF ALLOWABLE PRESSURE FQOR CASES 2 AND 4:
100% of load on exterior panel.

The allowable leeward or sidewall velocity pressur

0

Corresponding leeward wind velocity = 47 ]lf? = 131 mph
§.00256 (0.3) J
and
Corresponcing sidewall wind velocity = 47 ]1/2 = 162 mph
0.00256 (0.7)

CHECK FASTENER LOADING
FASTENER = Self-tapping screw: No. l4 x 3=-1/2 inch long, hex neac

Type 8, Stainless Steel Type 305, with 0.050"
v 0.825" C.9. aluminum and neoprene washer.

0=-2



Allowable loac/fastener = 0.17 t F
t = 0.032 in

Fey = 30.0 ksi = yleld stress of sicding

NOTE: Fastener capacity is governed by "pull-ov> r" failure.

Allowanle load/fastener = 0.17 (0.032) (30.0) = 163 1b

Allowaple pressure = Eallowab;e loag (1b)] (1.33E §12)
astener spacing n . span (ft)
= §é63) (1.33) (12) )- 34,3 psf = 0.24 psi
. - 3

where

1.33 = load increase factor for wind loading
1.25 = reaction coefficient

Corresponding laeward velocity = 34.3 :~ < = 154 MCNO
Laoqu:O \C.2) J
-
Corresponding side wall velocity af 34,3 1474 s 138 men
|J.002358 (C.7)
SUMMARY OF SIDING ALLCWABLE LOADINGS

ty Reference 0-1 Section 5.3.3

The faollowing tacle summarizes the allowable loads for tne sandwich
siding.

Allowable Allowanle

Pressure velocity

Load Type ps pSi mon Failure Moce*

Windward velocity pressure 47.0 0.33 151 S
(positive)
Leewarda velocity pressure 34.3 0.24 184 s
(negative)
Sidewall velocity pressure 34.3 0.24 138 F
(negative)
Sursting pressure 34.3 0.24 - F

(negative)

*S = S5iding failure
F = Fastener failure (pullover)

D-3



APPENDIX D

References

D-1 Specifications for Aluminum Structures, Construction
Manual Section 1l; 3rd Edition

0«2 Aluminum Standards and Data; 1979
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