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ABSTRACT

The Hanford Site has been the subject of numerous
natural hazard studies. These studies have supported the
siting and construction of nuclear reactors, the siting and
characterization of a potential high-level nuclear waste
repository, the routine operation of process facilities, and
waste management. The natural hazard models resulting
from these studies are compared to the models promulgated
by the Lawrence Liveraore National Laboratory for use in
the design and evaluation guidelines for U.S. Department of
Energy facilities.

Probabalistic seismic hazard studies completed for the
Washington Public Power Supply System's Nuclear Plant 2 and
for the U.S. Department of Energy's N Reactor sites, both
on the Hanford Site, suggested that the Lawrence Livermore
National Laboratory seismic exposure estimates were lower
than appropriate, especially for sites near potential seismic
sources. A probabilistic seismic hazard assessment was
completed for those areas that contain process and/or waste
management facilities. The lower bound magnitude of 5.0 is
used in the hazard analysis and the characteristics of small-
magnitude earthquakes relatively common to the Hanford
Site are addressed. The recommended ground motion for
high-hazard facilities is somewhat higher than the Lawrence
Livermore National Laboratory model and the ground motion
from small-magnitude earthquakes is addressed separately from
the moderate- to large-magnitude earthquake ground motion.

The severe wind and tornado hazards determined for the
Hanford Site are in agreement with work completed
independently using 43 years of site data. The low-
probability, high-hazard, design-basis flood at Che Hanford
Site is dominated by dam failure on the Columbia River.
Further evaluation of the mechanisms and probabilities of
such flooding is in progress. The Hanford Site is downwind
from several active Cascade volcanoes. Geologic and
historical data are used to estimate the ashfall hazard.

1.0 HAZARD/SAFETY CLASSIFICATION AND
NATURAL PHENOMENA

Design and evaluation guidelines for
U.S. Department of Energy (DOE) facili-
ties subjected to natural phenomena haz-
ards have been promulgated by the
Lawrence Livermore National Laboratory
(LLNL) for the DOE. These guidelines

are intended (1) to control the level
of conservatism introduced in the
design/evaluation process so that
natural phenomena hazards are treated
in a consistent and uniform fashion at
the various DOE sites, and (2) to ensure
that the level of conservatism is
appropriate for the use/mission of the
facility being assessed. Four facility

Second D O E Natural Phenomena Hazards Mitigation Conference - 1989

299



uae/hasard classification levels are
presented and an annual probability of
exceedance (hazard level) or annual
number of events are given for each
phenomena at the four classifications.

Probabilistic assessments of nat-
ural phenomena hazards occurrence at
the DOE sites were completed by LLNL
and their contractors. A probabilistic
seismic haxard study of the Hanford Site
was completed by TERA Corp., Inc. in
1978 with the results reported by LLNL
In UCRL-53582 [1], The hazard models
for tornadoes and extreme winds for
eight DOE sites including the Hanford
Site are reported in UCRL-53526 [2].
A probabilistic flood hazard study was
completed for the N Reactor [3] and is
reported, along with the other DOE
sites, in UCRL-53851 [4],

These natural hazard models of the
Hanford Site were reviewed and compared
to Site-specific studies completed on
the Ranford Site. This paper presents
the data and interpretations that support
Vestinghouse Hanfords assessment of the
natural phenomena design criteria and
provides technical support for any
revisions to the design criteria.

2.0 EARTHQUAKE STRONG GROUND MOTION

2.1 BACKGROUND

The Hanford Site has been the subject
of many seismotectonic studies, espe-
cially during the last 10 yr. These
studies are summarized in the final
safety analysis reports (FSAR) for
Washington Public Power Supply System
(Supply System) nuclear power plants
IS,6] the preliminary safety analysis
report (PSAR) for the Skagit/Hanford
Site nuclear power plants [7], and the
Hanford Site Characterization Plan-
Consultant Draft [8] that summarizes
seismic data and tectonic interpretations
completed for the Basalt Waste Isolation
Project. These data include, but are not
limited to, the identification of
specific potential earthquake-generating
faults, detailed earthquake monitoring

data, multiple tectonic models to aid
in the interpretation of faulting in
the area, deterministic assessments of
the seismic hazard at the Supply System
site, and a detailed probabilistic
seismic hazard evaluation for the
Supply System site.

The primary earthquake-generating
structures considered to be capable by
the U.S. Nuclear Regulatory Commission
(NRC) [9,10] are the Rattlesnake-Wallula
Alignment (RAW) and the Gable Mountain/
Gable Butte structure (Figure 1). The
facilities on the Hanford Site are at
various distances from these and other
potential earthquake sources, there-
fore, the total seismic exposure is
not the same for all locations. It
was decided that a probabilistic seismic
hazard analysis should be done to
address the various facility locations
and ensure incorporation of geologic
and seismic data not available in 1978
when the TERA study was completed.

A probabilistic seismic hazard as-
sessment was completed by Woodward-
Clyde Consultants (WCC) for the 100-N,
200 East, 200 West, 300, and 400 Areas
on the Hanford Site [11j. The methodol-
ogy and data base used are generally
the same as those used by WCC for the
Supply System WNP-2 FSAR (see Appendix
2.5K [5]), in the seismic hazard assess-
ment of the Hanford Site [12], and for
the seismic exposure study of the N
Reactor [13]. The earthquake recur-
rence model used In the original study
[5] does not represent the seismiclty
of the Site as it is understood today.
A recent detailed study of the histori-
cal and instrumentally recorded seismic
record was completed by Pacific North-
west Laboratory (PNL) [14], The results
of this seismlcity study show that the
earthquakes of magnitudes 4.0 to 5.7
were underestimated in the Supply
System study and that earthquakes of
magnitudes greater than 5.7 were over-
estimated (Figure 2). The revised
recurrence model [14] was used in the
probabilistic analyses supporting this
study [11].

Second D O E Natural Phenomena Hazards Mitigation Conference - 1989

300



m
119°

.100N

G«bk Mountain-
Gabl* Butt*

Potential source considered in seismic analysis;
tics indicate segment boundaries described in text

10

Anticlinal ridge beyond 50-km radius

Figure 1. Location Hap.

76905163.11

1,1 LOWBR BOUND MAGNITUDE

The range of earthquake magnitudes
that should be included in a seismic
hazard analysis must be defined. The
upper bound magnitude is defined by
determining the maximum size of the
earthquakes that can be generated by the
sources (faults) in the area. The lower
bound or smallest magnitude earthquake
to be considered is determined by the
engineering characteristics of the
earthquake ground motions and their
potential for causing damage to facili-
ties. Recent studies have been made of
the engineering characteristics of the
earthquake ground motions 115,16] and
eapirical data have been gathered from
engineered facilities that have been
subjected to ground motion where the

ground-motion characteristics were
recorded [17]. Two conclusions can be
drawn from these and other related
studies:

1. Earthquakes with ML <5.0
appear to be generally in-
capable of damaging even
stiff (high-frequency), well-
engineered structures and
equipment [18].

2. Small-magnitude earthquakes
(ML <5.0) generally have a
narrow frequency band, short
duration and often lack low-
frequency ground motion [16],
As such they are not repre-
sented by a broad-frequency-
band response spectra like the
Newaark-Hall spectrum.
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Figure 2. Earthquake Recurrence
Comparison.

Probabilistic seismic hazard studies
have often Included small-magnitude
earthquakes,. A comparison of probabi-
listic seismic hazard studies of the
eastern United States (EUS) nuclear
power plants (NPP) [19] demonstrated
that Including small-magnitude earth-
quakes considerably Increased the
seismic exposure at those sites with
relatively high occurrence of small
earthquakes. However, there Is a
general lack of data that Indicate
damage to engineered structures, espe-
cially NPPs, from small-magnitude earth-
quakes [20]. The most recent study of
EUS NPPs completed by LLNL for the NRC
Is, therefore, based on a lower bound
magnitude of 5.0 ML [21]. The LLNL
cautioned that the seismic safety of
brittle components of NPP Systems
(e.g., relays) may need to consider the
effect of the small-magnitude earth-
quakes that are not Included In the
hasard studies.

The Hanford Site Is within an area
of primarily micro-earthquakes
(1.0 < M < 3.0) and small-magnitude
earthquakes (3.0 < M <5.0) with a much

lower probability of moderate (5 ( H (
7.0) earthquakes. Because the sels-
nicity la dominated by micro- and
•mall earthquakes, their Inclusion in
the seismic hazard model would Increase
the seismic exposure of the Hanford Site
compared to only considering magnitudes
greater than 5.0. This is especially
true in locations proximal to the Gable
Mountain/Gable Butte structure where the
majority of the expected earthquakes are
less than magnitude 5.0. The faults on
this structure are considered to be
capable generating magnitude 5 ̂  0.5
earthquakes [9,10]. ~~

As previously discussed, current
studies Indicate that the ground motion
from small earthquakes (H < 5.0) is not
a significant factor in damage to
laterally braced structures and that the
response spectra for these earthquakes
are not represented by a broad-band
response spectra such as Newmark-Hall.
Therefore, the ground motions considered
in the WCC study [11] include contribu-
tions from magnitude 5.0 to 7.5 earth-
quakes. The upper-magnitude earthquake
is based on the fault characteristics
as discussed in the VCC study. However,
because the Hanford Site and surrounding
area has a relatively high rate of
low-magnitude earthquakes, a response
spectra characteristic of small-
magnitude earthquakes in the area
should be considered in the design and
qualification of components and equip-
ment that must remain operable during
and/or immediately following a seismic
event.

2.3 SEISMIC HAZARD MODEL

The seismic hazard curves for the
100-N, 200 East, 200 Vest, 300, and
400 Areas are shown in Figure 3. These
curves represent the randomly oriented
peak instrumental horizontal ground
motion from earthquakes of magnitude
<5.0 from known potential selsmogenlc
sources. The hazard curves can be
divided into two families. The 300 and
400 Area hazard curves are lower (appro-
ximately 0.12 to 0.14 g at 2 x 10~*
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Figure 3. Seismic Hazard Curves.

probability of exceedance or events/year)
than the remaining areas (approximately
0.16 to 0.18 g at 2 x 10~* events/year).
The lower values at the 300 and 400
Areas primarily result from a lower con-
tribution from the Gable Mountain/Gable
Butte structure (see Figure 1). The RAW
is the major contributor to the 300 and
400 Areas seismic hazard. The exposure
from 4.0 £ M < 5.0 earthquakes, not in-
cluded in the, seismic hazard curves, is
considerably less in the 300 and 400
Areas because of the greater distance
from the Gable Mountain/Gable Butte. At
10-3 events/year, all sites are less than
0.08 g and at 2 x 10"3 events/year, all
sites are less than 0.05 g(see Figure 3).

The 100-N and 200 Areas have quite
similar seismic hazard curves; however,
the individual contributors are differ-
rent. For example, the 100-N Area has
considerably more exposure from the
Saddle Mountains and Frenchman Hills
(see Figure 1), but less from the other
sources. A slightly higher exposure at
200 West than at 200 East results pri-
marily from the proximity of Yakima
Ridge to the 200 West Area (WCC 1989).

2.4 RESPONSE SPECTRA

A Ntwmark-Hall median response
spectrum shape for a sediment sit* la
recommended for the Hanford Site In th«
LLNL guidance. This broad-frequency-
band shape most closely represents the
ground motion for earthquakes of magni-
tudes greater than 6.0 and strong motion
durations longer than 3 s. Earthquakes
of magnitudes less than 6.0 generally
contain a narrower frequency band of
strong ground motion and are of short
duration. In general, earthquakes of
less than 6.0 magnitude do not have
sufficient energy content to be capable
of producing high acceleration of long
duration and broad-frequency content,
all a part of the Newmark-Hall spectrum
[16]. In the 100-N and 200 Areas less
than 15% of the ground motion at 0.20 g
is from earthquakes greater than 6.0
M. In the 300 and 400 Areas less than
30% of the ground motion is from greater
than 6.0 M. The use of the broad-
frequency-band Newmark-Hall shape pro-
vides considerable conservatism as it
tends to overestimate the structural
response to earthquakes less than
magnitude 6.0 [22].

Site-specific response spectra for
a magnitude 4.0 +_ 0.2 earthquake was
developed for the Supply System's WNP-2
site to address the impact of a small-
magnitude earthquake very near the Site
[5] (Amendment No. 37). The amplifica-
tion factors and spectral shape are an
appropriate representation of small
(less than 5.0 magnitude) earthquakes
on the Hanford Site.

2.5 RECOMMENDATIONS

The Newmark-Hall median response
spectra anchored to a 0.15 g peak,
horizontal free-field, ground accele-
ration are appropriately conservative
for the design and analysis of high-
hazard structures in the 300 and 400
Areas (Figure 3). In the 100-N and 200
Areas, the Newmark-Hall spectra anchored
to 0.20 g peak, horizontal free-field,
ground acceleration are recommended for
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Figure 4. Newmark-Hall Median Response Spectrum, Solid
Line; Small Magnitude Median Response Spectra, Dashed Line.

Table 1. Seismic Hazard Comparison.

Facility use

Hanford Site
safety class

LLNL Study

This Study

General use

(SC) SC 4

0.09

0.05

g

g

Low hazard/
important

SC 3

0.12 g

0.08 g

Moderate
hazard

SC 2

0.12 g

0.08 g

High
hazard

SC I

0.17 g

0.15 ga
0.20 gb

a 300 and 400 Areas,
b 100-N and 200 Areas.
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• high-haxard structure. The sp«ctr«
anchored «t 0.20 g are recommended for
high-haiard faciliti«s throughout the
Hanford Sit* as it is conv«nitnt to have
the same sp«ctra for all ar«as(?igur« 4),
This value, 0.20 g, may b* usad as the
maximum horizontal instrumental peak
acceleration for design analyses because
it represents a 12% or greater increase
in the values shown in Figure 3. However,
if an existing structure within the 300
or 400 Area does not qualify using the
0.20 g spectra, the structure qualifi-
cation should be to the 0.15 g spectra.

The seismic hazard at the various
areas on the Hanford Site is quite simi-
lar at the 1 x i0~3 events/year or a re-
turn period of 1,000 yr, varying from
0.06 to 0.08 g(Figure 3). Based on these
values, a peak horizontal acceleration
of 0.08 g is appropriate for moderate-
and low-hazard structures in all the
areas.

Safety Class 1 systems, components,
and equipment that require operability
during and/or immediately after a seis-
mic event should also consider a small-
magnitude, narrow-frequency-band earth-
quake with a duration less than 3 s.
The exposure to small earthquakes is
less in the 300 and 400 Areas than in
the 100-N and 200 Areas because of the
relative distance to the Gable
Mountain/Gable Butte (see Figure 1).

A near-field earthquake with peak
horizontal acceleration of 0.15 g is
recommended for the 300 and 400 Areas
and a peak horizontal acceleration of
0.20 g for the 100-N and 200 Areas
(Figure 4). These median accelerations
approximate a magnitude of 4.0 and 4.5
earthquakes respectively at a distance
of about 3 km. The magnitudes are
representative of the most likely
magnitude contributor at the location.

The results of this study are com-
pared to the LLNL recommended ground
motion in Table 1. The Westinghouse
Hanford Company safety classification
is also related to the facility use

category. Except for high-hazard facil-
ities in the 100-N and 200 Areas, the
acceleration valuet determined in this
study are all less than the UCRL-15910
recommendation.

It is recommended that the Hanford
Sits seismic hazard value for high-
hazard facilities be changed from 0.17
g to 0.20 g and the small magnitude
earthquake be addressed for Safety
Class 1 systems, components and equip-
ment. The more conservative LLNL accele-
rations for the rest of the classes
provide additional margin in the lateral
load capacities of these lower hazard
facilities.

3.0 SEVERE WIND AND TORNADO

Coats and Hurray [2] compiled the
extreme wind and tornado hazard models
for the DOE sites in UCRL-53526, Rev.l.
Two Hanford Site wind and tornado models
were developed for the LLNL. One used
26 yr of Hanford Site data and the other
analyzed data from Valla Walla and
Yakima, WA. The Hanford Site model was
judged most appropriate and is the
basis of the values in Coats and Hurray
[2]. The straight wind speed exceeds
the tornado at both the moderate- and
high-hazard probabilities; therefore,
straight winds govern the design
criteria for nonreactor facilities.
The results of a study using 43 yr of
Hanford Site data compiled for the NRC
by PNL [23] verify the values recom-
mended in UCRL-53526, Rev. 1.

4.0 FLOODING

A probabilistic flood hazard study
of N Reactor site was done for Office
of Nuclear Safety as part of the N
Reactor Probabilistic Risk Assessment
(PRA) [3 & 4]. However, there are some
aspects of the report that have not
been resolved. The revision of the
flood hazards is being deferred until
a complete evaluation of the
probabilistic assessment has been
made.
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5.0 VOLCANIC ASH

There arc several major volcanoes In
the Cascade Rang* vast of tha Hanford
Sit*. Tha only potential volcanic haz-
ard to tha Slta Is ashfall from a larga
aruptlon. Tha closest volcano Is Mount
Adams at a distance of about 160 km.
Mount St. Helens, currently the most
active, is approximately 200 km from
the Hanford Site.

A volcanic hazard {ashfall) probabi-
listic assessment has not been done.
However, based on the geologic record of
the Cascade Range, a recommendation for
ashfall design criteria can be made.
The Supply System's VNP-2 design basis
ashfall [5,6] (Table 2) is equivalent to
an eruption that is expected to occur
every 2,000 to 3,000 yr [24]. The pro-
bability of the Hanford Site being in
the maximum ashfall plume for any single
eruption is considerably less than 1.
Therefore, the return period for the
design basis ashfall would be greater
than 2,000 to 3,000 yr. It is recom-
mended that the design basis ashfall for
the Supply System's WNP-2 is appro-
priately conservative for a high-hazard
facility at the Hanford Site.

A small volume eruption, similar to
the Mount St. Helens May 1980 eruption,
is likely to occur every 500 to 1,000 yr
[24], Again, because the axis of the
maximum ashfall will not always be on
the Hanford Site, the return period for

for maximum ashfall at the Sita would
ba conaidarably grafter than 500 to
1,000 yr. Based on these long return
periods, the design basis ashfall is
only recommended for high-hazard or
Safety Class 1 facilities.
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