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FOREWORD

t

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 established by

i the Rc.
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1. INTRODUCTION

~

1.1 PURPOSE OF REVIEW

In the Systematic Evaluation Program (SEP), licensees are required to

establish the ability of Class I structures to safely withstand a high wind or

tornado strike. After conducting an appropriate investigation, licensees

' report their analyses and conclusions in a safety analysis report (SAR). The

purpose of the present review is to provide a technical evaluation of the SAR

prapared by Commonwealth Edison Company (CECO) for the Dresden Nuclear Power

Station, Unit 2 [1] .

1.2 GENERIC ISSUE BACKGROUND

Some operating nuclear plants were designed on the basis of local

building codes which did not consider the effects of the high wind speeds of

tornadoes. Since the construction of these plants, research has led to an

understanding of the various phenomena that occur during a tornado strike, and

this knowledge has been incorporated into the definition of a design basis'

tornado (DBT) in Nuclear Regulatory Guide 1.76 (2]. Due to the concern

regarding the extent to which older nuclear plants can satisfy DBT licensing

criteria, the Nuclear Regulatory Commission (NRC), as part of the Systematic
,

Evaluation Program (SEP), initiated Topic III-2, " Wind and Tornado Loadings,"
to investigate and assess the structural safety of existing designs against

current requirements.

Licensees are required to prepare an SAR addressing the concern of SEP

Tcpic III-2. The SAR should identify the limiting elements of the structural

design and specify the loading conditions and threshold wind speeds at which

buildings and components fail. As part of Assignment 14, the Franklin

Research Center (FRC) is assessing the adequacy and accuracy of the SARs.

Typical items reviewed are the tornado load calculations and combinations, the

structural acceptance criteria, and the method of analysis. In order to

verify the conclusions on structural strength, a tornado analysis on a sample

of Class I structures and components is also conducted.

-1-
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1.3 PLANT-SPECIFIC BACKGROUND

Evaluation of the Dresden Unit 2 SAR was begun in May 1982. Prior to

that time, CECO responded to NRC requests for information by providing |

architectural-engineering structural drawings. Additional sources of

information were a CECO letter on the SEP structural topics [3] and the

Dresden Unit 2 final safety analysis report (FSAR) [4]. The conclusions ,

stated by CECO in the SAR are summarized in Table 1. Based on a visit to the

Dresden Unit 2 site [5] and consultation with the NRC Lead Engineer, the
reactor building, the high pressure coolant injection pump building, the

diesel engine room, and the crib house were established as the primary
structures for review.

All structures at Dresden Unit 2 were designed to Uniform Building Code

criteria [25] and constructed to withstand the maximum potential loading that

results from a wind velocity of 110 mph [4] . The Dresden Unit 2 SAR states

that the current NRC requirement for a DBT of 360 mph has been replaced by a
DBT of 337 aph for the purpose of that review [1] .

i

|

|
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Table 1. Summary of Conclusions from Dresden Unit 2 SEP Topic III-2 SAR

Class I Structures Capacity

1. Reactor Building

a. Reinforced concrete shear Tornado winds of up to 500 mph
walls below refueling !

floor (Elev. 613 f t 0 in)

b. Structural steel superstructure Tornado winds of up to 250 mph *

above refueling floor

(Elev. 613 ft 0 in)

c. Blow-off metal siding panels Wind differential pressure of
on structural steel superstructure 70 psf (117 aph)

2. Cribhouse (reinforced concrete slab Tornado pressure drop of 3 psi
2 f t thick at grade elev. 517 f t)

I 3. Off-Gas Filter Building Not required for safe
~

( shutdown of the reactor

4. Turbine Building

| a. Reinforced concrete shear walls Tornado winds of 500 mph

|
| b. Steel superstructure above Tornado winds of 250 mph '

| the main floor

I
'

**5. Ventilation Chimney Tornado winds of 300 mph

!

* It should be noted that the review of design of steel structures was
conducted for windspeeds of 300 mph, as is stated in ~%e Final Safety
Analysis Report. Bowever, the state-of-the-art design did not consider the
specific form of pressure coefficients for exposed structures as has been
recommended since by the Standard Review Plan. When coefficients t.f ASCE

j Paper No. 3269 (11] are used, the steel rating is determined to be 250 mph
' using the same standard criteria in the original design.

**The ventilation chimney has not been identified as a Class I structure in
the Dresden Unit 2 SAR [1] . But in Reference 3, it is mentioned that the
ventilation chimney shell remains intact at a wind velocity of 300 mph.

4 -3-
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2. REVIEW CRITERIA

.

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

10CFR50, Appendix A [6] regulate the designs of these safety systems; in
particular, GDC 2 requires that structures housing safety-related equipment be , ,

able to withstand the effects of natural phenomena such as tornadoes. The

design basis must consider the most. severe postulated tornado as well as the
combined effects of tornado, normal, and accident conditions.

Regulatory Guide 1.76 defines a DBT in terms of the parameters of maximum

wind speed, maximum differential pressure, rate of pressure drop, and core
radius, given with respect to geographical location. The specified magnitudes
of these regional parameters are the acceptable regulation levels, but
additional analysis may be performed where appropriate to justify the
selection of a less conservative DBT. In Reference 7, the NBC established the

tornado parameters to be used in the SEP study of the Dresden 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 Dresden Unit 2.

With the dynamic pressure and air flow assumptions from the SRP, Section
3.3.2, and with the aid of Reference 10, a velocity-pressure distribution

model 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 11 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 I

|
,

1

6 -

rddin Research Centet
A Dhanson of The Frermaninsomme

- . - , _ - _ - _ _ _ _ . . _ . - . - _ _ - _ - . , _ - . . _ _ - _ , . . . . ,



c
-

. .

TER-C5257-401

in this study were identified by the NRC as part of the SEP assignment [7].

References 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 effects with the loads resulting from wind

and differential pressur es.

'Since tne DBT is considerer an extreme environmental event, tornado-

induced loads are part of the loading combinations to be used in extreme

environmental design (see Article CC-3000 in the ASME Boiler and Pressure

vessel Code [16] and the SRP, Section 3.8.4 (17]). The structural effects of

these loading combinations are determined by analysis; stresses are calculated

either by a working stress or ultimate strength method, whichever is .

appropriate for the structure under consideration. The ASME Code specifica-

tions for an extreme environmental event permit the application of reserve

strength factors to allowable working stress design limits, and also permit

local strength capacities to be exceeded by missile loadings (concentrated

loads) provided that this causes no loss of function in any safety-related

systems. _
_ __.

--

The sources of criteria described above and other source documents used in
the evaluation are listed belows

NRC Regulatory Guide 1.16, " Design Basis Tornado for Nuclear Power
| Plants" [2]
1

NRC Regulatory Guide,1.117, " Tornado Design Classification" [8]

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 3.8.1, " Concrete Containment" [19]
Section 3.8.4, "Other Seismic Category I Structures" [17]
Section 3.8.5, " Foundations" (20]

AISC Specification for Design, Fabrication and Erection of Structural
Steel for Buildings [21]

ACI-318-77, " Building Code Requirements for Reinforced Concrete" [22]
ASME Boiler and Pressure Vessel Code, Section III, Division 2 (ACI-359),

" Standard Code for Concrete Reactor Vessels and Containments" (16]

-5-4
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NBC/SEB, " Criteria for Safety-Related Masonry Wall Evaluation,"
Structural Engineering Branch (1961) [23]
ACI-307-79, " Specification for the Design and Construction of Reinforced
Concrete Chimneys" [24].

t

i

!

!

.i
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3. TECHNICAL EVALUATION

3.1 GENERAL INFORMATION

The structures evaluated in this review are the reactor building, the high

pressure coolant injection pump building, the diesel engine room, and the crib

house. These structures are seismically classified as Category I, Nuclear [
Safety-Related. The site plan for Dresden Unit 2 is shown in Figure 1.

The DBT characteristics taken as a basis for analysis are (unit abbrevia -

tions are from SRP Section 3.3.2):
,

Maximum wind speed 360 mph
Maximum pressure drop 3.0 psi
Rate of pressure drop 2.0 psi /sec

Core radius 150 ft. ,

These characteristics yield a dynamic pressure of 332 psf. For

application 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 the cylindrical ventilation stack is 0.70. Gust factors for tornado

loadings are taken as unity.

The design basis missiles are C and F from SRP Section 3.5.1.4 Missile

Spectrum:

Missile C: Steel rod: 1-in diameter, 3-ft length, 8-lb weight, 220 j

ft/sec velocity; strikes at all elevations. I

Missile F: Utility pole 13.5-in diameter, 35-f t length,1490-lb

weig ht, 147 f t/sec velocity; strikes in a zone limited to |
30 ft above grade. +

,

| The full effects of a tornado are experienced by the main structural !

l I

members only if the skin of the building (walls, panels, roof decks, etc.) can j

properly transmit the associated loadings. For the purpose of analysis, the |

( most conservative circumstances of integrity or failure of these elements are |
assumed. For instance, a steel roof deck may fail when subjected to the DBT |

t

i

|
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differential pressure. However, even though the roof deck failure provides
venting, the tornado loads are still assumed to exist so that the strength of
other, 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 *

I adjacent wall loadings are uncoupled. Likewise, the action of windward face

pressure and leeward 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 weakest members and to

establish the threshold wind speed at which these members fail the structural

acceptance criteria (17]. This wind speed limit rating depends on the
postulated loading conditions. Once a limiting member is identified, the
loading conditions used to determine subsequent limiting members are in some
cases nodified to acccunt 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 practicej

4. Unless noted otherwise, steel roof decking is assumed to remain intact.

Additional assumptions are identified on the calculation sheets (see

|
appendices).

1
1

3.2 REACTOR BUILDING

3.2.1 Evaluation
|
|

The reactor building is primarily a reinforced concrete structure with
|
| the exception of a precast concrete roof decking, which is supported by
1

structural steel freming. The high point of-this-building is at elevation

_nklin Rese_ arch _ Center.
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658 f t 6-1/2 in, while adjacent grade is at elevation 517 f t. The reactor

building can be divided into two sections: the main section, which is below

the refueling floor level (elevation 613 f t), and the refueling floor
enclosure (above elevation 613 f t) .

The exterior of the main section consists of thick reinforced concrete
walls framing into the concrete floor slabs, beams, and columns. These
elements were examined for the critical load case of differential pressure

loads. Each panel is assumed to transfer loads in the horizontal direction to
.- the nearest columns and in the vertical direction to the adjacent thickened

floor slabs. The analysis of the panels can be found on pages A-4 through A-6
of Appendix A.

The concrete columns of the main section were checked for stability and

capacity. The critical members were chosen on the basis of the smallest
section and least reinforcement. The column dead and live loads were reported

by Sargent and Lundy Engineers [5] . The wind loads acting on the wall panels

adjacent to the columns are transf erred to the columns as reactions, producing
--- moments in the columns. The columns are assumed'to be supported between

successive beam and floor slabs. The column analysis and calculations are

given on pages A-7 through A-11 of Appendix A.

| The refueling floor enclosure consists of insulated metal wall panels and
a precast concrete slab roof supported by a framework of columns and trusses.
To analyze the capacity of the roof steel, the precast concrete roof slab is
assumed to remain intact. Also, when examining the capacity of the columns,

it is assumed that the metal panels do not fail. The analysis of the
,

; structural steel elements of the refueling floor enclosure are presented on

I pages A-12 through A-24 of Appendix A. The Dresden 2 SAR [1] states that the
metal wall blow-off panels will fail when a wind differential pressure of 70

psf is reached. The capacity of the metal wall panels was not reviewed.

|

4
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3.2.2 Conclusion

The reinforced concrete elements of the main section can safely withstand

the tornado loadings. The limiting elements of the roof steel are the 14WF30

beams, which have limit ratings of 2.08 psi (342 aph) for tornado dynamic

pressure, and the roof bracing system, which has a limit rating of 294 psf

8(339 aph) for tornado dynamic pressure. The limiting elements of the roof

supports are the east side steel columns, which have a limit rating of 65.8

psf (160 mph) for tornado dynamic pressures. The steel columns on the south

side have a limit rating of 199 psf (279 aph) for tornado dynamic pressure.

3.3 CRIS HOUSE

3.3.1 Evaluation

The crib house is located north of the turbine building, and serves as an

I intake and discharge water supply structure. The underground portions of the
i

structure are below the grade elevation of 517 f t. The above grade portions

of the structure have a pre' cast concrete roof with a high-side elevation of

541 ft and a low side elevation of 530 ft 6 in.

'
The safety-related components of the crib house are located 8 f t below

ground level in an area surrounded by reinforced concrete walls 3 f t tL ek and

a reinforced concrete grade slab 2 f t thick [1]. The structure above grade is

a concrete block wall enclosure with a precast concrete slab roof supported by

structural steel framing. This structure is assumed to fail during a tornado

strike so that the reinforced concrete grade slab is subjected to the cornado

loadings as well as to any additional loading caused by failure of the

superstructure. It is assumed that the concrete block wall fails onto the

concrete grade slab. The analysis of the grade slab is given on pages B-1 to

B-5 of Appendix B.

|

3.3.2 Conclusion

The reinforced concrete grade slab at elevation 517 f t can withstand the

tornado loadings as well as any additional loadings resulting from failure of

the concrete block wall.

4 -11-
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3.4 HIGH PRESSURE COOLANT INJECTION PUMP BUILDING

3.4.1 Evaluation

The high pressure coolant injection (HPCI) pump building is located south
of the Dresden Unit 3 reactor building. This building houses the standby

diesel generators and other safety-related equipment for Dresden Units 2 and
I3. The top of the reinforced concrete roof slab is at elevation 526 f t 6 in,

while adjacent grade is at elevation 517 f t. This building has two subgrade

levels: the lower floor is at elevation 476 f t 6 in, and the upper floor is

at elevation 504 ft 6 in.

The exterior walls of the building are made of reinforced concrete 3 f t

thick. The floor slab at elevation 476 ft 6 in is a reinforced concrete slab
4 f t thick and the floor slab at elevation 504 f t 6 inches is a reinforced
concrete slab 3 f t thick. The reinforced concrete roof slab is 1 ft thick and
supported by reinforced concrete beams and columns.

The capacity of the roof slab and the walls have been examined to

determine whether they can withstand the pressure drop caused by a tornado.
The wall section was assumed to be fixed at elevation 504 ft 6 in and modeled
as a cantilevered beam. The analysis of the roof slab and the wall section is

given on pages C-1 to C-10 of Appendix C.

3.4.2 Conclusion

The reinforced concrete roof slab of the EPCI pump building can withstand

the uplift load due to a differential pressure loading. The reinforced

concrete exterior walls can safely withstand all tornado loadings.

3.5 DIESEL ENGINE ROOM

3.5.1 Evaluation

The standby diesel engine room is located in the southeast area of the

turbine building. The south wall of the diesel engine room is the exterior wall

of the turbine building. The other three walls are composed of reinforced

concrete and are located _inside the turbine huilding. .The roof slab of the

.

I-12-

nkHn Research Center
% w w rrwan !

l
'

. -. . - .-. - -. . - - - , ._. , .. . _ _ . _ _ . - _ . ._ -. -



- - - . - . .

. .

|

TER-CS257-401

diesel engine room is at elevation 538 f t, while the adjacent grade is at

elevation 517 ft. The diesel engine room is adjacent to a rolling steel door

which opens onto the interior of the turbine building. If the rolling steel

door fails during a tornado, the interior walls will be exposed to

differential pressures.

In determining the capacity of reinforced concrete walls, all axial loads

are assumed to be transferred to the. columns of the turbine building. Since

the concrete walls are reinforced both vertically and horizontally, the walls

have been modeled as two-way slabs. The analysis of the diesel engine room is

given on pages D-1 to D-7 of Appendix D.

3.5.2 Conclusion

The reinforced concrete wall on the south side of the diesel engine room

can withstand all tornado loadings. The east side wall has a limit rating of
.

1.15 psi (180 mph) for diff : r.tial pressure.

,

l
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4. CONCLUSIONS

The results of the tornado structural analysis for the reactor building,

crib house, HPCI pump building, and diesel engine room are summarized below in

Table 2.

:
Table 2. Strength Summary of the Structural Components Analyzed

Wind Speed
Structure Element * Cause of Failure ** (mph)

__

Reactor Building

a. Above refueling 14W30 roof beams l' 342
floor elevation Roof bracing system 1 339***

613 ft East side steel columns 1 160
South side steel columns 1 279,

b. Below refueling Reinforced concrete - -

floor elev 613 ft walls and columns

Cr.ib House Reinforced concrete - -

roof slab

HPCI Pump Building -

Reinforced concrete - -

roof slab and walls i

Diesel Engine Room South side reinforcei --

concrete wall
East side reinforced 2 180

i concrete wall

!
|

'

*The first element identified for each structure is the limiting element.
Additional elements found to be inadequate are subsequently listed. Note
that this table does not imply that all inadequate elements have been
identified or that entries are listed with respect to the most critical
loading combination. Structural details not included in this review are
windows, doors, and roof decks.

** Key: 1 = tornado dynamic pressure; 2 = differential pressure; 3 = high wind
dynamic pressure. Tangential wind speeds are listed for differential

|
pressure failures.

***The strength listing is based on the integrated capacity and action of all
components in the roof bracing system.
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