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September 1, 1982

Docket No. 50-219
LS05-82-09-005

Mr. P. B. Fiedler
Vice President and Director - Oyster Creek
Oyster Creek Nuclear Generating Station
Post Office Box 388
Forked River, flew Jersey 08731

Dear Mr. Fiedler:

SUBJECT: SEP TOPIC III-2, WIND AND TORNADO LOADINGS
OYSTER CREEK NUCLEAR GENERATING STATION

Enclosed is our final evaluation of SEP Topic III-2. This evaluation
compares your facility as described in the Safety Analysis Report you
supplied on May 7,1981, and other infomation on Docket No. 50-219
with criteria used by the staff for licensing new facilities.

This evaluation will be a basic input to the integrated safety assess-
ment of your facility. This topic may be changed in the future if
your facility design is changed or if HRC criteria relating to this
topic is modified before the integrated assessment is completed.

Sincerely,

Dennis 11. Crutchfield, Chief
Operating Reactors Branch No. 5
Division of Licensing
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Mr. P. B. Fiedler .
,
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cc
G. F. Trowbridge, Esquire Resident Inspector
Shaw, Pittman, Potts and Trowbridge c/o U. S. NRC
1800 M Street', N. W. Post Office Box 445
Washington, D. C. 20036 Forked River, New Jersey 08731

J. B. Lieberman, Esquire CommissionerBerlack, Israels & Lieberman New Jersey Department of Energy.

26 Broadway 101 Commerce StreetNew York, New York 10004 Newark New Jersey 07102-

Ronald C. Haynes, Regional Administrator.

Nuclear kegulatory Commission. Region I
631 Park Avenue
King of Prussia, Pennsyl.vania 19406

J..Knubel '

,

BWR Licensing Manager
- GPU Nuclear

- 100 Interplace Parkway "

Parsippany, New Jersey 07054
,

Deputy Attorney General' "-

State of New Jersey '

Department of Law and Public Safety
36 West State Street - CN 112
Trenton, New Jersey 08625

. -

' Mayor
Lacey Township
818 Lacey Road
Forked fiver, New Jersey 08731 ~.

U. S. Environmental Protection
Agency

- Region II Office *

.

ATTN: Regional Radiation Representative
26 Federal Plaza
New York, New York 10007

.

.

Licensing Supervisor -*

Oyster Creek Nuclear Generating Station
| Post Office Box 388
| Forked River, New Jersey 08731 '
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SYSTEMATIC EVALUATION PROGRAM'

TOPIC III-2 ,

,

0YSTER CREEK

.

TOPIC: III-2, Wind and Tornado Loadings

'
I. INTRODUCTION

The safety objective of this review is to assure that safety-related
structures, systems and components are adequate to resist wind and
tornado loadings including tornado pressure drop loading. .

II. REVIEW CRITERIA

The review criteria governing this topic is General Design Criteria
2 design bases for protection against natural phenomena.

III. RELATED SAFETY TOPICS AND INTERFACES

1. Tornado missiles are reviewed in SEP Topic III-4.A.
2. Structures which are considered safety-related are given in SEP

Topic III-1.
3. Wind and tornado parameters are given in SEP Topic II-2.A.
4. Design codes, criteria and load combinations are reviewed in SEP.

Topic III-7.B.
,

IV. REVIEW GUIDELINES

The currently accepted design criteria for wind and tornado loadings
is outlined in Standard Review Plan Sections 3.3.1, 3.3.2, 3.8 and
Regulatory Guides 1.76 and 1.117. Codes and standards used for the
review of structures at the Oyster Creek facility are given in
Enclosure 1 to this SER.

Site specific windspeed and tornado para' meters were developed in Topic
II-2.A and the appropriate values were identified for use as input to
the wind and tornado loading analyses. Structures important to safety
were reviewed in this topic to determine their ability to withstand
these values from Topic II-2.A. Appropriate values for the Oyster

-Creek site are a 250 mph windspeed (corresponding to 160 psf dynamic
pressure) and a 1.5 psi (216 psf) differential pressure. The evalua-
tion and conclusions are based on a Safety Analysis Report supplied ._

by the licensee, information available on Docket No. 50-219, and the
information developed by the staff given in Enclosure 1 to this SER.
Structural capacities were determined'and are given in terms of
strength and corresponding windspeed. -

.

E -

_ . _ _ _ _ _ _ _ . . _ _ . _ _ . . _ . . .
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V. EVALUATION
I

Enclosure 1 is a report entitled " Wind and Tornado Loadings" presenting !
.

our contractor's findings concerning the Oyster Creek facility. The !

report identifies limiting structural elements and their associated |
'windspeed. No analyses were performed for safety-related systems and

components. Systems and components important to safety not housed ;

within safety-related structures should be addressed by the licensee. j

Original Design and SAR Conclusicns

According to the Safety Analysis Report supplied by the licensee on !

May 7,1981, structures at the site were designed for windspeed of |
100 mph from 0-50 feet above grade and 125 mph from 50-150 feet above i

grade. This corresponds to a building pressure of 40.3 psf and 62.8 psf |
respectively as given in response dated 12/19/67 to staff questions. j
These values are total applied building load which include a gust factor ;

of 1.1 and a shape factor of 1.3 (.8 windward + .5 leeward face). !

Excluding shape factors and back calculating from the values giver, i

results in an upstream pressure of 31 psf below 50 feet above grade and i

48 psf from 50-150 feet above grade. Although not'specifically stated, !
it is assumed that 31 psf and 48 psf were ured in the design of the wall !
panels since this would be in agreement'with normal wind design procedures. |
Allowable stresses were increased by 1/3 for load combinations of !

dead load, live load and wind load. The load combination involving [
wind was dead load plus live load plus wind load. i

!

Although the facility has not been designed for tornado loads the j
,,

licensee has given maximum permissible wind velocity and depressuriza- !
!tion loads based on maintaining stresses less than 90". of yield for

reinforcing steel and 85% cf the ultimate concrete strength and )
including cead loads plus normal o;;erating loads. These values are i

given below. ;

:

Structure Wind (mph) Pressure (psi) I

i

Reactor building - exterior !

conrete walls 300 2.0 |
!

Reactor building - insulated I
-

;metal siding 160 - 0.53

Reactor building - roof decking 280 0.68 r'>
'

Reactor building steel for
craneway enclosure 190* 0.68

'
t . .

Control ruom - north wall 160 0.53'
.. t

remainder 300 2.0 *

j

Intake structure 300 2.0 i

fVentilation stack 180 2.0
4 -

,

| Diesel generator and oil tank
| vaults ** 300 2.0 ;

_ _ _ _ . _ _ _ _ _ - _ _ _ _ _ - - - -. _ - - _ ._ - . - , . - -
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Based on siding drag - without siding, steelwork can withstand*

,300 mph.

Based on other information provided by the licensee dated April 30,**

1982, the licensee states that the north and south walls of the

diesel generator building are capable of withstanding a 240 mph
tornado wind; the east and west walls can withstand 168 mph; and
'the roof can withstand 88 mph. These values include the effect
of tornado missile loading. The values will be higher for wind
loading considered separately. No values are given for differential
pressure.
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The SAR also states that the outdoor service water pumps and startup
transformer are capable of withstanding 200 mph winds and 2 psi pres-,

i sure drop. The licensee also concludes that the likelihood of damage
*

to the spent fuel: pool in the pool area due to tornado effects is'
small.

The ventilation stack was designed per ACI-505 with a design wind;

gust velocity of 110 mph at the base and increasing with height in
accordance with the relation used in ACI-505.

Discussion

Current criteria for straight wind loading'is given in Standard Review
Plan 2.3.1 which references ANSI A58.1. Current criteria requfies de-
sign for strgight wind with a probability of exceedance in one year of
10-2 and 10-' for a tornado. Straight wind loads differ:from tornado '

loads in that straight wind loads are considered in different load
combinations, have different load factors in ultimate strength design
of concrete and have different acceptance criteria than tornado wind
loads. Additionally, straight wind design includes such aspects as
gust factors and variation of force with height whereas tornado design (does not. Buildings at Oyster Creek were originally designed for 100 Jmph winds (40.3 psf total load) from 0-50' and 125 mph (.63 sf total

}load) from 51-150' above grade. ANSI A58.1 specifies a 10- wind of
!approximately 103 mph at an elevation of 30' above grade. .Per current ;

criteria, load combinations involving dead, live, wind, pipe reactions,
!

and thennal are allowed a 30% increase in allowable stresses for con- |
crete structures if working stress methods are used and a 50% increase 1

in stress for steel structures if elastic design methods are used. The
!original design by the licensee utilized working stress design methods

for steel and concrete design; therefore, the load factors used in the ;

original design are the same as current criteria. The magnitude of the !straight wind-loads, excluding localized effects, used in the original :design is comparable to that. required by current criteria. The ANSI-
A58.1 code requires higher localized forces below 50' above grade and

. !
-

~

above 75' above grade than used in the original design; however, using
the basic 10-2 windspeed identified in Topic II-2.A (78 mph) and using
ANSI A58.1 rules for developing forces at various heights results in
the original design exceeding these forces for both local and global
forces at all elevations. The 1/3 increase in allowable stress does not
imply structural failure since increases of 30% a'nd 50% in allowable

!

,

-

stress above code allowable are permitted for load combinations involvin
all operating loads (dead load, live load, wind load, operating pipe '' .g
reaction loads and thermal: loads). Additionally, decreasing the original
design loads such that the 1/3 increase in stress is not allowed results
in a load higher than the load applied from the results of SEP Topic

[

,

II-2. A for a 10-2 wind. This load would be higher for all elevations
tglobally and almost all elevations locally. Since it is uncertain whether i

>

pipe reaction loads and snow loads were included in the original design in
{! combination with wind loads, it may be possible to overstress some

l structural elements if these loads are combined with wind. [
j
>

. ;
,

i
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Although this is possible, it is unitkely to occur for structures that are
able to withstand the design tornado loads since these loads are signifi-
cantly more demanding than the wind loads and would, therefore, provide
tnargin to acco..r.edate pipe react <on loads and snow ' oads with the exception
of some roofs. . Roof members des'gned to carry axia' loads as a result or
wind will have their axial load carrying capacity significantly reduced if
vertical loads that induce bending are present. It should be noted that
straight wind design criteria relied upon is that presented by the licensee
in their Safety Analysis Report and Attachnent 8 to the licensee response
to staff questions dated December.,1979 for buildings and Amendment 22
to the FDSAR for the vent stack. The original design straight wind
loads applied to the stack are comparable to the requirements of ANSI
A58.1,1972 for a basic windspeed of 103 mph and are in excess of that
required based on the site specific windspeed of 78 mph from SEP Topic
II-2.A. The staff determined capacity of 164 mph uniformly distributed
with height would result in a higher applied load at any section than

'

that obtained from ANSI A58.1 for a 103 pph straight wind at 30' above
grade.

The staff has analyzed the reactor building and vent stack to detennine its
ability to resist the design tornado loads. Although the vent stack was
not designed for tornado loads and it is currently not a Category 1 struc-
ture from a systems approach, it is a unique structure whose failure can
affect Category 1 structures. The results of the analysis are shown below
in terms of limiting windspeeds. For elements found to have low tornado
wind resistance, the element was examined for straight wind design per the
requirements of ANSI A58.1. The wind capacity then reported is based on
stress limits for wind design with no allowable stress increase; therefore,
there would be additional capacity than that shown:

TABLE 1
,

Wind Corresponding
Cause of** speed Pressure-

Structure Element * Failure (moh) (psf)

( Reactor building Roof beams 3 68 17
: 2 61 19
| 1 102 27

Columns above .

174 154operating floor 2

| The first element identified for each structure is the limiting element.*

Additional elements that have also been found to be inadequate are.
i

I 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 fo,r
, '

differential pressure fai Jres. ,

|
'

1

. '

!
*

.

!
'

- _ _ _ _ _ .
_ _ _ _ _ , . _ _ __ _ . _ . _
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The results indicate that the reactor building below the operating floor
.is adequate to withstand the design tornado wind and pressure loads. ,

Above the operating floor, structural elements were found to be '

inadequate to withstand the postulated tornado loads with the limiting >

elements given in Table 1. The concern above the operating floor is !

the spent fuel pool since there are no other safety-related systems
or components above this level. The failure of structural elements i

on the spent fuel pool need to be considered. |
iThe ventilation stack was analyzed by 1) working stress methods with

ACI code allowables and 2) working stress methods allowing stress ii
'

in the extreme outer steel to reach yield and extreme fiber concrete
,

to reach .85 fc'. The results in terms of windspeed (mph) are given i

below. I.

Stack
WSD (code allowables) WSD (fy, 85 fe' allowables)

Stack cylinder 138 164
i

The co.nclusions reached by the staff agree with values presented
by the licensee for the reactor building below the operating
floor. Above the operating floor, values for steel capacity obtained
by the staff are significantly less than that presented by the licensee.
Ventilation stack capacity obtained by the staff is less than that
presented by the licensee (164 mph vs.180 mph).

The staff was unable to perform capacity calculations for other structures
due to a lack of information. The staff concludes that there is inadequate
.iustification for some of the conclusions reached by the licensee in the
SAR. These are discussed below.

.

1., The SAR states that " generally, safety-related equipment is enclosed
within safety-related structures." 'The licensee should review
components not enclosed within safetyrelated structures to assure
that all such components have been identified and their capacity
determined.

2. The licensee has not presented information to support their statement
that service water pumps and startup transformer are capable of

.

withstanding 200 mph winds and 2 psi depressurization nor has any
'

inf'ormation been provided to support capacity' values for the intake
structure, oil tank vaults, control room and diesel generator building.

3. The licensee has not provided bases to support their conclusion' that
; stack failure upon the reactor building would not impair the ability

to safely shutdown the reactor. Failure of the stack on the spent
fuel pool or other Category 1 structures or components has not been

.

>- c,
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addressed. Circumferential stresses in the stack were not analyzed.-

* due to lack of infomation concerning placement of circumferential i
reinforcing. '

'

'4. The licensee has not determined the consequences on the spent fuel-

;' pool of superstructure failure. -

5. Capacities for exterior masonry walls have not been given. Since
'

~

no capacities have been given, any exterior masonry walls should .

be assumed to fail during a tornado and consequ'ences determined. *

;
-

:

6. The effect of failure of non-Category 1 structures on Category 1 '

structures (e.g., turbine building on control building) has not
'

i
.

been . addressed by the licensee. | j.

i-
,

'

7. , Roof decks have not been analyzed b~y the staff due to lack of !
information. It is expected that such roofs will have inadequate--

* ability to withstand internal pressure loads. The licensee should .

- determine consequences of,their failure. _ _ _ . _ . ..
- j

. -

;

. .
~8. Except for the stack, foundation and soil capacities were not i

investigated by the staff. The licensee should assure that j
foundation and soil capacities are not limiting.for all structures ;

except the stack. |
.

. - - - ..

- VI. CONCLUSION 3 - |
I. .

It is concluded that some structures and portions of others cannot |
withstand ~the postulated tornado loadings of 250 mph and 1.5 psi. j

'
t.

|In two cases where the licensee results indicated that structural capacity :

.is less than required to resist design tornado loads (i.e., reactor '

j i

building above operating floor and vent stack), the staff ha calculated -

j
capacity less than the value presented by the licensee. For the reactor : ;

building below the operating floor, the staff agrees with the licensee
|

'

-

that design tornado loads can adequately be resisted.- .

|
- -

..

The licensee should either implement modifiEations for..the following i

.

~

structures or demonstrate that the consequences of their failure in j
the event of tornado loads is acceptable:

|
;

- - !- 1. . Reactor building structure above the operating floor.
.

.
"

2. ' Failure of non-Category 1 structures upon Categor[1 structures i
- (e.g., turbine building, vent stack). |

- -

,

1 i'

3. Safcty related equipment not inside qualified structures. '
/

,,
"

4. Exterior masonry walls. -
.

,

,5,. Roof decks on Category 1 structures. j
, , , ,

i.
-

|
'

*
.

_ , _ . __ . . _ _ . _. _ . _ _ _ _ _ _ _ _ . . _ . . . ~ . _ . . . , _ _ _ . _ . _ . - . _ . . .
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The licensee should provide a description of the methods and sample l

calculations used to qualify the following:
.

1. Service water pumps and start-up transformer.

2. Intake structure and oil tanks.
.

3. Control building.

4. Diesel generator building.
.,

The licensee should assure that foundation and soil capacities are
considered in determining limiting capacities for all Category 1
structures and structures whose failure may affect Category 1
structures.. The staff has already investigated the stack foundation
and found it not limiting.
. .

It should be determined whether snow loads, operating pipe reaction
loads and thenmal loads were considered with wind in the original
design. If these loads were not, the effect of combining them should
be addressed.

.

The need for modifications in order for structures, systems and components
to adequately resist wind and tornado loads will be determined during
the integrated assessment.

.

.
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WIND AND TORNADO LOADINGS (SEP, III-2)

JERSEY CENTRAL POWER AND LIGHT COMPANY
'

OYSTER CREEK NijCLEAR GENERATING STATION

NRC DOCKETNO. 50-219 FRC PROJECT C5257
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NRC CONTRACT NO. NRC479118 FRC TASK 402

Prepared by

Franklin Research Center Author: D. J. Barrett
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Philadelphia, PA 19103 FRC Group Leader: D. J. Barrett

j

Prepared for

Nuclear Regulatory Commission |
Washington, D.C. 20555 ,

Lead NRC Engineer: D. Persinko

i

June 8, 1982.

i

This report was prepared as an account of work sponsored by an agency of '

the United States Govemment. Neither the United States Govemment nor >

any agency thereof, or any of their employees. makes any warranty, ex-
.

pressed or implied, or assumes any legal liability or responsibility for any
third party's use. or the results of such use, of 'any information, apparatus,

|
product or process disclosed in this report, or represents that its use by,
such third party would not infringe privately owned rights.
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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 Fj
the NRC.
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, ~' I 1. INTRODUCTION.

'

t

i /.

1.1 PURPOSE OF REVIEW +
j

In the Systematic Evaluation Program, (SEF),ylicensees are required to
establish the ability of Class I structures to safely withstand a high wind or'

!

tornado strike. Af ter conducting an appropriate investigation, licensees f
report the conclusions in 'a safety analysis report (SAR). The purpose of the !
present review 'is to provide a technical evaluation of the SAR prepared by the
Jersey Central Power and Light Company (JCPEL) for the Oyster Creek Nuclear

i
Generating Station [1] . ~

f
. ;

" (
1.2 GENERIC ISSUE BACKGBD'JND !

.

!

Some operating nuclear plants were designed on the basis of local
.

I: building codes which did not consider the effects of the high wind speeds of j
tornadoes. Since the construction of these plants, research has led to an

:
. !understanding of the various phencuena that occur during a tornado strike, ar.d

{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 CBT licensing

f
criteria, the Nuclear Regulatory Crunmission (NRC), as part of the SEP, (
initiated Topic III-2, * Wind and Tornado Ioadings," to investigate and assess
the structural safety of existing designs against current requirements.

'

tLicensees are required to prepare an SAR addressing the concern of SEP (
Topic III-2. The SAR should identify the limiting elements cf the structural f

, design and specify the loading conditions and threshold wind speeds 'at which I

i 3

buildings and components fail. As part of Assignment 14', -Franklin Research !
i

ICenter (FRC) is assessing the adequacy and accuracy of the SARs. Typical
.

items that are reviewed are the tornado load calculations and combinations,'S
the structural acceptance criteria, and the method of analysis. In order to

verify the conclusions on structural strer.gth, an independent tornado analysis
on a sample of Class I structures and compenents is also conducted. ;

t
,

!
:

,

!

!
!

4 _ -1- i
"

U.TU Franklin Research Center'
A Onamen of *he Frarunn ansaame +

'
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1.3 PLANT-SPECIFIC BACKGROUND '

The review of the Oyster Creek SAR was begun in April 1982. Prior to

that time, JCP&L responded to NRC requests for infor: nation by providing
architectural-engineering structural drawings. Additional sources of
information were a JCP&L letter on the SEP structural topics [3] and the plant
final safety analysis report [4]. The conclusions stated by JCP&L in the SAR
are sum:narized in Table 1. Correspondence with NRC [5] established the

reactor building and ventilation stack as the priority review structures.

The original wind loading criteria of the Oyster Creek structural systems
were the structural load provisions of the American Standard Association codes
that were in effect at the time of plant design. These provisions called for

a graded wind load of 30 psf at a 30 ft elevation, to 45 psf at elevations
above 100 ft. The structural acceptance criteria permitted stress levels at a -
33-1/34 increase over code allowables. The criteria for this review are
stated in Section 2 of this report. -
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iTable 1. Summary of Conclusions from Oyster Creek Topic III-2 SAR* !

!
!

t
*

Wind Press ure
[; Class I Structures (ach) (ps i) !

!Reactor Building Exterior Concrete Walls 300 2.0 !+

Reactor Building Insulated Metal Siding 160 0.53 hReactor Building Roof Decking 280 0.96 tReactor Building Steel for Craneway
Enclosure 190** 0.68

Control Roca - North Wall 160 0.53
Remainder 300 2.0 !Intake Structure 300 2.0 [Ventilation Stack 180 2.0 !Battery Room (interior room)

|.Diesel Generator and 011 Tank Vaults 300 2.0

t

*The table lists tne various Class I structures with their respective t

!maximum permissible wind velocity and depressurization values. The
!allowable stresses do not exceed 90% of yield for reinforcing steel and 85% !

- of the ultimate concrete strength and include the combined effect of dead
loads plus normal operating loads. .

-

*

** Based on siding drag - without siding steelwork can withstand 300 mph.
,

!
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2. REVID( 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
10CFRSO, 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 tnese regional parameters are the acceptable regulation levels, Lut
additional analysis may be performed where appropriate to justify the

*

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

tornado parameters to be used in the SEP study of the Oyster Creek plant.

Regulatory Guide 1.117 [81 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 P.La (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 Oyster Creek
plant.

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

..-4-
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in this study were identified by the NRC as part of the SEP assignment [7].
Refere,nces 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 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 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 analysist stresses are calculated
cither 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
!
!etrength 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

|
cystems.

I

i
f

The sotsrces of criteria described above and other source documents used in l

the evaluation are listed below:
;

NRC Regulatory Guide 1.76, " Design Basis Tornado for Nuclear Power i

Plants" [2] ;
i
,

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

NUREG-0800, Standard Review Plan

Section.3.3.2, " Tornado Icadings" [9] !

|Section 3.5.1.4, " Missiles Generated by Natural Phenceena" (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]
1Sectien 3.8.5, " Foundations" {20]

AISC Specification for Design, Fabrication and Erection of Structural
'

|

,/
!

| Steel for Buildings [21] - '
"

ACI-318-77, "Suilding 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]

,

,'
/
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!

.NRC/SEB, " Criteria for Safety-Related Masonry Wall Evaluation,",

Structural Engineering Branch (1981) [23]i
2

j ACI-30 7-79, " Specification for the Design and Construction of Reinforced! Concrete Chimneys" [24].t
!
I
.?

.

4

I
:

:
!
i
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i

i

!

i -

|
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.
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3. TECHNICAL EVALUATION

.

3.1 GENERAL INFORMATION

The structures included in this review are the ventilation stack and the
reactor building. These structures are classified seismically as Category I
Muclear Safety Related. The plan of the building arrangement and an isometric
drawing of the Oyster Creek site are shown in Figures 1 and 2.

The DST characteristics taken as a basis for analysis are (unit
abbreviations are from the SRP, Section 3.3.2):

Maximum wind speed 250 mph
Maximum pressure drop 1.5 psi
Rate of pressure drop 0.6 psi /sec
Core radius 150 ft.

These characteristics yield a dynamic pressure of 165 psf. For applica-

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 O.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 the Standard Review Plan,
Section 3.5.1.4 missile spectrum.,

. Missile C: Steel rod: 1-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-lb
weight, 147 ft/sec velocity; strikes in a zone limited to

. 30 ft above grade. j

I

The full effects of a tornado are experienced by the main structural
memoers only if the skin of the building (walls, panels, roof decks, etc.) can i

'
i

Properiy transmit the associated loadings. For the purpose of analysis, the !

i

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

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

4 -7-
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l'Figure 2. Isometric of Oyster Creek Plant Showing Major Structures
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j venting, the tornado loads are still assumed to exist so that the strength of
other, stronger structural elements can be analyzed.,

i
: 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
i resisting lateral forces are oriented and framed so that the effects of

adjacent wall loadings are uncoupled. Likewise, the action of windward face
pressure ar d leeward face suction are uncoupled when their actions ares

resisted by separate structural elements. The most conservative loading cases
i- are chosen accordingly.

$ The goal of analysis is to identify a structure's weakest members and to
4

} establish the threshold wind speed at which these members fail the structural
1

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 modified to account for failure of the weaker member. Therefore, i
*

'
conclusions about the strength of structural components are based on a'

t

supposition of sequential failure.>

:
t .

-

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).

- I

3.2 REACTOR BUILDING

3.2.1 Evaluation r

The reactor building is primarily a reinforced concrete structure with
the exception of a steel roof deck, which is supported by structural steel
fra:cing . The high point of this building is at elevarion 169 ft 3 in, while

.
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adjacent grade is at elevation 23 f t. The reactor building can be divided

into two sections: the main section, which is below the service floor level

(eleva' tion 119 f t 3 in), and the service floor enclosure (above elevation
119 f t 3 in) .

.

The exterior of the main section consists of thick reinforced concrete
walls framing into the concrete floor slabs, beams, and columns. These
clements 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-12 through
A-14 of Appendix A. Since the vertical section showed adequate reserve acment
capacity, the capacity of a horizontal section was not calculated.

The concrete columns of the main section were checked for stability and
capacity. The critical members were chosen on the basis of the smallest
cection and least reinforcement. The members selected were columns A-1 and

P

L

A-4 - (see building plan on page A-2) . The dead and live loads on the coluuns,

were taken as those values reported in Reference 4. The wind 1 cads acting on
the wall panels adjacent to the columns are transferred to the columns as
reactions, producing acments in the columns. The columns are taken as

cupported between successive beam and floor slabs. The column analysis and
calculation are given en pages A-1 through A-11.

The service floor enclosure consists of insulated metal wall panels and
UK 16-16 Q roof sections supported by a framewcrk of columns and trusses. To
analyre the capacity of the roof steel, the steel deck is assumed to remain
intact. Also, wnen examining the capacity of the columns, it is assumed that
the metal panels do not fail. The analysis of the structural steel elements
cf the service floor enclosure are presented on pages A-15 through A-21.

/

3.2.2 Conclus ion

The reinforced concrete elements of the main section can safely withstand
the tornado loadings. The limiting elements of the roof steel are the 12B19
beams, which have limit ratings of 0.131 psi (61 mph) for differential

-11-
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pressure, 26.7 psf (102 mph) for tornado dynamic pressure, and 16.8 psf (68
mph) for high wind dynamic pressure. The limiting elements of the roof-

: supports are the north and south side steel columns which have a limit rating
i of 1.07 psi (174 mph) for differential pressure, but can withstand the full

tornado and high wind dynamic pressures.

3.3 VENTILATION STACK

3.3.1 Evaluation

The ventilation stack is an unlined, free-standing axisym:netric
reinforced concrete structure. The top of the stack is at elevation 391 ft
with grade at elevation 23 ft. The outer diameter at the top is 9 f t 6 in
with 6-in-thick concrete. The outer diameter at the top of the foundation
(elevation -3 ft) is 31 ft 8-3/4 in with 18-in-thick concrete For.

calculation of the diameter of the stack at intermediate sections, it is
assumed that the outer surface is smooth. In the event of a tornado strike, '

the stack can be subjected to pressure as high as 112 psf, corresponding to a
250 mph tornado and 0.7 shape factor.

The stack has been analyzed by a working stress design technique. This
method is given in the American Concrete Institute Code (ACI) 307-79 [24].
Two sections, one at 233 ft and the other at 278.1 ft below the top of stack,
were found to be the most critical. These sections were reanalyzed by

{
increasing the allowable stresses in reinforcing steel to its yield strength
(fy) and in concrete to 0.85 times the compressive strength (f'c). The stack
analysis is given on pages B-1 through B-4 in Appendix B.

The section at 338.2 f t below the top of stack has three openings. For
the purpose of analysis, the openings were gro~uped to form one equivalent
opening, with an opening angle of S = 49.8'. Also, the secti~on at 386.5 f t
below the top of stack, which is below grade, has two openings. These

'

two openings were also grouped for the purpose of analysis yielding an equiv-
alent opening angle of S = 42.1*. Additional reinforcement is provided
around each opening. Analysis shows that even under the conservative assu=p-
tion of grouping the openings together, these sections are not the most
critical. ,

-12- '
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The foundation pedestal is hexagonal in shape with each side measuring 18
f t 7-2/2 in. The pedestal is a reinforced concrete block 7 ft thick, and

'

rests on a soil with a bearing capacity of 13 ksf. Tc determine the
resistance to overturning moment, the axial stress due to the dead weight of
the stack and concrete pedestal, plus the flexural stresses due to the wind
forces, were balanced against the soil bearing capacity. These calculations
are shown on pages B-5 to B-6.

3.3.2 Conclusion

It was found that the stack cannot withstand the full tornado dynamic
pressure. Using the allowable stresses in reinforcement and concrete,
cccording to ACI 307-79 (24], it was found that the sections at 233 f t and
278.1 f t below the top of stack were limiting and can withstand a tornado
dynamic pressure of only 48.8 psf at a 138 mph wind speed. Tne section at
278.1 f t below the top of the stack was found to be the limiting section when
the code allowable stress was increased to 0.85 f'c in concrete and yield
otress in reinforcing steel. For these increased stress levels, this section
can withstar.d tornado dynamic pressure of 68.6 psf at a 164 mph wind speed.

The equilibrium model for the stack foundation-shows that the foundation
was not the limiting design component. The stack foundation can resist an
overturning movement due to a dynamic pressure of 93.7 psf at a 191 aph wind
cpeed.

.
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4. CDNCLUSIONS

The results of the tornado structural analysis for the reactor building
and ventilation stack are summarized in Table 2.

Table 2. S$rength Summary of the Structural Components Analyzed

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

Reactor Bu11 ding 12B19 Roof Beams 3 68
2 61
1 102

North and South Side 2 174
Steel Columns

Concrete Walls and - -

Columns *

!

Ventilation Stack *** Concrete Shaft 1 138
(When analyzed by

ACI 307-79
allowables)

f
Conerete Shaf t 1 164

1(When analyzed '

with increase in
allowable stresses)-

.

Concrete Foundation 1 19 1
!

- i

*The first element identified for each structure is the limiting element. !

Additional elements that have been found to be inadequate are subsequently
,

!
listed.;

~ Note that this table does not imply that all inadequate elements
j 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.
!

t'

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

[pressure failures.
t

***The resistance of the stack to circumferential stresses cannot be
determined because the placement of the hoop reinforcement is not known. , i

!
!

*
,

'
' .
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) It is pointed out that the roof deck itself was not analyzed but that the
|
L underlying structural support, the 12B19 roof beams, were included in this

h s tudy.- Also, while the wall panels were not analyzed, the panel fasteners,
girts, and panels of a comparable siding system reviewed in a previous study
[25] were found to have limited tornado loading resistance (limiting element i

tailed at 48 mph wind speed for tornado differential pressure) .
;

While not specifically reviewed, an additional area of concern is the i
;

control room, which is located on the east side of the turbine building (see
Fig 2re 2). The north and south walls of the centrol room are exposed to the

;

atacaphere. The south wall and part of the north wall are constructed of ,

reinforced concrete block, a structural component which typically has limited -

-

tornado resistance. The common wall (west) between the turbine building and
the control room is also ccastructed of concrete block and has glass panels '

tnat will be subjected to differential pressure loadings with failure of the
t

skin of the turbine building. -

A comparison of Table 1 with Table 2 and the above comments shows that

for other than the concrete structures, the strengths claimed for structural
i
:

components in the Oyster Creek SAR are in conflict with and greater than the
strengths found by the analysis presented herein.

:
!
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