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| FonEWORo’; T

Hazard probab111ty assessment for tornadoes and other extreme w1nds ‘;
| ifat the Dresden nuc]ear power reactor s1te are presented here1n at the

':request of Robert F Abbey, Jr , S1te Safety Research Branch D1v1s1on

- 1' of Reactor Safety Research u. S Nuc]ear Regu]atory Comm1ss1on .The;

J'-work 1s supported under NRC Contract NRC 04 76 345 Pr1nc1pa1 Invest1-"q'

:“”'Cgator and PrOJect Manager for the Instltute for D1saster Research is b

a;:James R. McDona]d P.E..




-I.V'INTRODUCTION

The obJect1ve of th1s report 1s to assess tornado and straight

.w1nd probab111ty hazards at ‘the Dresden nuclear power reactor s1te )
j'(See F1gure 1) The hazard probab111ty anaTyses are deve]oped us1ng
;istorm records from the geographical reg1on surround1ng the S1te N1nety;‘:
~if1ve percent’ conf1dence 11m1ts on the probab111t1es are presented to . |
: g1ve an 1nd1cat1on of the accuracy of the expected hazard probab111t1es
The f1na] hazard probab111ty modeT is presented graph1ca1]y in
'.Flgure 6. W1ndspeeds correspond1ng to se]ected probab111ty values are

' summarized-1n Tab]e 8. The basic data used in the calculat1ons are .

) presented 1n th1s report Der1vat1on of the tornado hazard-assessment,_
:methodology, the rat1ona1e and assumpt1ons are g1ven in McDonaTd (1980)'-
- Use of the T/pe I extreme vaTue d1str1but1on funct1on for stra1ght w1nd

':ff,hazard assessment is- weT] documented in. S1m1u and Scan]an (1978)
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IT. ' TORNADO HAZARD PROBABILITY ASSESSMENT .

LA METHODOLOGY

“‘The tornado hazard mode] deve]oped by the Inst1tute for D1saster _

'”f‘:f_Research (IDR) accounts for gradat1ons of damage across the tornado path o

"~j,:fcw1dth and a]ong 1ts 1ength (McDona]d 1980) < There are four bas1c steps'

ﬂ1nvo]ved in the methodo]ooy

B ,(1)3'Determ1nat10n of an area-1ntens1ty relat1onsh1p 1n a g]oba]
. regiom surround1ng the 'site of 1nterest : : .
A.(Z)‘ Determwnat1on of an occurrence-1ntens1cy reTat1onsh1p in a ]oca]l.
o reg1on surround1ng the s1te . s : :
(3);aCa1cu1at1on of- the probab111t1es of a point within the 1oca1

L

:jreg1on exper1enc1ng w1ndspeeds 1n some w1ndsoe°d 1nterva1

i‘ :(4)d:

Determ1nat1on of the. probab111ty of w1ndspeeds in the local
‘reg1on exceed1ng the 1nterva] va]ues _

R CALCULATIONS
o S1te
‘f”Dresden Nuclear Power Generat1ng Stat1on'}vf”"d'v L

;edCoord1nates

. Latitude - 41° 23 23m N

ﬁﬂdeng{tuae 880 ]6"]7n w=

.:‘Area-Intens1ty Relat1onsh¥g

. 'G10ba] Reg1on

Lat1tude 39 to 44° N ”
Long1tude 84° to 90 w

_»Per1od of Record

DAPPLc Toroado Oata Tape UT16/8 (Fujita;”epzal.,'197s)v,

1971 = 1978
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See Figure 1-for definition of the global region. The region is
selected to be as large as possible and still give reasonably homoge-
nous conditions for tornado formation. The relatively short period
of. record ‘is used because the data are more complete and accurate
than that collected prior to 1971, especially with regard to tornado
~damage path characteristics. The area-intensity matrix is shown in
~ Table 1. It gives the number of tornadces in each corresponding

_;area-1ntens1ty classification.” From this information, the mean
r‘damage path area per F-scale can be obta1ned . o '

TABLE 1
AREA-INT:NSITY MATRIX

S Number of Tornadoes*

~ Area f; S v-f‘ R S Mean Area’
~ Interval -~ FQ-. F} F2  F3 - F4. c_{sqmi)
o9t 28 e\ 3 /316E-02
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L *Those tornadoes outs1de the dashed 11nes are cons1dered outliers{’
and have been e11m1nated from’ the data set -

o ';MeavnifDam?éé:; Pa,tﬁf Are,a-,-fip}e'r" fFﬂ-’SCaTé-f "

..;Fo;. R F2 o F3 - F& - F5

,TWean Area, f, o L L
sqmio . 0268 - 074957 0.4141° 3.3729° 20,826 3.160

'_-Med1an

- Windspeed,”

. mphi - :_ef’fSS'g"V:92;5?"}‘1354’f‘ 182 233.5° 2895 . -

,316;;01{;5f:5', .

3166703 1



Area-Intens1ty Functlon

" Linear regress1on ana1ys1s of the above area 1ntens1ty data,
based on a 1ong -log . plot, y1e1ds the fo]1ow1ng funct1ona1

. relationship:-

" Log (Area) =

'3.744'Log V -8.173 -

(j):"

" The coefficient of determination is .

r%= 0,974

Area Intens1ty Relat1onsh1p

- The expected mean ‘area. is obta1ned from ‘Equation (1) above.
Upper and lower bound confidence limits are calculated at

- the 95 percent level.

These -values are shown in Table 2.

Figure 2 shows a p1ot of the area- 1ntens1ty relat1onsh1p

“TABLE 2

AREA INTENSITY RELATIONSHIP WITH'

o 95 PERCEVT CONFIDENCE LIMI|S

. .Expected Mean
R area,‘a ;. squi'

" Lower L1m1t a5, -
sqmi

Upper 11m1t 24

©ooosqmi

Median F-scale

- Windspeed mph

FO . FT T F2

.0236" 1546 6367 ;
"fuo1j9'l .0783 3221
087 305 1.258

56 925 135

. 'Occurrence-Intens1ty Re]at1onsh1p

LocaT Reg1on

Lat1tude 409"

'f:: ' Long1tude 870

,2],645

_.Area
‘ -203995

wa

to 90°

- §50 -

sq mi

.F3 ° F4  F5

1.9486  4.9535 ‘11.0788
.9846 2.4990 " 5.5789

73.856  9.819 22.001

182 233.5 289.5

" An area of 650 sq mi- is deducted from the 1oca1 reg1on because of

"Sh1p to the 51te

- lake Michigan. There are, of course; no tornadoes recorded over ° o
water. See’ F1gure ]_for def1n1t10n of locaT reg1on and 1ts re]at1on-"i'



'DAMAGE PATH AREA-SQ.M.

Lol

0.0l

100

95%: CONFIDENCE |
INTERVAL

%25 335 182 2335 2895

B FIGURE’Z;'2AREAQINTENSITY;RELATIONSHIP'FORfDRESDENi



hData . o
| DAPPLE Tornado Data Tape UT1678 (Fujita, et al., 1579)
- Period of Record ) I

1950 to ]978

The records used do not necessar11y 1nc]ude every tornado that
. has occurred in the local region. For one reason or another, somé
- tornadoes go - unreported. Because the. popu]at1on density of the ;
" Tocal region is high (greater than 800 persons per: square mile) and .
because the terrain is such that identifiable paths can be seen '
should-a tornado touch-down (damage to structures, trees, fences,

"~ or power lines), the.number of unreported tornadoes in the:region

- is likely to be less than five percent. The number of reported -
_tornadoes in the loca1 reg1on is shown in Tab]e 3. o

TABLE 3
NUMBER OF TORNADOES IN THE LOCAL REGION

fa_Fo - F1. F2- "F3. F4& . F5

,_:TuNumber of - Tornadoes ;.t.86}ja122,' -79_: '24"}~r7:1-- 0
':Cumu]at1ve Vumber ‘f d318{f:é32A} 110 - '3]i: j7'f;';0
_ @';LowerBound F- Scale : .-"2;' e '~_.- : “'_. .
_— w1ndspeed mph .. 40 73 113 158 . 207 261
Occurrence Intens1ty Funct1on o
i . The funct1on used is obta1ned by perform1ng a 11near regress1on
. analysis using the FO and F1 tornadoes'and another 11near regression
analys1s us1ng the F2 to F5 tornadoes

, © Linear regress1on ana]ys1s of - the data in- Tab]e 3 on a sem1 1og o
x,plot g1ves the fo110w1ng funct1ona1 re]at1onsh1ps ' :

| j»fiy (3077 02)10

(x < 96 mph) _ 2)

iwhere y is the cumulative . number of tornadoes w1th w1ndspeeds greater :
‘than or. equal to x. : : ,



Occurrencn-Intens1t/ Re]ationsh1p

*he expected number of tornadoes in the 29 /ea" aer1od is ob ained
from the occurrence-intansity function (Equat1on 2). Upper and lower

. “bound confidence limits are also obtained at the 95 percant level.

These values are- then divided by the period of record (29 years) to-

" obtain the number of tornadoes per vear for each F-scale classifica-
tion Ay, which is the needed occurrence-intensity relationship required
‘for the hazard prooab111ty assessment.’ Table 4.1ists the values used

“:» in the probability" calculat1on F1gure 3'shows.a p]ottpf the: occurrqnce-y._:f

intensity relat1onsh1p
o TABLE ¢

| OCCURRENC° INTEIS;’Y RELATIONSHIP
WITH 95 PERCENT CONFTDEICE LIMITS

S FO = F2. F3 - FL__ - F3
Expectad number of o o f |
tornadoes. in 1nt=r- e S
val, f o ge.00- 119.99‘~ 82.07 122.82 © 566 1.46
| {Lower-11mitfﬁ]5,3& - Azo;4a?V103{os}'fse 78 13.80 . 1.04  --
'tiugpgrkljmitfﬁ;;jafv}'Joj.sé;f136;93_51g7;35_1531;842 10.28 - 3.83. .
" Expectad huhbehldff S f7, o '_ 'k,;‘_'.< - S
‘tornadoes per year 37'32:97 4.14 . 2 83 ~0.797 0 0.20 - 0.05. -
Lower Timit'x; - 243 3.5 . 2.30 0.48  0.04 -
’ © Upper limit x:.'w‘3f_¢ 3;50.'4.7é B :3;35' L1000 0.3 03

nornado Hazard P*obab111ty

U

The. tornado razard prooa%111t/ ca]culatlons are Derrormed by

"-ccmouter, a]though they can easily be done by hand. The expectzd

"'TPCo”cut=r or1n;ou;s ror ‘hesa :alcula;*ons are contawned 1n Aocenc1x A

- -'nazard probabilities are obtained by using the expected area- .ntensxaj.*

- rniatxonsh1o {a;) and the:expected. occurrence-intensity relationshio
(A . Yeper and Tower limits: of naaara "rouaa1:,L/ are cbtained by
f,us1nc the uppaer and lower 1imit A;'s and a;'s respeft1v=1v The ’

A

Taole 5 summar1zes the aornado hazard probab111t1es, and 1nc1udes -
the' 95 percent cont fidence ;1'n1ts - Tne tornado hazard probability

"l-ﬂcdel is p]otted in Figure 4. Fipal haz rd probab111t/ results are ,:.' ‘
L summar1z=d in <eft1on'xv of uhxs report S o ) '



WINDSPEEDS
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Mean. - -
Recurrence
. Interval .

10,000

100,00C

" 1,000,000
10,000,000 -

 TABLE 5

' TORNADO HAZARD PROBABILITIES

" Hazard
Prcbabili
Per. Year

ty |
- Value:

" . WITH 95 PERCENT CQNFIDENCE LIMITS -

-Tornado Windspeeds, moh

'Expected _

1.0 x 107
1.0 x 107
1.0 x 10

-

&

4

I.O.x 10f7‘,

- 102

S

261

72N

- Lower -

. Upper .
Limit -

o Limit

56

200
259

138



IN-ONE YEAR =

_PROBABILITY OF EXCEEDING THRESHOLD = = .
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95 PERCENT CONFIDENCE LIMITS



'*,111.;,STRAIGHT_wINOfHAzARO7AssEssmenTpl .

A METHODOLOGY %iiwsg"

A set of annuaI extreme fastest m11e w1ndspeeds are used tO f1t a

':VgacumuIative probab111ty d1str1but1on funct1on in. order to Obtavn the '

"517stra1ght w1nd hazard probab111t1es The Type 1 extreme vaIue funct1on L

lfﬂgeneraIIy f1ts the data we]] In v1ew of the stud1es by S1m1u and _
! ;‘F1111ben (1975) the Type T d1str1but1on funct1on 1s used in I1eu of the [{
:Type'IIFthat[wasvused>prevrously (ANSI, 1972) _ A deta11ed descr1pt1on of

theymethoaoTOOyfis'given~fnasimiuianq:SCahTan (1978) _:‘ )

B. CALCULATIONS _ o | | _
Annual extreme fastest m11e w1ndspeed data are. not ava11ab1e at the d’

'ipower reactor s1te Although the closest weather stat1on w1th the needed

"”'*:Tdata is M1dway A1rport (located approx1mate1y 40 m1 northwest Of the s1te) , .

"'-1t 1s fe]t that the data at Peor1a, III1no1s (located 83 m1 southwest of -

- the 51te) 1s a better representat1ve for w1nd cond1t1ons at the s1te
The data are taken from S1m1u, Changery and F1111ben (1979) and covers

' the 35 year per1od 1943 to 1977 Stat1st1cal tests performed by S1m1u'

A"7.f=(1979) 1nd1cate that the Type I extreme va]ue d1str1but1on does not’ f1t

o the Peor1a data qu1te as weII as some Other Iocat1ons w1th1n the Un1ted

"f:f States (the ta1I Iength parameter v is 350 rather than 1nf1n1ty as requ1red";'

f.}ﬂ for a true Type I d1str1but1on) However because the Type II d1str1but1onh:1

. 3pred1cts w1ndSpeed vaIues at Iow probab111ty Tevels that exceed the

IIW'phys1ca1 character1st1cs of the wwnd the Type I d1str1but1on funct1on 15»'.

“ o”";recommended for stra1ght w1nd hazard probab111ty assessment at th1s site.

| UjfvThe Type I d1str1but1on as found 1n S1m1u, Changery and F1111ben (1979)

'.;;s1te '5ﬁff”'“"

'ii;for Peor1a 1s used for the stra19ht W1"d m°de1 at the Dresden reactor"



The set of annua] extreme fastest m11e w1ndspeeds for Peoria, I]l1no1s.'
' are g1ven in Tab]e 6 a]ong with the date’ and direction. The w1ndspeeds
have been adJusted to a standard anemometer he1qht of 10 m. The straight
- w1nd hazard probab111t1es for various mean recurrence 1nterva1s, along

h w1th 95 percent conf1dence 11m1ts, are shown in Table 7. The same data
are plotted 1n F1gure 5. . |

: - TABLE. 6 .
ANNUAL EXTREME FASTEST-MILE WINDSPEEDS B
- AT ALBANY, NEW. YORK

- W1ndspeed i o R
Year . = mgh . -Direction .. Date

1943 83 T\ © . 07/28
1944 52 S B o/
1945 - S52 . sW o 11708
1946 - . G52 oW 06/12
1947 - T89S '04/08
1948° 84 oo TSt 12708
1949 .. . 49 T W a1ye7
1950 . - 57-c o0 SWO- . 05/06
e 1981 e AT R e e 09/26
C 195270 T AT e T e e 1126
19530 70 e NW LT LT 07/05
1954 BT g 05731
~ 1985.- 4T o UMW 03722
Y956 . Bl W 0813
1957 49 0 sWe o L 103714
1958 U BET s s L 10709
1959 Co86. T W " 09/26
1960 . . 81 . . . . NW-. . 05724
CJ961 T 47 e sWo T g3ger7
1962 44 0 T W 04730
L1963 0 A4S R N 719
CT964T . T oel e T T 20
1965.. .. .56 U W 09714
19660 o 44 T UUNWS o 03/31
1967 ¢ e B0 TN 02723 -
1968 © . . 43 o NW o 12/06
CT969° 0 a7 i W Lo 08/25
1970 .0 . 48 - 0 NE . ©05/13 ¢
971 80 s - 12/15
S1972 Ay T e /24
1973 - . 89 G UNW - 06/16
T4 BT 0714
975 BB T e g3
SN976 T a7 s 03/04
L1977 - a8 s T 03730



A}"”Méén ;;l
- 'Recurrence
P Interva]”,
T
20

50
o000
C 200
500
5; 1;600 ')
'ﬁwf 1, ooo ooo@gi”~57 ;

TABLE 7

' »'STRAIGHT WIND HAZARD PROBABILITIES
- WITH 95 PERCENT CONFIDENCE LIMITS -

N . Expected  Upper-  Lower
‘-rHazard“z . Fastest- Mile - - Limit . Limite

Probability - Mindspeed, mph - _mph - mph
;1: ——— — — . —_—

2

'»,:5 0x w2 e 2 g

20X W0TET g 7 ey

2

SlLox10C s s e
3

x100° g9l 90 ey

x107 e 0 75
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. 'x:10555;£if%V :lE;115{;i;:;-l-137127f1'f;:93,

x0T
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o o o o oo

LT

X107 s e g2

Codm s e



PROBABILITY OF EXCEEDING THRESHOLD
IN ONE YEAR

~ WINDSPEED |

-|
“1xl0

Cxlo?

I'e10™3

o Za
L1107

-IxIO-é

) WIN'DSPEED_]:,»MP_H; o

FIGURE 5 STRAIGHT NIND HAZARD PROBABILITIES WITH 95 o
o PERCENT CONFIDENCE LIMITS L '

' f‘AWWTSNA/ﬁ

80 .. - 180 . .150° . 200 250 300 350 -



. WINDSPEED HAZARD -PROBABTLITY MODEL

l W1ndspeed nazard probab111ty,vwh1ch 1nc1udes both tornadoes and stra1ght”

- w1nds, 1s the. probab111ty of -a po1nt w1th1n some defwned geograph1ca1 reg1onﬁd" .

i ,exper1enc1ng w1ndspeeds greater: than or equaT to some threshon vaTue in :‘A\f
f }one year. Tornado hazard probab111t1es are the same at any- po1nt w1th1n
“the. defined TocaT reg1on The Type I extreme vaTue d1str1but1on funct1on
i“‘obta1ned from data coTTected at. Peor1a, ITT1no1s s used for the stra1ght
_ w1nd probab1]1ty hazard assessment at the Dresden reactor s1te Thus,
: in effect Peoria and the reactor site are conta1ned in a common .local
Afvreg1on |
Tornado W1ndspeeds are referenced to 30 ft above ground Teve] (appror-»'

f'1mate1y 10 m). and are the max1mum hor1zontaT w1ndspeeds Accord1ng to_'

'-'_Fujita (1971) F scaTe w1ndspeeds are fastest -one- quarter mile winds.

li’However, because of the transTat1onaT speed of a tornado w1nds act1ng on :

::"_a structure may be of cons1derably shorter durat1on Because tornado B

‘5‘;w1ndspeeds are based on appearance of damage they are cons1dered to be

'f effect1ve veToc1t1es, which 1ncTude effects of gust, structure size and

lfistructure frequency For des1gn purposes ‘the gust response factor. for -
:“tornado winds may be taken as’ un1ty ’
The stra1ght w1nds are fastest-m11e w1ndspeeds wh1ch have a var1ab1e f_ |

-!mt1me durat1on, dependwng on the magn1tude of the uxndSpeeds ‘ VaTues are

o norma]1zed to a IO m anemometer hexght For des1gn purposes, gust response L

' factors greater than un1ty are appropr1at°'(See ANSI AS8 T 1972)
- The tornado and stra1ght w1nd modeTs are comb1ned 1n F1gure ' to oota1n }
':the final w1nd5peed model . ror des1gn or evaTuatwon purposes, one needs

'Tlto know the type of storm that controls the cr1ter1a l7or w1ndspeeds Tess

;1than 102 mph the stra1ght w1nd modeT governs For w1ndspeeds greater than T



102 mph, ‘the tornado modeT'governs,; In the case of'a tornado, thefvn.'

T atmospheric pressure change and missiles must be taken into account in o~

-. addition to the wind effects. - Because of this, the union of the two
~events (tornado and-straighf.winds) is not of particular intergst. Tab]ev:‘,

".8 summarize51the”fina1 windspeed hazafd.probabi1itie$,v



'PROBABILITY OF EXCEEDNG THRESHOLD
IN ONE YEAR .
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CTABLE S

' SUMMARY OF'NINDSPEED‘HAZARD .
PROBABILITIES FOR DRESDEN

S Mean .. - Expected
- Recurrence . . . "~ Hazard _windspeed 

Interval. © Probability . - _mph . Type of Storm

'-]0 ) 1.
100 .
1,000 .

x1070 62 . straight Wind
x 1072

75 - straight Wind -
x 10°

3
<10°* " 102 straight Wind or Tornado
.x‘IOfS_fA |

88 . Straight Wind
10,000 - 1.

100,000 . 4 195 Tornado

X 108 L2617 g Tornado

,xf]0'174 [ 5-75337:‘“1i -igTornédo.

1,000,000 .

o o o . o o o o
e :

10,000,000 - 1.
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