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(2009 NEHRP Provisions)
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Figure 22.1 Uniform-hazard (2% in 50-Year) ground motions of 0.2.second spectral
response Acceleration (5% of criticaldamping), Site Class B
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: Issues in the western Kentucky

WHEREAS, the NSHM influences building codes, insurance rates, risk assessments, federal

facilities siting decisions and other public policy issues; and

- The City of Paducah

Because of USGS’s current designation for this area, construction costs are extraordinarily high,
especially when compared to communites in fairly close proximity. As a result of this seismic
rating, this region has lost economic development opportunities that would provide replacement

jobs for these workers. Industrial sites that have been negatively impacted include the Ohio River
Triple Rail Megapark and I-24 Logistics Park in McCracken County and the West Kentucky
Megasite in Graves County as well as individual community industrial sites in this region.

- Paducah Area Chamber of Commerce



. Paducah Gaseous Diffusion Plant
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C-746-U Landfill Design Ground Motion

Seismic Design of the C-746-U
Contained Landfill was
performed using a PGA of 0.4g
(Solid Waste Landfill Technical
Application)

REI updated 1993 study and
calculated PGA of 0.51g

White Paper by Dr. Beavers
evaluated existing landfill design

C-746-U Contained Landfill
Permit reissued with new
seismic requirement identified in
permit condition

"KDWM requested newly
consiructed cells to be designed

to a PGA of 0.8g '

DOE conducted new evaluation
study to fulfill the ground motion
assessment requirements of
permit condition.

DOE conducted reevaluation of
the seismic capacity of the
landfill and associated support
facilities to fulfill the remaining
items of permit condition.

DOE submitted proposal for
seismic hazard reevaluation for
landfill .

DOE submitted Holocene Fault
Study for landfill to KDWM

After applicant submitted the
three phase application
process, regulators approved
operation of the landfill in
November 1996 via Permit No.
073-00045.

Report revision performed for
USEC and driven by NRC.
Determined that existing landfill
design was adequate for PGA
of 0.51g.

Permit appeal filed by DOE;
seismic technical submittals
proposed following “Seismic
Summit” conducted with DOE,
KDWM, and USGS in Frankfort,
KY.

| DOE appeals request and

KDWM agrees to consider a
new study to determine the
PGA value.

New study completed and
submitted to KDWM.

KDWM response that the
submitted information does not
meet requirements of landfill
permit.

Notice of Deficiency received

from KDWM.

(Beavers, 2010)

1994 through 1995

2/20/2001

New permit
condition 2/1/2001
Seismic Summit
held 5/29/2001

TKDWM request

8/10/2001 and
accepts new study
concept
10/31/2001

3/7/2002

9/27/2002

No comments received from 6/30/2010
KDWM on proposal.

10/27/2010
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Subtitle D (40 CFR) mandates:
Minimum design ground motion
of 2% PE in 50 years or 2,500
years return period.

USGS-1996 maps (2% in 50yrs)
PGA of 1.2g (B/C)
PGA of 0.8¢g (hard rock)

Cramer’s Recommendation (2001)
PGA of 0.7g (2% 1n 50yrs)

There 1s no landfill in US
that has been designed for
0.7/0.8g PGA.
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National Seismic
Hazard map for Central PGA inferred from
U.S. - PGA with liquefaction
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(Peie?son and.etheys,2008).~ /

(Holzer and others, 2010)



National Seismic China - Wenchuan
Hazard map for Central  earthquake

U.S. - PGA with

(PetersonJand-otheds, 2008)
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The National Seismic Hazard Maps

Inputs Modeling (computer) Outputs

Hazard curves
and maps

Scientific data

HAZARD CURVES FOR SELECTED CITIES
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Figure 1. Process for developing the 2008 USGS National Seismic Hazard Maps. CEUS, Central United States; WUS,
Western United States.
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Probabilistic Seismic Hazard Analysis — PSHA XD

--- “PSHA 1s a creature of the engineering sciences, not the Earth
sciences, and most of its top practitioners come from engineering
backgrounds™ (Hanks, 1997).

--- the Yucca Mountain PSHA: 11g PGA at 10-8 per year — the
2011 SSA Joyner Lecture (Hanks, 2011)

--- There 1s a debate on PSHA at the 2012 SSA
Debate #2 - PSHA Methodology (3:30 — 5:00pm on Wednesday,
April 18,2012)

--- PSHA is a mathematical formulation derived from a rigorous
probability analysis on distributions (statistical relationships) of
earthquake magnitudes, locations, and ground motion attenuation
(McGuire, 2008).




o The basic formulation of PSHA was generalized in the 1970s using the ‘total probability theorem’:

(McGuire, 2008)

P(Y = ."):Z"i‘// PlY = y|M.R] fm.r(m,r)ydmdr (6)

(A) Scismic source Js . g _
etk lookios Probability = Frequency (1/yr.)?
distribution of
location:

Plfs]

PUISY=f ()

Location /

(B) Size distribution
(magnitude m) and =
rate of occurrence P 51=/, (m) Yj (C exceeds C) = Yj (C a C)
for source j: = YlffP}[C> C,Eat !]P[§atl]d§d1 (4)

P[5] vy,

where
. ut . . .

Magnitudc ; = the frequency with which ¢ is exceeded
from earthquakes at source j

= a vector of source properties

(MCGUII'G, 2004) Ground ¢ + ; = the rate of occurrence of carthquakes of

(C) Ground motion Motion .
cstimation: Level interest at source j

PCo>cfan  Goeseald PJ [C>clsatl] = the probability that ¢ is exceeded at the site,
conditional on an earthquake at source 5
with properties ¥ at location ! (the vertical
line means “given that”)

Pl5atI] = the probability that an earthquake with

yic>a S source properties § occurs at location /
(log scale} N

Illo

Ground Motion Level ¢

(D) Probability analysis: (tog scale) 12
Y [C>c]= E v ] BIC>catl ] Pt 1] dsdl

Figure 2. The steps in performing a PSHA,
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(Cornell, 1968)

are those which cause an intensity at the site in excess of some value 7. The probability;
pi , that any event of interest (M = mg) will be a special event is given by equation 12.

p: = PlI = 1] =%0Gexp [:@i]. (19)

Cy

PlI{ <4 = P[N = 0] = ¢ 7. (21)

If we let /nax equal &, the annual maximum intensity, ¢ = 1, and

Froo = ¢ = exp[—ﬁC’G exp (—% z>:| iz (22)

If the annual probabilities of exceedance are small enough (say <0.05), the dis-
tribution of I...x can be approximated by

1 —Fuiy =1 =1 — (1~ piv)

max

IR

piv

1\

= 3C'G exp (-é z) 0

C

(23)

The average return period, T, of an intensity equal to or greater than 7 is defined as
the reciprocal of 1 — F;{i) or

T¢§~1—exp(§—i> iz (24)



(Cornell, 1968)
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Fic. 4. Numerical example: Intensily versus return period:




HAZARD CURVES FOR SELECTED CITIES
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Probability # Frequency (1/yr.) — Grade School Math

Jm o e g yre e, e vt e T T e et e S, e Y N e LN ST,

Answer the questions by interpreting data from the line graphs.

[. For how mony&ve\éks/did Joel track his weekly Joel's Weekly Running Totals
running totals2 —/15 % p\(—f"

.. How far did Joel run during week 32 4}

%, How many more miles did Joel run in week 6
than in week 58 _1_mi
How many miles in all did Joel run during N s 7 8 510112191915
weeks 5, 6, 7, and 82 M5 i

Weekly Total Miles

1
marathon? 2% ks

Euy5

5. What was the earliest th\ot/om,one finished the Morathon Times

5. Approximately what percent of the 7pie had
finished after 35 hours? _40%:
Approximately what percent of the people had
finished after 6 hours? e
By what time had more than 50% of the people

. . n A
finished? 33 Lis 3 Y 5 6
Hours from Start of Marathon

A

f//

Percent of Participants

(6™ grade math test)
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The National Seismic Hazard Maps

Inputs Modeling (computer) Outputs

Good Scientific Hazard curves

data

and maps ?

Math Is Wrong

HAZARD CURVES FOR SELECTED CITIES
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The problem is the methodology - PSHA  § .. 2
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Maximum Credible Earthquake Ground Motion: Peak Ground Acceleration
on Hard Rock

1. Seismic design of bridge and highway facilities
2. Seismic design of Landfills and other facilities
3. Basis for revision of the Kentucky Residential Code
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C-746-U Landfill Design Ground Motion

Seismic Design of the C-746-U
Contained Landfill was
performed using a PGA of 0.4g
(Solid Waste Landfill Technical
Application)

REI updated 1993 study and
calculated PGA of 0.51g

White Paper by Dr. Beavers
evaluated existing landfill design

C-746-U Contained Landfill
Permit reissued with new
seismic requirement identified in
permit condition

KDWM requested newly
consiructed cells to be designed
to a PGA of 0.8g

DOE conducted new evaluation
study to fulfill the ground motion
assessment requirements of
permit condition.

DOE conducted reevaluation of
the seismic capacity of the
landfill and associated support
facilities to fulfill the remaining
items of permit condition.

DOE submitted proposal for
seismic hazard reevaluation for
landfill .

DOE submitted Holocene Fault
Study for landfill to KDWM
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After applicant submitted the
three phase application
process, regulators approved
operation of the landfill in
November 1996 via Permit No.
073-00045.

Report revision performed for
USEC and driven by NRC.
Determined that existing landfill
design was adequate for PGA
of 0.51g.

Permit appeal filed by DOE;
seismic technical submittals
proposed following “Seismic
Summit” conducted with DOE,
KDWM, and USGS in Frankfort,
KY.

DOE appeals request and
KDWM agrees to consider a
new study to determine the

1994 through 1995

One of Alternatives:
Scenario Hazard Analysis

2/20/2001

New permit
condition 2/1/2001
Seismic Summit
held 5/29/2001

TKDWM request
8/10/2001 and
accepts new study

PGA value. concept
10/31/2001
New study completed and 3/7/2002
submitted to KDWM. . .
Scenario hazard analysis
KDWM response that the 9/27/2002 .
submitted information does not (Cramer’ 20 10) :
meet requirements of landfill
permit.
PGA of 0.36g (bedrock)

No comments received from 6/30/2010
KDWM on proposal.
Notice of Deficiency received 10/27/2010

from KDWM.

Design PGA: 0.33g (surface)

(Beavers, 2010)
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Summary

The National Seismic Hazard Maps have significant
impacts on the society.

The NSHM 1nput data reflects “the best available
sciences’”

However, the hazard curves and maps might not be
scientific because the methodology — PSHA

e The math 1s not correct
e 1% (0.01)=1% (0.01) per year (simply wrong)

Scenario/Deterministic seismic hazard analyses 1s a
good alternative



Thank you!



