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TO: R. W. BENJAMIN

FROM:
ENVIRO~ENTAL TECHNOLOGY DIVISION

PROBABILITIES OF NATURAI,EVENTS
OCCURRING AT %V~ RIVSR PLA~

INTRODUCTION

Safety Analysis Reports (S~s) require consideration of the
risks of incidents caused by natural events. The natural events
of interest to SN/SRL safety analysts generally include high-
velocity straight winds, tornadoes, eartha.uakes, and meteorites .
Probabilities for these events to occur ac SRP have been indepen-
dently e.tudiedby several investigators. However , the results of
their studies have never been evaluated systematically. Therefore,
there is a need for an extensive review and an objective critique
of these independent studies .

This memorandum documents the comprehend ive evaluat ion of
probability mdels of natural events which are applicable to SRP
site. The probability curves selected for these natural events are
recommended to be used by all SRP/SRL safety analysts . This will
ensure a consistency in analysis methodology for postulated SAR-.
incidents involving natural phenomena .

s~Y

Several reports related to the probabilities of
occurring at SRP were reviewed . A probability curve
for each natural event and its use is recommended to
future SARS . The selections are mainly based on the
data sources and analysis methodologies .

natural events
is selected
be used for
evaluation of

1. For high-velocity straight winds, McDonald’s probability curve
is selected because it had a more representative data base and
used a well recognized mathematical model .

* Faculty Research Participant , Georgia State University
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2.

3.

4.

Fujita’s tornado probability curve is preferred because a more
realistic approach to account for the unreported tornadoes was
used . To account for the effect of structure size, the correc-
tion factors determined by Twisdale and Hardy are recommended.

The more rigorous approach to determining earthquake frequen-
cies in the Blume’s report , make Blume’s earthquake probability
curves the curves of choice.

None of the reviewed reports addressed point probabilities of
meteorite impact at SRP, Point probabilities of meteorite
impact were therefore calculated.

The recommended methods for determining straight high-wind and
tornado probabilities are in agreement with the analysis methodol-

ogy recently recomtnended to the Department of Energy by Lawrence
Livermore National Laboratory. I The selected earthquake possibil-

ity curve was approved by Du Pent ‘s Earthquake Advisory Panel in
1982.2

DISCUSSION

The natural events normally considered in the SARS are:
1) high-velocity straight winds; 2) tornadoes ; 3) earthquakes ; and
4) meteorites. Probabilities for these events to occur at SRP have
been independently evaluated by several investigators . However,
the results of their evaluations have never been systematically
reviewed . Since these natural phenomena are rare events in the
vicinity of SRP, there is some subjectivity in choosing probability
models suitable for the SRP site. Nevertheless, this review
attempts to identify probability models having reliable data
sources and sound analysis methodologies which are suitable for SRP.

High-Ve 10City Straight Winds

High-velocity straight wind probabilities for SRP site have
been investigated by Fujita 3 and McDonaldq. Figure 1 shows the
results of these two independent studies. For wind speeds greater
than 100 mph, the probabilities derived by McDonald are signifi-

cantly higher than that from Fujita. The discrepancies are mainly
due to the differences in data source and analysis methodology.

Fujita Approach. Fujita used the monthly and yearly high-
wind data recorded at Macon, Georgia from 1950-1978. The point
probabilities were calculated by using the frequency of a given
wind speed divided by the total number of years . The monthly and
yearly cumulative probability curves were plotted on logarithmic
scale versus wind speed (see Appendix A) . These two curves merge
and Fujita constructs a tangent to the mersed curve . This tangent
line is his probability model for extrapolating linearly to higher
wind speeds .
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Tornado probabilities for SRP site have also been investigated
by Fujita3 and McDonald4. It can be seen from Figure 2 that the
probabilities obtained by Fujita are consistently greater than that
from McDonald . The discrepancies are mainly due to the different

approaches to account for unreported tornadoes .

Fujita Approach. The data base used by Fujita consists of all
reported tornadoes within 100 miles of SRP site for the period
1916-1978. For the calculations of tornado probabiit ies, Fujita
evaluated several indicies (road, forest , topography, water, and
time indicies) and a distance function, Appendix C shows the
details of Fu.jita‘s computations.

McDonaldls Approach. McDonald calculated tornado probabili-
ties using area-intensity and occurrence-intensity relationships .
The number of unreported tornadoes was estimated by using the
correlation between the reported tornado frequencies and population

f4Donald Approach. McDonald used the annual extreme wind
speed data recorded at Augusta , Georgia for the period 1950-1978.
The cumulative probability curve was obtained by inverting the
Fisher-Tippett Type I extreme value distribution function, 10 which
has been adopted in the latest version of the American National
Standards Institute, ANSI A58. 1-1982 Standard . The parameters of
the distribution function were estimated from the observed data .
Details are included in Appendix B.

Critique. McDonald’s method of determining straight wind
probabilities is preferred for the following reasons :

(1)

(2)

(3)

Macon is 120 miles away from SRP site, whereas, A“g”sta is
only 20 miles away. Therefore, Augusta’s data seems to be
more representative for SRP site than those from Macon .

The largest observed wind speed in Fujita ‘s analysis is
62 miles per hour . The data set used by McDonald contains
wind speed as high as 83 miles per hour (fastest one-minute
wind speed) or 87 miles per hour (fastestmile wind speed) .
For the purpose of extrapolating , McDonald ‘s analysis seems
to be more reliable than Fujita’s.

McDonald uses a well received distribution function which fits
well on extreme wind speed data . Such a mathematically
rigorous approach permits a more valid extrapolation to higher
wind speeds and calculation of 9~L confidence intervals . On
the other hand , Fujita takes a more empirical approach which
is deficient from these standpoints.

Tornadoes

-3-
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it provides conservatism in evaluating tornado risks.

Earthquakes

densities . The small number of reported tornadoes in the area with
light population density is due to many tornadoes not reported .
The detailed computations are included in Appendix D.

Critique. Fujita’s methodology of computing tornado probabil-

ities is recommended for the following reasons :

(1)

(2)

(3)

for

The tornado probabilities derived by Fujita are SRP site-
specific ; while McDonald’s tornado probabilities are determined
assuming the tornado frequency is uniformly distributed in his
local region .

McDonald’s approach of estimating the unreported tornado fre-
quencies could be conceptually mong if the population density
is indeed uncorrelated to the frequency of tornadoes including
both reported and unreported (see Appendix E) .

It can be shon (see Appendix E) that the tornado probabilities
by Fujita and McDonald are almost the same if certain degrees
of conservatism are incorporated into McDonald’s method.
Therefore, Fujita’s probability curve seems to be reasonable.

An analysis 14 of tornado occurrence and windspeed frequencies
the SRP has been recently performed by Twisdale and Hardy using

a state-of-the-art type effort . They developed point, area, and
site tornado windspeed frequency curves by analyzing the 1950-1982 of
National Severe Storm Forecast Center (NSSFC) and 1983-1984 tornado
data records . The point probabilities estimated by them are not
significantly different from the point probabilities determined by
Fujita, and therefore support the use of Fujita ‘s methodology
(consistent with other DOE sites) . However, Fujita’s tornado risk
models (recommended to DOE by LLNL) omitted the effect of structure
size . This is probably because most investigatorsll, 12$13 consider
that the probability for a tornado to strike a structure is only
twice its point probability, even when the structure reaches a size
of about 105 square feet ; the correction factors, however, could be
as high as 8.II+ ~e=efore, it is recommended that the cOrrectiOn

factors (Figures 2A-2F) determined by Twisdale and Hardy be used in
SAR accident analyses . By doing so, the risks associated with
tornadoes would be a little higher (albeit insignificant ), however,

Earthquake
investigated by
probability
D’Appolonia

log NI

probabilities for the SRP
Blume5 and D’Appolonia.6

curves is shown in”Figure 3.
used the same frequency model :

=a+b I,

site have been
A comparison of
Both Blume and

their

(1)
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where N1 is the frequency of the earthquake with MOdified Mercalli

Intensity (MMI) I or greater in a specified area per year , and a,b
are two parameters to be determined . However , they used different

data sets and earthquake attenuation equations.

Blume’s Approach. The data set used includes all the earth-
quakes with MMI scale VII or greater, within three tectonic regions
(Appalachianmountain and coastal plain tectonic provinces and
Charleston seismic zone) in the past century. The probability of
exceedinz a ziven Desk zround acceleration (PGA) E occurrin~ on the
SRP

The

site: de~oted ~y Pgl is calculated by:

pg=~p (pGA>g 1~1 =1) XP(mI =1). (2)

conditional probability in this equation is computed by an
integration of a Iognormal density function which was established
by Murphy and O’Brien in 1977. The probability P (~=1) is esti-
mated by the frequency obtained from Equation (1). Appendix F
shows the detailed computations .

D ‘Appolonia’s Approach. The data sets used are all the earth-
quakes with ~1 scale IV or greater within the same three tectonic
regions from 1737 to 1978. The probability that the SRP site will
experience a MMI scale I to 1+1 earthquake is computed by:

r ai
+biI

1

ai + bi(I+l)
z !10
iL

- 10 Ai ,

where Ai is the area of the ith grid elements in the regions, and

ai, bi are parameters Of ~uatiOn (1) and can be determined
from the data set .

Critique. Blume’s report is recommended for the following
reasons:

1.

2.

3.

Since the Charleston earthquah in 1886, people’s awareness of
earthquake have increased . Because Blume included data from
the past century, the earthquake probabilities derived are more
reliable.

Blume’s data base consists only of earthquakes with MMI VII or
greater . The earthquakes of higher intensity are of primary
interest to SRP safety analyses, therefore, Blume’s analysis is
more reliable for extrapolation .

Blume used Bollinger’s attenuation equation which was based on
the 1886 Charleston earthquake, while D’Appolonia used Gupta
and Muttli’s equation which was derived from central U.S. data.
The SRP site is closer to Charleston then to the central U.S.,
therefore, the attenuation used by Blume is preferred for SRP
use.

-5-
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Poe ts Approach. The impact frequency of a meteorite striking

some geographic area of the world was calculated by the following
equation:

probability = 1 - (1 - :)f,

4. Blume’s analysis transformed the earthquake data (in ~1 scale)
into PGA, which is Iognormally distributed. In this manner,
the earthquake data can be refined to an extent that the
Blume’s earthquake probabilities are statistically significant.

Meteorites

The risk associated with meteorite impact has been studied by
Blake7 and poe8. In their studies, Blake and Poe used Hawkins ‘
frequenty equation9:

Stone meteorite : loglo N = -3.73 - loglo m,

Iron meteorite : loglo N = -5.61 - 0.7 loglo m,

where m = the mass of the meteorite in kg (before entry into the
earth’s atmosphere) ,

N = the number of meteorites with mass m or greater falling
on an l-km2 area in a year .

Blake calculated the probabilities of annual fatalities from
meteorite impact . Poe computed the frequencies of meteorite
strikes on the SRP facility (1.9 x 105 ftz surface area) per year.
Neither Blake nor Poe investigated the point probability of
meteorite impact (by direct and/or indirect strike) in a year.

Blakets Approach. The main objective of Blake ‘s study is to
find meteorite kill probabilities. However, his finding pertinent
to meteorite damage probabilities is the relationship among the
meteorite weight (before entering the earth’s atmosphere) , the
meteorite impact weight and the lethal area .

I

where a = the damage area,
A = the area of the earth surface = 5.48 x 1015 ft2,
f = the frequency of the event per year .

Since the stone meteorite hazard is considered to be much less than
that of iron meteorites , the risk associated with stone meteorite
was not investigated .
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Critique. The meteorite impact frequencies obtained by Poe
seem to be erroneous in that the probability increases with respect
to the meteorite mass m for m >109 tons. As described in Appendix

H. the function y ~ [W + <~)
2k b-2.05

can be used to evaluate
k=lk’

,

the probability of meteorite impact on a structure of area S.
This function is decreasing with respect to the lethal area b .
Furthermore, the lethal area of a meteorite is an increasing
function of its mass . Therefore, the probability of a structure
impacted by a meteorite of larger mass should be less than that
from smaller mass .

Mteorite Impact Robabilities . The probability that a
certain point of the 58P site will be etruck by a meteorite with
mass of m tons or greater (before entry of the earth’s atmosphere)
in a year was shon in Appendix G to be no greater than :

(2.50 m-1/30 - 0.56) x 10-lo;

and the error is at most f+x 10-12. Figure 4 shows the exceedance
probabilities of meteorite impact as a function of its weight .

The probability that a structure with an area S ft2 will be
struck by a meteorite of mass m or greater (before entry of the
earth Is atmosphere) per year was shown in Appendix H to be at most

((q - 0.32) X 10-10 if S >4976.744 m213

~[q + 0.03294 x t -0.601 x 10-10 if S <4976.744 m2/3.,..

( )70.546 ml/3 + 43 3“1;
where q = 2.50 m-1/30 + 6.48 m-11/30 and t =

70.546 m1]3
and the maximum error is 2.8 x 10-11.

-7-
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APPENDIX A

Fujita’s Computation of High-Wind Probabilities

The data sources used by Fujita in
probabilities are the 1950-1978 records
(National Oceanographic and Atmospheric
ical station at Macon, Georgia.

Since the height of the anemometer
74 feet AGL (above the ground level) to

computing high-wind
of winds from NOAA’s
Administration) climatolog-

was changed in 1963, from
23 feet AGL, both monthly

and yearly fastest-mile wind speed data are adjusted to 10 m
(33 feet) AGL by using the site specific relation:

O.148

w~o = (:) w
H’

where WH denotes the wind speed at H-meter AGL.

Table Al shows the frequencies , cumulative frequencies, and
exceedance probabilities of both monthly and yearly wind speed
data. The exceedance probabilities in logarithmic scale vs. the
wind speeds were plotted in Figure Al. The straight line which was
tangent to those two probability curves was used as a logical
extrapolation for high-wind probabilities :

W(P) = 52.2 - 6.9 log P,

where W(P) denotes the wind speed (mph) with probability
P (per year).

I
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TA8LE Al

Probability (per year) of tbe Fastest-Mile Winds of the Wnth and
of the Year at Macon, Gaorgia (1950-1978)

Freq. = frequency
Cu. Freq. = cumulative frequency
Prob. = probability per year

Wind Winds of the ~nth

~ ~. Pro .*
Winds of the Year
>req. Cu. Freq . ~

17
18
19

348
347
344

12.0
12.0
11.9

20
21
22
23
24

30
31
32
33
34

35
36
37
38
39

40
41
42
43
44

45
46
47
48
49

2
1
10
20
lh

19
25
37
14
5

29
21
22
13
22

15
3
13
5
1

338
336
335
325
305

291
272
247
210
196

191
162
141
119
106

84
69

11.7
11.6
11.6
11.2
10.5

10.0
9.38
9.52
7.26
6.76

6.59
5.59
4.86
4.10
3.66

2.90
2.38
2.28
1.83
1.66

2
3
1
1
2

24
22
19
18
17

1.62
1.38
1.31

0.966

0.828
0.759
0.655
0.620
0.586

1
1

2
1

2

3

2

1
1
1

2

29
28

24

22

;9

17
16
15

13

1.000
0.966

0.931
0.862

0.527

0.759

0.655

0.586
0.552
0.517

0.482

* Defi?ed as cumulative frequency of monthly winds divided by
statistical years
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Wind
Speed, mph

50
51
52
53
54

55
56
57
58
59

60
61
62

Winds of the Month

* Cu. Freq. Prob.
Winds of the Year

a Cu. Freq. Prob.

2
2
1
5
1

1

2

1

15
13
11
10
5

0.517
0.448
0.379
0.345
0.172

4

3

1

0.138

0.103

0.034

I
2

4
1

1

2

12
11

9
5

4

3

0.413
0.379

0.310
0.172

0.138

0.103

1 1 0.034
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APPENDIX B

McDONALD ‘B CONNOTATION OF HIGR-WI~ PROBABILITIES

The data used in McDonald’s report are in the set of annual
extreme fastest one-minute wind speeds recorded at Augusta, Georgia
from 1950-1978. The probability model is derived in the following
manner:

Let X be the maximum fastest one-minute wind speeds in a xiven I

year. The distribution of X can be reasonably modeied by a Ty~e I
extreme distribution: 10

F(x) = exp {-exp [- (~u)/u]}, (Bl)

where v and IJare location and scale parameters, respectively.
Using the method of moments, u and IIcam be estimated by

A%
o = ~ s and O = ~ - 0.5772 ~, where X is the sample mean and s is
the sample standard deviation. McDonald’s data are shown in Table
B1, and ~= 45.0, s = 12.1.

Let VN be the extreme wind speed corresponding to a specific
mean recurrence interval X. Then P (X > V*) = I/N, or F (VN) = P
(X WN) = 1 - I/N. Replacing V, u and x by C, $, and VN,-
respectively in Equation Bl, VN can be expressed as VN = X +

S (y - 0.5772) ~, where y = - in [- in (1 - ~)]. In addition,

McDonald also calculated (1 - d 100 percent confidence interval:

‘N T ‘a/2 ‘u ‘vN)’

where SD (VN) is t~ estimated standard deviation of VN and is

equal to 1.7519 [~ + 1.1396 (y - 0.5772) J + 1.1 (y - 0.5772 )2]1’2.
&

To be consistent with the normally accepted convention (such
as ANSI A58. 1), McDonald converted the fastest one-minute wind
speeds to the fastest-mile wind speeds by the following relation:

‘(l-rein) _ lo 34

‘(F-M) = 1.17 (B2)*

Table B2 summarizes McDonald’s straight high-wind probability
results.

* Equation B2 was shown in Reference 4. However, the tabulations
in Table B2 furnished by McDonald do not match with his equation.
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TMLS B1

danuhl Extrm Fastest Oae+inute Wind Speeds
ac Augusta, Georsia

Year

1950
1951
1952
1953
1954
1955

1956
1957
1958
1959
1960

1961
1962
1963
1964
1965

1966
1967
1968
1969
1970

1971
1972
1973
1974
1975

1976
1977
1978

Wind
Speed,* mph

83
34
&2
73
44
48

48
31
36
36
36

48
41
40
43
67

37
52
43
43
52

34
56
37
49
37

32
43
39

Direction

Sw
w
E
NE
Nw
s

w
w
Nw
Nw
w

N
Nw
w
s
E

Nw
w
w
m
w

Sw
SW
W
w
w

NW
s
Sw

Date

5/2S
2/7
7/25
6/10
8/2S
5129

7/15
11/30*
11/28
9129*
7/22

6/11
4/11
11/29
5/21
6110

5127**
5fs
7/16
7/8
7/16

7/11
3/2
11/21
3f21
7/6-

3/9
10/2
1/26

* Wind speeds corrected to 10 m anemometer height .
~ Wind speed occurred more than once durins the year.
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~= B2

S=ry of Straight Wind Probabilities with 95% Confidence Limits

Recurrence
Interval

10

20

50

100

200

500

1,000

10,000

100,000

1,000,000

Probability
Per Year

1.0 x 10-1

5.0 x 10-2

2.0 x 10-2

1.0 x 10-2

5.0 x 10-3

2.0 x 10-3

1.0 x 10-3

1.0 x 10-’+

1.0 x 10-5

1.0 X 10-6

—

Fastest One-Minute Wind Speeds ,* mph
Expected Lower Upper
Value

61(61)

68(69)

76(79)

83(87)

90(95)

98(105)

105(113)

127(139)

148(163)

170(189)

Limit

52(51)

56(55)

62(62)

66(67)

70(72)

75(78)

79(82)

93(99)

106(114)

120(130)

Limit

70(72)

79(82)

91(96)

100(107)

109(117)

121(132)

130(142)

160(177)

190(212)

220(248)

* Values in parentheses are fastest-mile wind speeds . See
Equation (2) for relationship between fastest-mile wind
speed and fastest one-minute wind speed.
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P
N(n)

~= 916
? = (1978 - 1964) X 1978

~=~65 N(n)

Where N(n) denotes the annual tornado frequencies in the year
n. Table Cl shows the weighted statistical years in Fujita’s
study. As shown in Table Cl, Fujita divided the classes of
F-scale tornadoes into three categories :
(F2+F3), and violent (F4+F5).

weak (FO+F1), strong

c-l

APPENDIX C

FUJITA ‘S ~TBOUOLOGY FOR TO~ADO PROB~ILITY COMPUTATION

t Orna-
does

The data set used by Fujita contains all the reported
within 100 miles of the SRP site from 1916-1978.

The basic formula in computing tornado probabilities is

P(F “, = ~ x DAPPLE (F,V)
, AxY ,

where A is the statistical area; Y, the statistical year; ~, the
path length of F-scale tornadoes; and DAPPLE (F,V) , the ~amage Area
~er ~ath length which is a function of the tornado’s F-scale and
specific =indspeed V.

In order to evaluate the site-specific tornado probabilities,
Fujita devised a weighting function which decreases gradually with
the distance from the site . The distance function F(D) is defined
as:

F(D) = cosm (0.9” x D),

where D is the distance to the site (<100 mi) and m is a constant.
Fujita found the probabilities corresponding to m=l and m=O (no
distance function) are essentially the same.

The details of Fujita’s tornado probability calculations are
described as follows :

1. Statistical year. Since the reported tornado frequencies in
the early years are only about one-tenth of the current rate,
Fujita adjusted the total number of observed years by a statis-
tical year Y defined as:
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2. Statistical area. The topography and water factors can make
tornadoes unobservable. To account for this, Fujita designed
an index function F ~, as:

F~ (TI,WI) = (l-O.lTI)( l-O.lWI),

where TI, WI are topograph and water indicies which are defined
in Table C2. The study region is divided into 128 equal area
sub-boxes with area As (249.4 miz). Then the statistical
area is obtained by:

12s

A = ASZ F(D) FI (TI,wI).
1

Table C3 shows the values of F(D) F~(TI,WI) used in Fujita’s
analysis.

3. Path length of F-scale tornadoes, LF. Tornadoes occurring in
a forest or at the place far away from the road will likely
be unreported . Therefore, Fuj ita designed an index function
F2 defined as

F2 (RI,FI) = (1+0.2RI)(1+0.IFI),

where RI,FE are road and forest indicies which are defined in
Table C2. Then the.total path length for a scale F tornado is

LF = Z X F(D) X F2(R1,F1),

where the L‘s are the observed path lengths and the summation
is over all tornadoes of scale F. The values of L x F(D) x
F2(RI,FI) are also shown in Table C3.

4. DAPPLE function: DAPPLE function has two variables : wind-
speed V and tornado categories (w, s, and v, all in terms of
F-scale) . Empirical results for this function are shown in
Table C4.

The probability of all tornadoes affecting the site at a given
windspeed can be computed as a sum,

P(v) = P(w,v) + P(s,v) + P(v,v).

Table C5 shows the final tabulation of P(V) for the SRP site.

c-2



TdBLB Cl

Wei~ted Statistical Years. Y for Risk Commutations Based on
Fre~uencie# Between 1916 ~d 1978

Scale

FO

F1

F2

F3

F4

F5

FO+F1 (w)

FZ+F3 (s)

F4+F5 (“)

TABLE C2

Statistical Period
(1916-1978) (1965-1978)

5,718 3,260

8,6&5 4,453

7,102 2,762

2,665 850

673 209

127 30

14,363 7,713

9,767 3,612

800 239

Actual
Years

63.0

63.0

63.0

63.0

63.0

63.0

63.0

63.0

63.0

Weighted
Years (Y)

24,6

27.2

36.0

43.9

45.1

59.2

26.1

37.9

46.9

Definitions for RI, PI, TX, and WI

Index Value Definition——

0
FI 1

n

TI

0

1

1:
0
1

WI
1:

Town or city areas and their immediate vicinity
Area of section-line roads of l-mile grid
Area of roads approximately n-miles apart
Area of roads separated by 10 miles or further

No forest in sub-box
1/10 of a sub-box area is forest
n/10 of a sub-box area is forest

The ground within the circle of l-mile radius
is more or less flat
Height difference within the circle is about 250 ft
Height difference within the circle is about n x 250 ft
Height difference within the circle is 2500 ft or larger

No water area in a sub-box
1/10 of a sub-box area is water
n/10 of a sub-box area is water
Entire area is water

c-3
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TA8LE C3

G

Tornado

:lii:::
L ......

L“.....

Sub-box

Partitere for Savannah River Planteite (m - 1)

Road index
Fores t index
Topography index
Water index
F(D) ~ F1 (TI,wI)

Distance in miles
Distance function
Path length

L x F(D) x F2 (RI,FI)

RI ....
FI ....
TI ....
WI ....
G ....

D F(D)
——

~

0.03

0.30
1.40

0.83
0.19
0.72
0.49
2.30

10.50

0.62
0.56
0.41

0.21
1.68
13.20
20.40
21.84

12.01
8.96
8.80
1.64

0.11
1.09

9.7k

5.92
1.67
1.72
1.90
4.69

2.78
3.10
1.56
0.66

c-4

L:

0.16
0.83
4.16
0.70

L;

1.09
0.83

0.96
0.72

6.13

2.93
10.64
29.23
12.75
21.84

8.00

8.32

0.88

16.13
13.00

26.60
23.46

20.88
5.16

1.68

FI ‘rI
—

o
0
0
0

0

:
0
0

0
0
0
1
0

:

:
0

0
0
0

:

0
0
0
0
0

0
0
0
1
1

:

:
0

WI

1
2

:

5
6

;
9

10
11
12
13
14

15
16
17
18
19

20
21
22
23
24

;2

;:
29

0.02
0.09
0.11
0.09

0.02
0.06
0.20
0.26
0.32

0.35
0.32
0.26
0.20
0.06

0.11
0.28
0.41
0.50
0.56

0.58
0.56
0.50
0.41
0.28

0.11
0.05
0.26
0.43
0.58

0.68
0.76
0.78
0.76
0.68

0.58
0.43
0.26
0.05
0.16

0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
1
0
0
0

0
0
0

:

0
0
0
0
0

8
0
0
0

0.02
0.09
0.11
0.09

0.02
0.05
0.20
0.26
0.32

0.35
0.32
0.26
0.18
0.O6

0.11
0.28
0.41
0.50
0.56

0.58
0.50
0.50
0.41
0.28

0.11
0.05
0.26
0.43
0.S8

0.68
0.76
0.78
0.68
0.51

0.58
0.43
0.26
0.05
0.16

0.55
2.21
5.76
3.95
1.54

10
2

2.63
2.30

7

0.97

0.84
0.56
4.72
2.55
2.91

21.34
36.96

6

11

17.60
3.28
1.51

1.32
0.53
0.55
4.30

4

15
8

3.34
20.59
26.60
17.20

14
15

4.18

0.52
0.11

15
5

5
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TABLE C3 , Contd

Sub-box

::
42
43
44

:2
47
48
49

2:
52
53
54

;:

2:
59

60
61

::
64

65
66

:;
69

;;
72
73
74

75
76
77
78
79

::
82
83
84

D F(D)
——

0.38
:; 0.56

0.70
;; 0.82
30 0.89

i;

:?
62

75

:?
73
58

44
30
16
9
16

z
58
73
87

87
73
58
44
30

16
9

;:
44

58
73
87
90
76

;;
39
30
27

0.91
0.89
0.82
0.70
0.56

0.38
0.16
0.20
0.41
0.61

0.77
0.89
0.97
0.99
0.97

0.89
0.77
0.61
0.41
0.20

0.20
0.41
0.61
0.77
0.89

0.97
0.99
0.97
0.s9
0.77

0.61
0.41
0.20
0.16
0.37

0.55
0.70
0.82
0.89
0.91

R7.
~

;.89
6.40
38.45

17.47
2.74
8.20
29.40
22.40

2.17
1.60

0.90
2.32

1.46
1.87

12.13
9.11
8.25

21.36
37.27
9.39
4.26
4.80

0.42
4.51

3.08

;.88

1.40
1.07
3.92

1.72
5.61

c-5

~

4
2
3

;

i;
34
10

14

;

11

19
7
2

4

15

;
5
1

11

10
16
14

3
1
1

i

1
19

9

1:
13
7

L:

3.50
3.02
5.67

14.42

26.21
28.04
55.76
14.70

10.11
2.80
2.40

12.75

27.80
13.08
4.85

6.60

26.70
1.69
2.68
5.33
0.60

4.62

13.42
24.64
23.67

6.98
2.28
1.94

1.69

0.40
14.06

9.41
2.94
22.39
24.30
12.74

1

2

3

L:

0.87

15.29
5.61

0.96

7.48

~.08

TI
—

o
0
0
0
1

0
0

:
0

;
o
0
0

;
o
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

:
0
1
1

0

:

:

G

0.38
0.56
0.70
0.82
0.89

0.91
0.89
0.82
0.70
0.56

0.38
0.16
0.20
0.41
0.61

0.77
0.89
0.97
0.99
0.97

0.89
@.77
0.61
0.37
0.14

0.20
0.41
0.61
0.77
0.89

0.97
0.99
0.97
0.89
0.77

0.61
0.41
0.20
0.14
0.33

0.55
0.70
0.82
0.89
0.91



Sub-box

85
86

:;
89

;:
92
93
94

::
97
98
99

100
101
102
103
104

105
106
107
108
109

110
111
112
113
L14

115
116
117
118
119

120
121
122
123
124

125
126
127
128

D F(D)
——

0.89
0.82
0.70
0.55
0.37

0.16
0.05
0.26
0.41
0.55

0.68
0.76
0.78
0.76
0.68

0.55
0.41
0.26
0.05
0.11

0.26
0.41
0.50
0.55
0.58

0.55
0.50
0.41
0.26
0.11

0.05
0.18
0.26
0.32
0.35

0.32
0.26
0.18
0.05
0.03

0.09
0.11
0.09
0.03

RI

Total

~

19.84
11.76
5.28
8.33

5.52
0.22
0.49
0.82
1.10

;.45

0.65

2.60

5.34

15.73

1.11
3.74

0.31
1.14
4.93

2.81
0.43
0.21

0.23
0.30

1 0.23
1 0.08

509.L3

C-6

1;.24

1.32

0.22
6.42

21.32
16.50

3.88

4.26
1.77

0.22

0.90
1.05
2.97
8.00

5.72

0.44
1.22
4.00

2.81
0.43
0.11
0.08

0.47
1.19

733.00

L:

1.64

2.89

0.22

4.20
14.85

WI
—

o
0

;
o

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0

:
0
0

0
0
0

:

!
o

:

0

:
0
0

:
0
2

270.32

G

0.89
0.82
0.70
0.55
0.37

0.16
0.05
0.26
0.41
0.55

0.68
0.76
0.78
0.76
0.68

0.55
0.41
0.26
0.05
0.11

0.26

0.41
0.50
0.55
0.58

0.>5
0.50
0..:1
,3,24
0.02

0.05
0.18
0.26
0.32
0.35

0.32
0.26
0.18
0.05
0.03

0.09
0.11
0.09
0.02

58.31
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Improvement in DAPPLS Valaes in Miles. Fujita Used AF-75 Until August 31, 1978 and
~an DAPPL8, Bet-en September 1, 1978 and February 29, 1980. ~oothed DAPPL8
Values, which htie been used since %rch 1, 1980 vere G8mputed by Smpirical
Squations.

Tornado
Category

Violent

AF-75
DBT-78
Mean
Smoothed

m

AF-75
DBT-78
Mean
Smoothed

Weak

AF-75
DBT-78
Mean
Smoothed

Maximm Total Wind Speed at 10 m AGL (mph)
50 100 150 200 250 300 350— — — —— .—

0.51
0.43
0.47
5.35E-01*

0,43
0.19
0.31
3.15E-OL

0.074
0.076
0.075
6.54E-02

0.14 0.036
0.16 0.050
0.15 0.043
1.71E-01 3.94E-02

0.062 0.0098
0.035 0.0037
0.049 0.0068

5.36E-02 6.47E-03

0.0028 0.000052
0.0000 0.000000
0.0014 0.000026
1.60E-03 2.40E-05

0.0081 0.0016
0.0101 0.00014
0.0091 0.0009
6.92E-03 9.64E-04

0.0012 0.000087
0.0000 0.000000
0.0006 0.000044
6.02E-04 4.52E-05

2.52E-07 1.99E-09

0.00023
0.00000
0.00012
1.09E-04

2.82E-06

1.24E-11

0.000016
0.000000
0.000008
1.03E-05

1.50E-07

6.30E-14

* 5.35E-01 = 5.35 x 10-1

TABLE C5

Tornado Probabilities (~r year) at the Savannah River Site Computed with Distance
Function with III-1. Statistical Path Lengths are:

m= 1

Violent tornado
Strong tornado

Weak tornado

All tornadoes

* 2.2E-04 = 2.12

Windspeeds at 10 m AGL

.—~— — ——50 100 200 250 300 350

2.12E-04* 6.79E-05 1.56E-05 2.75E-06 3.83E-07 4.33E-08 4.09E-09
4.19E-04 7.13E-05 8.61E-06 8.OIE-07 6.OIE-08 3.75E-09 2.OOE-10

8.77E-05 2.15E-06 3.22E-08 3.38E-10 2.67E-12 1.66E-14 8,45E-17

7.19E-04 1.41E-04 2.42E-05 3.55E-06 4.43E-07 4.71E-08 4.29E-09

x 10-4

c-7
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APPENDIX D

MCDONALD ‘S KE~ODOLOGY OF

McDonald derived the
relationships for the SRP

TOWADO PROBABILITIES

area-intensity and occurrence-intensity
site, and used those results to compute

tornado probabilities. For establishing the area-intensity

relationship, McDonald used the reported tornado data in the global
region (see Figure Dl) from 1971 to 1978; he used the data in the
local region (see Figure Dl) from 1950 to 1978 for developing the
occurrence-intensity relationship.

1. Area-Intensity Relationship: The area-intensity data, taken
from the DAPPLE tape (assembled by Fujita of University of
Chicago) include all reported tornadoes in the area bounded by
latitudes 31” to 36° and longitudes 79”.to 84” from 1971 to
1978. The mean tornado damage path area for each F-scale
classification were determined from a linear regression
analysis using a log-log plot of area versus tornado windspeed:

Log a = 3.0488 Log V - 6.8595,

where a is the damage area in square miles, and V is the wind-
speed in mph. Confidence intervals of the mean damage path
area for each F-scale tornado are also calculated (see Table
Dl).

2. Occurrence-Intensity Relationship: The occurrence- intensity
data, taken from the DAPPLE tape, include all reported
tornadoes in the area bounded by latitudes 32” to 35” and
longitudes 80° to 83” from 1950 to 1978. The number of
unreported tornadoes is estimated based on the correlation
between reported tornado frequencies and population densities.
The expected number of tornadoes for each F-scale is the sum of
the numbers of reported tornadoes and estimated unreported
tornadoes. The occurrence-intensity relationship for the SRP
site is shown in Table D2.

3. Tornado Probabilities : The probability of tornado windspeed
each F-scale windspeed interval V; is calculated using the
equation:

P (v

where A =

ii =

aij =

J

.vj)=*~Aiaij
1=J

area of the region studied (34,453 mi 2,,

the number of tornadoes per year in F-ecale wind-
speed interval i (see Table D2),

the path area that is exposed to windspeed in the
interval j of a tornado whose maximum windspeed is
the interval i (see Table Dl).

D-1
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The probability of tornado windspeed exceeding interval values
in one year is then calculated by:

P (V>vj) =,$ P (V=vk).

Table D3 shows the results of exceedance probabilityies with 95%
confidence intervals .

I

I

D-2



-’
/’

f
@LO SAL RCOIONr I I

I I --- .,.- ,.,,-. .-
%’

. . .

FIGuEE D1. Local and Global Regions
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TA8L2 D1

Area-Inteniity tilationship

FO Fl F2 F3 F4 F5—— —— —.

Expected mean area 0.0295 0.1364 0.4319 1.0738 2.2954 4.4207
ai, square mile

Lower limit 0.0211 0.0979 0.3096 0.7680 1.6365 3.1405
ai, square mile

Upper Iimic 0.041 0.190 0.602 1.501 3.222 6.223

ai, square mile

Median windspeed 56 92.5 135 182 233.5 289.5
mph

me quantity ai,j can be computed by: aij = ai Kij , where Kij

is the ith row and jth column element of the matrix used by McDonald. *

.!. .

J

“,

I

* McDonald 1979 (see Reference 4)

TABL)3D2

Occurrence-Intensity Relationship

Total expected
No. of tornadoes

Lower 1imit

Upper limit

Expected No. of
tornadoes per
year, Ai

Lower limit Ai

Upper limit Xi

Windepeed, mph

FO

75.30

60.41

90.19

2.60

2.08

3.11

40

F1 F2——

143.18 81.65

125.70 66.35

160.66 96.95

4.94 2.82

4.33 2.29

5.54 3.34

73 113

D-4

F3 F4 F5—— .

17.84 3.40

9.80 -

25.89 6.99

0.62 0.12

0.34 -

0.89 0.24

158 207

0.62

2.17

0.0214

0.07

261



TASLS D3

S_~ of McDonalds Tornado

Exceedance

Probabilities

95% Confidence Interval
Windspeed (mph) Probability Lower Bound Upper Bound

73 6.46E-5* 3.13E-5 1.29E-4

113 2.41E-5 1.06E-5 5.22E-5

158 5.78E-6 1.87E-6 1.54E-5

207 1.OIE-6 2.29E-7 3.57E-6

261 1.16E-7 2.68E-8 5.67E-7

* 6.46E-5 = 6.46 X 10-5

I
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APPENDIX E

MOD2FIED McDONA2.D‘S MSTSOD

For estimating unreported tornado frequencies , McDonald
divided the local region into 144 equal area sub-boxes. The
numbers of reported tornadoes were recorded and tabulated in
descending order with respect to their population densities . The
number of reported tornadoes is actually an increasing function of
che population density (see Figure El) . The average number of
tornadoes for the first n sub-boxes, n=l ,2....144, are”computed.
hong them, 2.24 is the average number of tornadoes for the sub-
boxes with populat ion density 74 (per mi 2, or more (74 is the same

as the average population density for these 141* sub-boxes).
McDonald used 144 x 2.24 minus the total number of reported
tornadoes as an estimated number of unreported tornadoes . Since

the population density is uncorrelated CO the,tornado (reported
plus unreported) frequency, McDonald’s estimation seems to be
conceptually wrong. The mean number of tornadoes (reported plus

unreported) in a sub-box should be close to’the maximum of that
increasing function (see Figure El) . Thus, McDonaldts estimation
method can be improved as follows: let f(X) be the average number
of tornadoes for a sub-box with population density x or more. The
bounded increasing function f(X) can be modeled as:

f(x) = a - be-cx.

The least squares estimate of a, b, and c from McDonald’s data are
$ = 5.88, ~ = 4.44, and & = 0.0037. In this fit, the mean squares

for regression and residual, respectively, are 284.94 and 0.09.
Figure El shows the fitted curve and several data points. The
estimated maximum of this function is ~ = 5.88. If we replace 2.24
by 5.88 as the mean number of tornadoes in a sub-box for McDonald’s
method, then the probabilities of exceeding threshold wind speed in
one year can be obtained as:

Windspeed, mph 40 73 I 113

Probability 1

* Deleting three

I

4.25 x 10-4 I 1.70 x ,0-4 I 6.33x 10-5

158 207 261

1.52 X 10-5 2.62 X 10-6 3.05 x 10-7

sub-boxes in the sea area



It is worth to mention that Fujita abandoned the use of
correlation between population density and tornado frequency
because he believed that this is biased by local population concen-
tration. However, due to the absence of big cities in this region,
che biases could be considered as the part of residual variability
in the least squares fitting.

E-2
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APPE~IX F

BLU~ ‘S ~TBODOLOGY IN DERIVING EARTHQUAKE PROBABILITIES
FOR TRE SRP SITS

Blume modeled the geographic distribution of earthquakes in
terms of three source regions : the Atlantic coastal plain and
Appalachian Mountain tectonic provinces , and the Charleston seismic
zone. For the Charleston seismic zone, two configurations were
considered (see Figure F1) . Blume’s data base consists of all
earthquakes with maximum epicentral intensity VII or greater (~1
scale) in these three regions from the past century.

The methodology used by Blume can be summarized as follows :

(1) me earthquake occurrence rate is detemined by using the
relationship:

log N=a-b Io, (FI)

where N is the number of events of epicentral intensity 10
or greater per year in an area of 1,000 kmz. The arameter b
was empirically determined to be 0.54 by Bollinger E for the
whole eastern and southeastern United States. The values of a
for three regions xre determined using the appropriate
recorded earthquake data. The results of a and b values are
shown in Table F1.

(2) The attenuation of earthquake intensity was obtained using the
Bollinger’s equation:5

{

~ = 10 + 2.87 - 0.001)52R- 2.88 Iog R

10
if R >10 km

(F2)
if R <10 km,

where 10 and 1, respectively, are the earthquake intensities
(MMI scale) at the epicenter and at distance R (in km) from
the epicenter.

(3) The probability of exceeding a given site acceleration for an
earthquake of given epicentral intensity and epicentral dis-
tance is calculated by assuming the peak ground acceleration
(PGA) is lognomally distributed. * This probability was
integrated over the area of source region, yielding the
probability that the given site acceleration will be exceeded

* Murphy and O’Brien showed that PGA is approximately distributed
as lognormal with standard deviat ion O .36 and mean derived from:

log A = 0.25 + 0.251,
where A is the mean PGA in cmlsecz.
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should the earthquake occur in the source region. This set of

prob~bilities was then multiplied by the occurrence rates derived
from Equation F 1, and the results were integrated with respect to
epicentral intensity to obtain the total probability of exceeding a
given site acceleration due to the occurrence of all earthquakes in
a source region. Results for three source regions were sumed to
yield the total probability of exceeding a given site acceleration.
The result of exceedance probability as a function of PGA at the
SRP site is shown in Table F2.
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TABU FI

Earthqu~e Zacurrence

Parameter

Area (x 1,000 kmz)

Number of events per
century, 10 >VII

Parameter at

Parameter bt

Paramater8

Tectonic Province
Atlantic Charleston
Coastal Appalachian Seismic
Plain Mount sins Zone

300 350 3-O,* S.5*

3 10 1

-0.22 0.24 1.3,* 0.85ire

0.54 0.54 0.54

* Source configuration 1.

* Source configuration 2.

t Log N(IO) = a - bIo, where a and b are determined
empirically; N(l.) = number of earthquake events with
epicentral intensity >10 per 1,000 kmz per year.

TAB2,EF 2

Maan Annual Ground MotionExceedance Probabilities

Exceedance Probabilities* by
PGA (cm/sec2, g) and
Approximate MMI

cmlsecz: 20 100 200

e: 0.02 0.10 0.20
Source Region mI : Iv VII VIII— — —

Atlantic coastal plain 3.65E-2* 6.87!3-4 7.41E-5

Appalachia mountsins 5.16E-2 5.23E-4 3.19E-5

Charleston (configuration 1) 2.12E-2 5.29E-4 7.84E-5

Charleston (configuration 2) 2.47E-2 6.36E-4 1.00E4

Total (configuration 1) 1.09E-1 1.74E-3 1.S4E-4

Total (configuration 2) 1.13E-1 1.85E-3 2.06E-4

*

*

Probabilities of exceedance are given to a uniform precision
of three significant figures; however, the accuracy of these
values is about i5% with respect to the given seismicity model.

Entry 3.65E-2 is read as 3.65 x 10-2, etc.
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APPENDIX G

TRE DERIVATION OF POINT PROBABILITIES FOR TSR STRIKE OF
A ~TEORITE

The point probability of a meteorite strike can be
conservatively derived by assuming that tbe cross section area
of a meteorite (before entering the earth’s atmosphere) is one-
one hundredth of its crater area (see Table Gl) .

Define:

n=

a=

b.

A=

the number of meteorites with mass greater than or equal
to m (before entering) falling on the earth yearly,

cross section area of the meteorite

lethal area of the wteorite

area of the earth surface = 5.48 x 1015 ftz.

Several imediate

for
the

for

m= c1 a3i2

b = C2a*

n = C3N

relations are:

some constants c ~, C2, and C3. Using the relations above in
equation loglo N = -5.61 ‘0.7 loglo m, we obtain

“ = c (b3/2)-0.7 = cb-1.05

some constant c. and c is found approximately to be 105 (if the
unit of b is ft2) by large values of m in Table il. Taking the
derivative of n with respect to b, one obtains

-2.05dn - -1.05 x 105 b .___ Let A b the small change of b and

t ~b -($) Ab. The probability that a meteorite with lethal area

greater than a. (a. < A) is at most

(Gl)

where ~ is the sum over bs which are between a. and A. me
second term of the expression G1 is the point probability of the
meteorite with lethal area greater than A; the first tem of tbe
expression G1 denoted by Q, is for lethal area between a. and A,
and can be rewritten as:

* Blake used C2 = 16
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~ ~ ~x[~,‘ “-’’;;”(’-’+”(;)’]Q = lim

‘k~i J’:OIX(:Y (-%)~]

= ~ + f (:)’ ,.0, x ,,5,-2.0, db
ao

m
(
A
~-l. 05

)
- ~ ‘-1.05

= 1.05 x 105 ~
1 0

~=1 k (’-1.05) “ Ak

Apparently, there is no closed form for the above expression.
However, the value Q is dominated by the term k=l when so/A is
small. The sum of the terms with k >2 in Q is bounded above by
(0.95 A1- 05)-1, because:

( ‘-1.05
A - a.

k-i.05
)

Ak

<
0.951A1”05 ‘g &

()
= 0.95 A1”05 ‘l.

Therefore, the expression G1 is bounded above bY

[

(

-0.05
A )

-0.05
- a. -1.05

1.05 x 105 -
A

0.05 A

1

‘~ +[m(-$)db

( -0.05
= 3.83 aO

)
- 0.56 X 10-10

= (2-50 ‘-”30 - 056)x ‘0-’0
(G2)
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where m is the mass (in tons) of the meteorite before entering the
earth’s atmosphere. On the other hand,

(A-0.05 _ ~o-O. 05)

Q> 1.05X105X1X ~-105 X
A

= (3.83 ao-0”05 - 0.63) x 10-10

Therefore, the expression G1 is bounded below by

.

(3.83 ao-0”05 - 0.63) X Io-lo +~ (- ~)db
A

= (3.83 so-0.05 - 0.60) x 10-10

Since the difference of this value and that from the expression G2
is 4 x 10-12, hence the latter is greater that from the expression
GI by at most 4 x 10-12.
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TAELE G1

Ralations Among
Lethal Areas

Meteorite
Weight (tons)

loo

~~1

~~z

~~3

104

105

~06

~07

108

~09

1010

~~11

1012

~o13

* 9.9E-1 = 9.9

~ Lethal areas

Iron Meteorite Weights, Crater Radiua and

Cross Section
Radius (ft)

9.9E-1*

2.lE+O

4.6E+0

9.9E+0

2.lE+I

4.6E+I

9.9E+1

2.1E+2

4.6E+2

9.9E+2

2.1E+3

4.6E+3

9.9E+3

2.1E+4

Impact
Weight (lb)

2.4E+2

9.0E+3

1.4E+5

1.7E+6

1.9E+7

1.9E+8

2.0E+9

2.OE+1O

2.OE+ll

2.0E+12

2.0E+13

2.0E+14

2.0E+15

2.0E+16

Crater
Radius (ft)

9 .9E-1

8.3E+0

2.8E+I

7.8E+1

1.9E+2

4.4E+2

9.8E+2

2.1E+3

4.6E+3

1.0E+4

2.3E+4

4.6E+4

1.0E+5

2.2E+5

Lethal **

(ftz)Area (ft2)

5.02E+1 5.02E+3

3.62E+3 2.31E+4

3.90E+4 1.09E+5

3.07E+5 5.02E+5

1.87E+6 2.31E+6

9.76E+6 1.09E+7

4.74E+7 5.02E+7

2.26E+8 2.31E+8

1.09E+9 1.09E+9

5.02E+9 5.02E+9

2.3IE+1O 2.31E+1O

1.09E+11 1.09E+11

5.02E+11 5.02E+11

2.31E+12 2.31E+12

used in the conservative computations of the point probabilities
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APPEWDIX H

TES DERIVATION OP THS PROBABILITY OF MBTEORI’I’EINPACT
ON A STRUCTURS WITR ARSA S

To find the probabilities that a building with certain area S
will be damaged by a meteorite per year, Equation (Gl) should be
replaced by

The first term of (Hi) can be shown to be

.:”-“[-lkb-2”0’db ‘H’)
1.05 x 105 ~ ; J

‘=1

The value of (HZ) is dominated by the first term k=l. For k = 1,

(4X - 6)2
1.05 x 105

s
4 b-2.05 db

ao

s (3.83 =0-0.05 + 0.70 /~ =0-0.55 - O-63) 10-10

The rest of the term, denoted by R, can be discussed in two cases:

Case I. changing variable b to u by the relation

(/~ + /~)~=’u~:we obtain

R = 1.05 X 105 ~
ii .fi)2-

(/; - ~~)-’” 1 du (H3)
k=2

0
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Since (K -
“)”3”’ ‘(-) ‘3”1 “;)-3”1

()= f; 3.1
~-1.55

&-fs

()

GO+4S 3.1
<— ~-1.55

Go

Therefore,

,=2;(~)3”1(fio . ~)2$-2”05d”R < 1.05 x 105 ~

3.1

— ,zk(k:l.o,)~-(’’.; ~z”z]’]
()

< 1.05 x 105 Go + ~

1.05
A 60

< 1.05 x 105 ‘Go+a 3.1

1.05
A x 0.95 ()

60

()

Go+fi 3.1
= 0.03294 —

Go
x 10-1’

Case II. A. < S: From Equation H3, R can be rewritten as

[

4s

R=l.05X~05~l ~
k-O. 5

k=2 k
~ (/; - i~)-3”1 d“

(G. + ~)’ Ak
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The

The
second term is bounded above by O.28 x 10-10 from the Case I.
first term is bounded above by

.

1.05 x 105X ~
k=2 2k

(4sy ~,~)-Q.1

= 0.525 X 105 [~=)-4”1 (:Y ,(-:)1,

which is negligible in comparing with 10-1O.

Combining both cases, we conclude that expression HI is bounded
above by:

(

(q - 0.32) x 10-10 if S > a.

(q + 0.03294 t - 0.60) x 10-10 if S < a. (H4)

where q = 3.S3 ao-o”05 + O. 70 ~ ao-0”55 -1/30 -11/30
= 2.50 m + 6.48 m

This upper bound (H4) is greater than (Hi) by at most 2.8 x 10-11,
because R < 2.8 x 10-11 from Case I and II.

According to the ex ression H4, the probability for a
Estructure of area 106 ft to be struck by a meteorite with earth

surface impact weight 240 lb or greater is no more than 8.63 x
10-10 per year. The comparison of the expression S14and Poe ‘9
finding are shown in Figure HI.
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ATOMIC ENERGY DIVISION

SAVANNAH RIVER PLANT
AlKEN, SOUTH CAROLINA 29808-0001

(WX 8,0.77 ).2670, TEL 803.725.62,1, W“ AUGUSTA, GA,)
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cc: J. W. Hayes

August 2, 1985

Mr. A. F. Westerdahl, Chief
Patent Branch
U. S. Department of Energy
Aiken, South Carolina 29808

Dear Mr. Westerdahl:

REQUBST FOR PATENT RBVIEW

Please review for patent matter:

DPST-84-718 , “PROBABILITIES OF NATORAL EVENTS OCCURRING AT SAVANNAH RIVER
PLANT” , by J . C. Haung and Y. S. Hsu

If any technical clarification is needed please call C. J. Banick whose

Document Review is attached.

Please telephone your comments to the Records Management Office (Ext. 2606)
and notify me by signing and returning to C. J. Banick the original of this

letter. A copy is provided for your file.

If YOU decide tO Pursue a Patent
to supply additional information
the names of persons responsible

on any development covered, I shall be happy
reauired such as appropriate references and
fo~ the development.

Very truly yours,

J. W. Hayes, Chief
Records Management

Supervisor

The above item is approved
for release.

/

7/+ ~~+ -/~~

A. F. Westgrdahl / Date

Chief Patent Branch
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SAVANNAH RIVER PLANT
August 2, 1985

AlKEN, SOUTH CAROLINA 29808-0001

(W%8,0.77,.2670, TEL, 802.725.621, .W”, AuGUSTA GA.)

Mr. A. F. Westerdahl, Chief
Patent Branch
U. S. Department of Energy
Aiken, South Carolina 29808

Dear Mr. Westerdahl:

REQUEST FOR PATENT REVIBW

Please review for patent ~tter:

~pST_84_7 ~~ ,,PROBABILIT.ES OF NATURAL EvENTS OCCURRING AT SAVANNAH RIVER

PLANT” , by J. C. Haung and Y. S. HSU

If any technical clarification is needed please call C. J. Banick whOse
Document Review is attached.

Please telephone your comments to the Records Management Office (~xt. 2606)
and notify me by signing and returning to C. J. Banick the Origiml Of this
letter. A COPY is provided fOr YOur file.

If You decide to pursue a patent
to supply additional information
the names of persons responsible

;.

The above
for release.

ternis approved

on any development covered, I shal 1 be happy
reauired such as appropriate references and
for the development.

Very truly yours,

J. W. H8yes, Chief
Records Management

Supervisor

/
/

A. F. Westerdahl Date

Chief Patent Branch
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within 14 days (Ext. 2606).
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Environmental Sciences Division
Savannah River Laboratory
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TECHNICAL DIVISION
SAVANNAR RIvER LABORATORY

DPST-84-718 Sllp. 1

November 19, 1985

TO: DISTRIBUTION d

FROM :

‘“ c“ ‘UANG’W

NATURAL EVENT PROB~ILITIES IN TABULATED FORMS

Ref: Supplement to “Probabilities of Natural Events Occurring
at Savannah River Plant”, DPST-84-718, by J. C. Huang et
at, dated January 21, 1985.

For technical consistency and quality assurance of SAR natural
phenomena risk assessments, the Environmental Technology Division
has developed a standard set of occurence probabilities for
natural events (straight winds, tornadoes, earthquakes, and
meteorites) . Because these probabilities are represented by
curves plotted on logarithmic scales, you may encounter
difficulties of reading the numbers. Therefore, it has been
suggested that these probability curves be tabulated for your
convenience.

The tabulated probabilities in the attached sheets are prepared
either by direct reading from the curves or by calculation from
appropriate formulas as described in the referenced document.
Table S-1 shows the probabilities of high-velocity straight winds
as a function of wind speed. The point probabilities of tornadoes
as a function of wind speed are shown in Table S-2. Table S-3
shows the probabilities of earthquakes in terms of peak ground
acceleration (pGA). The probabilities of meteorite impact from
various sizes are shown in Table S-4.
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TABLE S-1 PROBABILITIES OF HIGH-VELOCITY STRAIGHT

Wind Speed
(mph)

50..
60..
70..
80;:
90..

100 . .
110 . .
120 . .
130 . .
140 : :
150 . .
160 . .
170 . .
180 . .
190 . .
200 . .
210 . .
220 . .
230 . .
240 . .
250
260 : :
270 : :
280 . .
290 . .
300 . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Occurrence Probability
(per year)

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .
. . . . . . . . . . . .

2.4 X

1.1 x

4.5 x
1.8 X

7.4 x
3.0 x
1.2 x
4.9 x
2.0 x
8.1 X

3.3 x
1.3 x
5.3 x
2.2 x
8.7 X

3.5 x
1.4 x
5.7 x
2.3 X

9.4 x
3.8 X

1.5 x
6.2 X

2.5 X

1.0 x
4.0 x



TABLE S-2 POINT PROBABILITIES OF TORNADOES

Wind Speed Occurrence Probability
(mph) (per year )

50. . . . . . . . . . . . . . 7.2 X 10-4
60. . . . . . . . . . . . . . 5.2 X 10-4
70. . . . . . . . . . . . . . 4.0 x 10-4
80. . . . . . . . . . . . . 3.0 x 10-4
90... . . . . . . . . . . : 2.1 x 10-4

100. . . . . . . . . . . . . . 1.5 x 10-4
110. . . . . . . . . . . . 1.0 x 10-4
120. . . . . . . . . . . . : : 6.8 x 10-5
130. . . . . . . . . . . . . . 5.0 x 10-5
140. . . . . . . . . . . . . . 3.8 X 10-5
150. . . . . . . . . . . . . . 2.6 X 10-5
160. . . . . . . . . . . . . 1.6 X 10-5
170. . . . . . . . . . . . . :
180 .

1.2 x 10-5
8.0 X 10-6

190. ::: : : :: : : : : : : 5.0 x 10-6
200. . . . . . . . . . . - . 4.1 x 10-6
210 . . . . . . . . . . . . . : 2.2 x 10-6
220. . . . . . . . . . . . . 1.5 x 10-6
230. . . . . . . . . . . . . : 1.0 X 10-6
240.. . . . . . . .. .. . . 7.2 X 10-7
250 . . . . . . . . . . . . . . 4.6 X 10-7
260. . . . . . . . . . . . . . 3.0 x 10-7
270. . . . . . . . . . . . . .
280 . .

2.0 x 10-7
1.2 x 10-7

290. . ::: : : : : : : : : : 7.8 x 10-8
300. . . . . . . . . . . . . . 5.6 X 10-8



TABLE S-3 PROBABILITIES OF EARTHQUAKES

PGA Occurrence Probability
~ (per year)

0 .03 . . . . . . . . . . .

0 .04 . . . . . . . . . . . :::
5.0 x 10-2

0.05. . . . . . . . . , .
2.3 X 10-2

0.06. . . . . . . . . . . :::
1.2 x 10-2

0.07. . . . . . . . . . .
8.8 x 10-3

0.08. . . . . . . . . . . : : :
5.4 x 10-3

0.09. . . . . . . . . . . . .
3.7 x 10-3
2.7 X 10-3

0.10. . . . . . . . . . . . . :
0.11. . . . . . . . . . .

2.0 x 10-3

0.12. . . . . . . . . . . :: :
1.5 x 10-3

0.13. . . . . . . . . . .
1.1 x 10-3
8.0 X 10-4

0.14. . . . . . . . . . . :: :
0.15. . . . . . . . . . . .. .

6.0 X 10-4
5.2 X 10-4

0.16. . . . . . . . . . . . . . 4.2x10-4
0.17. . . . . . . . . .
0.18. . . . . . . . . . : “::

3.5 x 10-4

0.19 . . . . . . . . . . . :. .
2.8 X 10-4
2.4 X 10-4

0.20. . . . . . . . . . 2.0 x 10-4
0.21. . . . . . . . . . ::: :
0.22. . . . . . . . . . .

1.8 X 10-4
1.5 x 10-4

0.23. . . . . . . . . . . : : :
0.24. . . . . . . . . . .

1.3 x 10-4
1.1 x 10-4

0.25. . . . . . . . . . . :::
0.26. . . . . . . . . . .

9.0 x 10-5

0.27. . . . . . . . . . . :::
8.0 X 10-5
7.0 x 10-5

0.28. . . . . . . . . . . . . .
0.29. . . . . . . . . . .

6.0 X 10-5

0.30. . . . . . . . . . . : : :
5.2 X 10-5
4.8 X 10-5



TABLE S-4 PROBABILITIES OF METEORITES

Weight Occurrence Probability
(tons) (per year)

lx
lx
lx
lx
lx
lx
lx
lx
lx
lx
lx
lx
lx
lx
lx

10-1
100
101
102
103
104
105
106
107
1138
1139
1010
1011
1012
1013

. . . . . . . . . . .. . . .

. . . . . . . . . ..O . .

. . . . . . . . . . . . . .

. . . . . . . . . . . . . .

. . . . . . . . . . . . . .

. . . . . . . . . . . . . .

. . . . . . . . . . . . . .

. . . . . . . . . . ..OO

. . . . . . . . . . . . . .

. . . . . . . . . . . . . .

. . . . . . . . . . . . . .

. . . . . . . . . . . ..O

. . . . . . . . . ..O .0

. . . . . . . . . . . . .-

. . . . . ..% . . . . . .

2.1 x
1.9 x
1.8 X
1.6 X
1.4 x
1.3 x
1.1 x
1.0 x
9.0 x

8.0 X
7.0 x

6.0 X
5.0 x

4.5 x

3.5 x

10-10
1I)-10
10-10
10-10
1I3-10
10-10
10-10
1IJ-10
10-11
10-11
10-11
10-11
10-11
10-11
10-11

I


