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Site-specific earthquake, uniform-hazard response spectra have been defined for the
Department of Energy Oak Ridge, Tennessee, and Portsmouth, Ohio, sites for use in
evaluating existing facilities and desi'gning new facilities. The site-specific response spectra
were defined from probabilistic and deterministic seismic hazard studies following the
requirements in DOE-STD-1024-92, "Guidelines for Probabilistic Seismic Hazard Curves at
DOE Sites." For these two sites, the results show that site.specific uniform-hazard response
spectra are slightly higher in the high-frequency range and considerably lower in the tow-
frequency range compared with response spectra defined for these sites in the past.

INTRODUCTION order to perform these studies, results from
regional geological investigations and soil and rock

Safetv Analysis Reports (SARs) for the exploration programs were reviewed to determine
Department of Energy (DOE) Oak Ridge the site characteristics. In parallel, seismic hazard
Reservation (ORR) sites (Oak Ridge Y-12 Plant, assessments were performed using the Lawrence
Oak Ridge National Laboratory, and the Oak Livermore National Laboratory. (LLNL) [3] and
Ridge K-25 Site) and the Portsmouth (PORTS) the Electric Power Research Institute (EPRI) [4]
Gaseous Diffusion Plant are being updated, methodologies. Some results from these two
Therefore, seismic evaluations of the facilities are methodologies are sigr'.ificantly different from each
being made in accordance with the requirements in other. These differences raise questions on how the
DOE General Design Criteria (GDC) 6430.1A {1] results can be used to develop the seismic hazard
and UCRL-15910, "Design and Evaluation curves. DOE.STD-1024-92,"Guidelines for Useof
Guidelines for Department of Energy Facilities Probabilistic Seismic Hazard Curves at Department
Subjected to Natural Phenomena Hazards," [2] to of Energy Sites," [5] describes these differences and
support the SAR updates. The purpose of this provides an approach for using the two
paper is to present the development of the site- methodologies to develop the seismic hazard
specific earthquake uniform-hazard response curves. This approach was used for combining the
spectra (UHRS) to be used in the seismic results of the two methc_dologies, supplemented
evaluations for the SARs. with additional evaluations for peak spectral

velocities, to determine the site-specific UHRS.
UCRL-15910 allows for development of site-

specific studies to establish seismic hazard curves LOCATION AND DESCRIPTION OF
suitable tor use in evaluations and analyses. In THE SITES

Research sponsored by the Office ot"Assistant Secretary. for The ORR and PORTS si_es are in the eastern

Nuclear Energy. and the Office of Assistant Secretary for United States, as depicted in Figure 1. The ORR
DefensePrograms. U.S. Department of Energy, under contract Y-12 Plant is about 3 miles south of the center of

DE-AC05-840R21400 w_th Marttn Marietta Energy Systems. Oak Ridge, Tennessee, and its primarv mission hasInc. Accordingly, the U.S. Government retains noncxclusive
royalty-free license to publish or reproduce the published form been production of nuclear weapon components.
of this contribution or to allow other,s to do so for U.S. ..The Oak Ridge National Laboratm'y is about 8
Governmentpurlr',ses, miles southwest of Oak Ridge and is one of the
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DISCLAIMER

This report was prepared as an account of work sl_nsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe.
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



largest scientific and technological multiprogram calculated for peak spectral velocities (PSV) at
• research and development laboratories in the frequencies of 25, I0, 5, 2.5, 1.0, and 0.5 Hz in

world. Its primary objective is to develop new and order to define response spectral values.
environmentally acceptable energy technologies.
The K-25 Site is about 12 miles west of Oak The dominant magnitudes and distances for the
Ridge. The K-25 Site was previously known as the earthquakes controlling the hazard were deter-
Oak Ridge Gaseous Diffusion Plant; however, the mined for the PGA and the maximum PSV (at 2.5
gaseous diffusion plant was shut down in 1985. The Hz). These parameters were determined for use in
K-25 Site now is involved in a number of programs the generation of representative time histories and
related to development of energy production, for subsequent use in deterministic evaluations.
demonstration facilities for enrichment process, The EPRI seismic hazard results were used to
and waste disposal of hazardous materials, determine the dominant magnitudes and distances

because their spectral velocity hazard curves are
The PORTS site is about 4 miles southeast of based more on direct spectral ordinate ground-

Piketon, Ohio. Uranium hexafluoride is enriched motion models than on standard spectral shape
in the U-235 isotope at the plant for eventual use ground-motion models. The LLNL results were
in commercial nuclear power reactors and in not used for this purpose because their spectral
military, applications, velocity hazard curves are based more on the use

of standard spectral shape models, rather than on
Both the ORR and PORTS sites have relatively direct ordinate models. The effect of the direct

shallow soil deposits overlying sound, competent spectral ordinate and standard spectral shape
bedrock• The surface bedrock at the ORR sites is models is illustrated by Toro and McGuire [8] in
generally limestone and shales in the valleys and an assessment study of the 1988 Saguenay
sandstones and siliceous carbonate rocks on the earthquake. The standard spectral shape is
ridges. The thickness of soil overburden at the typically based on statistical analysis of large
ORR sites ranges from about 10 to 50 ft. For most (M>7) earthquakes, while the direct spectral
of the critical structures, the soil overburden has ordinate method is based on a specified magnitude,
been excavated and the structures' foundations are distance, and site conditions.

supported on bedrock. The surface bedrock at
PORTS is shale, siltstone, and sandstone, and the The dominant magnitudes and distances from
thickness of the soil overburden is generally about the EPRI seismic hazard results are listed in Table
30 ft. The structures at PORTS are ali supported 1. The magnitudes and distances are listed for the
on the soil overburden• annual exceedance probabilities of 2 × 10"_, 1 x

10.3, and 2 × 10"4per UCRL-15910. The ORR
Based on these site conditions, site-specific sites are controlled by moderate-size earthquakes

UHRS were developed for rock outcrop motions (mb of 5.6 tO 6.1) at close distances (25 to 85 km).
and will be used as input for modeling soil The PORTS site is controlled bv moderate-size
conditions where needed. The modification of the earth-quakes (mb of 5.6 to 6.2) at longer distances
motions for the soil conditions has been completed (46 to 205 km).
for PORTS, but this paper presents only the rock
outcrop UHRS. DOE-KIT)-1024-92

AND EPRI SEISMIC HAZARD The differences in the seismic hazard result from

RESULTS the LLNL and EPRI methodologies have been an
issue since their completion. To resolve these

The seismic hazard results from the EPRI differ:nces and to allow the results of the two

methodology were calculated by Risk Engineering, metho,1ologies to be used at DOE sites, DOE
Inc., and the results from the LLNL methodology developed guidelines for combining the results to
were calculated by LLNL. The results are pre- obtain pseudo mean PGAs and for determining
sented in reports [6][7] for each site prepared by site-specific response spectra. These guidelines are
Risk Engineering, Inc. Figures 2 and 3 show the defined in DOE-STD-1024-92.
seismic hazard curves for peak ground (rock)
acceleration (PGA) for ORR and PORTS respec- The recommendations in DOE-STD-1024-92 for
tively and illustrate the differences in the results combining the EPRI and LLNL hazard results are
from the two methodologies. Similar results were as follows:



a.

1. Use the PGA probabilistic median seismic 3. Scale the spectra for each magnitude and
• hazardcurves from both the LLNL (without expert distance combination to the corresponding ground

5) and EPRI studies, motion parameter value associated with the
appropriate annual probability listed in UCRL-

2. Enter the two studies at the target probabilities 15910. For example, scale the median spectra for
(2 x 10"3,I x 10"j,and 2 x 10"4)per UCRL-15910 the magnitude and distance controlled by the PGA
and geometrically average the resulting two PGAs. to the pseudo mean PGA and scale the median

spec.tra for the magnitude and distance controlled
3. Multiply the resulting PGA by 1.80 for the by the maximum PSV to the pseudo mean PSV.
probabilities of 2 x 10"_and 1 x 10.3 and 1.65 for The corrections factors of 1.8 and 1.65 were
the probability of 2 x 10.4to represent uncertainty developed based on the uncertainty in PGA
in the hazard analysis. The derivation of these seismic hazard curves. Since the uncertainty is less
multiplication factors is explained in DOE-STD- stable and greater for the PSV seismic hazard
1024-92. The factors are used to determine a curves, the use of 1.8 and 1.65 to obtain a pseudo
pseudo mean PGAfrom the averagemedian PGA. mean PSV may not be appropriate. If this

approach is selected, justification should be
4. Using the PGA from 3 above, anchor a median provided for the PSV value selected.
standardized spectral shape such as the median
spectral shape defined in NUREG/CR-0098 [9] or 4. Envelop the two resulting spectra to create a
a deterministic site-specific derived median spectral single response spectrum.
shape. In ali cases the spectral shape should be
consistent with the rock or soil conditions at the The combinations of the LLNL and EPRI
site. For those sites that implement a deterministic hazard results to obtain the pseudo mean PGA
site-specific spectral shape, information contained and PSV for ORR and PORTS are shown in Table
in the probabilistic seismic hazard analysis should 2. The site-specific spectra for the annual hazard
be used to establish the appropriate magnitude and exceedance probability of 1 x 10.3 for the PGA
distance, and PSV dominant magnitudes and distances are

shown in Figures 4 and 5. The unscaled spectra
Interim guidance in DOE-STD-1024-92 for shown in these figures are calculated using the

development of deterministic spectral shapes is as dominant magnitudes and distances along with the
follows: ground motion attenuation function of McGuire,

ct al. [10]. The scaled spectra are the unscaled
i. At the probability of interest, determine the spectra anchored to the pseudo mean PGA and
dominant magnitudes and distances for PGA and PSV. Also shown is a comparison of the spectra
maximum PSV. It is recommended that the stabil- with the spectra derived from NUREG/CR-0(F)8.
itr of the magnitude and distance combination be
assessed at other probabilities (such as 5 to 10 These scaled spectra were compared to actual
times lower than the probability of interest), given earthquake response spectra for eastern U.S. types
the issues with the uniform hazard spectra. The of earthquakes with similar site conditions,
issues with the uniform hazard spectra are the magnitudes, and distances. The actual earthquake
combination of standard spectral shape models records selected are tabulated in Tables 3 and 4.
with direct spectral ordinate methods, and the The response spectra from the actual earthquake
uncertainty distributions associated with the records were scaled to the pseudo mean PGA and
uniform hazard spectra appear to be less stable PSV and are compared to the response spectra
than the PGA seismic hazard curves, calculated from the attenuation function of

McGuire, et al. in Figures 6-9. These comparisons
2. Develop the deterministic median response show a reasonable similarity in the median
spectra for each magnitude and distance combi- response spectra shapes.
nation. Guidance can be found in U.S. Nuclear

Regulatory. Commission Standard Review Plan, As indicated in the DOE-STD-1024-92guidance
Section 2.5.2, regarding methods to develop site- for developing the deterministic spectral shape, the
specific spectral shapes. The development of factors of 1.8 and 1.65 used for determining the
median response spectra should address the issue pseudo mean PGA may not be applicable for
of appropriate frequency range for ground motion determining the pseudo mean PSV. The scaling
in the eastern United States. factors were developed mainly for using with the



" EPRI and LLNL PGA results. Examination of the distances obtained from the hazard analyses for the
EPRI and LLNL results for PSV at the ORR and annual probability of exceedance of 1 x 10"3.The
PORTS sites indicates a greater uncertainty than dominant magnitudes were increased by about one-
for PGA. Therefore, additional evaluations are half magnitude units, and the dominant distances
necessary to determine the PSV for the site- were reduced by about one-half. For the ORR and
specific response spectra. PORTS sites, increasing the magnitude controlled

the maximum PSV.
PSV EVALUATIONS

4. Scaled the site-specific response spectra
The following additional evaluations were developed for the Perry and Sequoyah Nuclear

performed to supplement the DOE-STD-1024-92 Power Plants to the site pseudo mean PGAs.
guidelines for determining the PSV for site-specific These nuclear plant sites are rock sites and have
response spectra: similar magnitudes and distances as ORO and

PORTS for their site-specific earthquakes. The
1. Determined ratios of PSV/PGA using, various Perry plant site-specific earthquake was defined as
ground motion attenuation functions for the a magnitude 5.3 + 0.5 at a distance of 0-25
eastern United States. The attenuation functions kilometers, and the Sequoyah plant earthquake was
used were McGuire, et al., [10] and Atkinson and a magnitude 5.8 + 0.5 at a distance of 0-25
Boore [11]. These ratios were used with the kilometers. Both plants obtained actual
pseudo mean PGAs to determine the PSVs for earthquakes withthesec.haracteristics for rocksites
each site. The differences between eastern and and determined the 50th and 85th percentile
western U.S. ratios were examined by comparing response spectra.
the above with the results obtained from the

ground motion attenuation bv Joyner and Boore Table 5 tabulates the PSVs obtained from these
[12]. For the ORO sites, the PSV/PGA ratios additional evaluations for each site and compares
ranged from 11 to 20 for the eastern U.S. the results with the PSVsobtained from following
attenuation functions for magnitudes and distances the DOE-STD-1024-92 guidelines. This
associated with annual probabilities of exceedance comparison indicates that PSVs should be
of 2 × 10"_ to 1 × 10s. For the western U.S. increased to account for the uncertainty. The fina_
attenuation functions, the PSV/PGA ratios for selected values are shown in Table 5.

ORR ranged from 20 to 38. For the PORTS site,
the PSV/POA ratios ranged from 13 to 38 for the CONCLUSIONS
eastern U.S. attenuation functions and from 12 to

28 for the western U.S. attenuation functions. Site-specific UHRS for rock outcrop motions for
These comparisons suggest that PSV/PGA ratios ORR and PORTS sites are shown in Figures 10
for rock sites are smaller in the eastern United and 11. These spectra are based on combining the
States for moderate-magnitude earthquakes at EPRI and LLNL probabilistic hazard results and
closer distances to the sites and about the same for developing a deterministic spectral shape in
moderate-magnitude earthquakes at longer accordance with DOE-STD-1024-92. The spectral
distances from the sites. The main reason the shape has been modified in the PSV region to con-
ratios are smaller for the closer distances is that sider the greater uncertainty associated with low-
the PGAs are larger for the near-field type eastern frequency ground motions, as shown in Table 5.
U.S. earthquakes.

For these two sites, the site-specific UHRS are
2. Reviewed the EPRI 85th percentile peak slightly higher in the high-frequency range and
spectral velocities for 2.5, 1.0, and 0.5 Hz. The considerably lower in the low-frequency range
LLNL 85th percentile peak spectral velocities were compared to the response spectra defined in
not used because their ground motion attenuation UCRL-15910. The response spectra defined in
models are controlled by standard spectral shapes UCRL-15910 are based on the NUREG-0098
and therefore do not reflect site-specific definition of response: spectra. The NUREG-0098
conditions, response spectral shapes are based on standardized

response spectra shape developed to generally
3. Determined the sensitivitv of the UHRS, envelop allsite conditions (rock, shallow soil, deep
obtained by using the DOE-STD-1024-92 soil, etc.), ali magnitudes, and ali distances. The
guidelines, to a range of dominant magnitudes and low-frequency part of the NUREG-0098 response



• spectraiscontrolledby large-magnitudeearth- NUREG/CR.5250, UCID-21517,
• quakesat relativelylongdistanceson deepsoil USNRC, 1988.

sites.Theseconditionsresultinconsiderablymore
low-frequency motions and soil amplification than [41 Technical Report NP-4726-A, Electric
are expected for rock sites, such as ORR and Power Research Institute, "Seismic Hazard
PORTS, where the hazard is controlled by Methodology for Central and Eastern
moderate-magnitude earthquakes at relatively United States," Vols. 1-11, Rev. 1, 1988.
closer distances with no soil amplification effects.
The reason for the differences in the high- [5] U. SS. Department of Energy Standard,
frequency, part of the response spectra is because "Guidelines for USE of Probabilistic
eastern U.S. earthquake recordings generally show Seismic Hazard Curves at Department of
larger motions at higher frequencies than western Energy Sites," DOE-STD-1024-92, 1992.
U.S. earthquake recordings. The response spectral
shape in NUREG-0098 is based mainly on western [6] Risk Engineering, Inc., "Seismic Hazard
U.S. earthquake records. Therefore, site-specificre- Evaluation for the Portsmouth Gaseous
sponse spectra for an eastern U.S. rock site should Diffusion Plant, Portsmouth, Ohio,"
be greater in the high-frequency range than the prepared for Martin Marietta Energy
response spectra defined in NUREG-0098. Systems, K/GDP/SAR/SUB-2/R1, 1992.

These site-specific UHRS are being used to [7] Risk Engineering, Inc., "Seismic Hazard
evaluate existing facilities and to design new Evaluation for the Department of Energy
facilities at each site. Oak Ridge Reservation, Oak Ridge,

Tennessee," prepared for Martin Marietta
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• Table 5. Peak Spectral Velocities (10Vsec)
i,i __ ,,,,, __ ,i iiii i nUll

Annual PSV/PGA EPRI Sensitivity Scale DOE-STD- Selected
Exceedatce 85% of Mb &d Nuctem' 1024-92 Valu_
Prabability Plant

_ ii i i i i

2 X 10.3 0.9- 1.4 1.5- 1.8 1.7-2.5 1.25 2.0
,, i i i lUUll inuuu ii

rr- 1 x 10.3 14 - 2.2 2.0 - 2.5 2.0 - 2.5 2.7 - 4.1 1.9 3.0
-_
t'_ "

0
2 x 10.4 3.2 - 4.9 4.0 - 5.7 6.0 - 9.2 4.2 6.5

n n i i unl

_,- 2 x 10.3 0.6 o 1.0 1.0 - 1.25 0.85 - 0.9 0.8 1.1
_ -, , i i i ii
o
E 1 x 10.3 0.9- 1.5 1.4- 1.65 0.8- 1.2 1.25- 1.35 1.1 1.5

i i i i

_. 1 x 10.3 1.8- 2.9 2.3 - 3.4 2.5 - 2.6 2.0 3.0
i i in, i _ ii

v _A 93.2927 _m
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OAK RIDGE, TN. OAK RIDGE. TA/
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, _2 PLANT ........ -.......... _,m

Figure 1. DOE OAK RIDGE OFFICE SITES
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