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ABSTRACT

On July 5, 2019, the city of Ridgecrest, California, and surrounding areas were shaken by a M7.1
earthquake centered 17 km north-east of downtown. The mainshock produced lateral and vertical
displacements along its 50 km long surface trace of up to 4 m and 2 m, respectively. The closest
recording station to the epicenter registered a peak ground acceleration (PGA) of 0.51g. PGA estimates
ranged from 0.1g to 0.5g within a 93 km diameter from the epicenter. The largest impact was to facilities
and equipment supporting the China Lake Naval Air Weapons Station (NAWS), which includes more
than 2,000 buildings across 4,500 km? in the epicentral region. More than 80 structures were deemed
irreparable and demolished, including large hangars, repair facilities, and laboratories. A few large
electrical and mechanical components were found inoperable following the mainshock and were
replaced. The total repair costs at the NAWS are estimated to have surpassed $ 5 billion.

The Electric Power Research Institute (EPRI) visited a total of 20 sites located within the NAWS
following the earthquake to document the seismic effects on equipment at substations, power generating
plants, pump stations, and a wastewater treatment plant (WWTP). This earthquake was of particular
interest to EPRI because a significant number of facilities were subjected to relatively large ground
motions, and because the naval base personnel were interested in working with EPRI on the
investigation of their facilities, providing important insights on the equipment and system configuration
and performance. EPRI 3002026386 (2023) documents the details of the EPRI post-earthquake
investigation. This paper summarizes the main findings of the investigation and focuses on the most
important lessons learned for the nuclear power industry.

BACKGROUND

The EPRI Seismic Qualification Utility Group (SQUG) instituted a post-earthquake investigation
program in 1985 to facilitate the collection of experience data relevant to the nuclear power industry.
The program goal is to advance the use of earthquake experience data as a cost-effective method for
seismic qualification and fragility evaluation of nuclear power equipment. The EPRI SQUG database
(EPRI, 2020) contains information from thirty-two worldwide earthquakes spanning 1971-2018 and
includes about 3,600 equipment datasets segregated into twenty-eight equipment classes. Twenty of
those classes are associated with a set of equipment-class-specific criteria or “inclusion rules” used to
determine if an equipment item is similar to equipment that performed well in actual earthquakes (e.qg.,
manufacturer, model, equipment configuration, weight and dimension limits, performance ratings) and
“caveats” associated with known failure modes (e.g., adequate anchorage, free of interaction with
surrounding equipment). If these inclusion rules and caveats are met, there is high confidence that the
equipment seismic capacity exceeds generic ground motion response spectra (also known as Reference
Spectrum and Bounding Spectrum) shown in Figure 1. The data has been used for a variety of
applications, including to demonstrate equipment seismic adequacy in response to USI A-46 (e.g.,
Generic Implementation Procedure (GIP) 3A (SQUG, 2001)), to estimate probabilistic seismic
capacities for NPP equipment (e.g., EPRI 3002012994 (2018)), and to derive improved capacities
following a Bayesian inference framework and incorporating new earthquake and shake table testing
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experience (e.g., EPRI 3002011627 (2017), EPRI 3002015996 (2019)). EPRI continues to update the
database by collecting experience data from new earthquakes to expand the volume and diversity of the
data and confirm the established class inclusion rules and caveats remain valid in light of contemporary
seismic events.
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Figure 1. SQUG Reference Spectrum and Bounding Spectrum.
EARTHQUAKE SEQUENCE OVERVIEW

A M7.1 earthquake occurred 17 km north-east of Ridgecrest, California, approximately 200 km north-
east of Los Angeles, on the morning of Friday, July 5th, 2019, at 08:19 p.m. local time. The mainshock
produced lateral and vertical displacements along its 50 km long surface trace of up to 4 m and 2 m,
respectively. According to the U.S. Geological Survey (USGS) earthquake summary (USGS, 2023),
the focal depth of the earthquake was 8.0 km below the surface and PGA estimates ranged from 0.1g to
0.5g within a 93 km diameter from the epicenter (Figure 2). The strongest recorded PGA was 0.57g
(station “CCC”). The mainshock was preceded by a magnitude 6.4 foreshock centered 10 km to the
south-east that struck about 34 hours prior on a separate perpendicular fault. Eleven shocks equal or
greater than magnitude 5.0 were recorded within the first three days. The mainshock triggered the
greatest shaking throughout the epicentral region and caused most of the documented damage.
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Figure 2. Recorded PGAS USGS PGA Contours and NAWS North Rénge Boundary.

The epicentral region is a rather rural area that lies west of Death Valley and Mojave deserts and
includes a few sparse small communities. The most affected areas were Ridgecrest and Trona, which
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are home to 32,000 people (CSSC, 2019). The typical damage included one-story houses knocked off
their foundations, ruptured water and gas lines, fallen power lines, and building fires. Parts of the valley
lost power following the mainshock, but there was not a complete grid blackout. There were many
ground failures investigated in detail by the geotechnical engineering community, including multiple
rockfalls and surface fault ruptures impairing roads, liquefaction manifestations, and water table
fluctuations (GEER, 2019).

The largest impact of this earthquake was to facilities and equipment supporting the China Lake
NAWS, which includes more than 2,000 buildings across 4,500 km? in the epicentral region. More than
80 structures were deemed irreparable and proposed to be replaced (CSSC, 2019), including large
hangars, repair facilities, and laboratories. Multiple electrical and mechanical components were found
inoperable following the mainshock and were replaced, as discussed later in the report. The total repair
costs at the NAWS are estimated to have surpassed $5 billion (Los Angeles Times, 2019).

STRONG GROUND MOTIONS

The USGS PGA contours in Figure 2 were generated using data from 943 recording stations located
within 859 km of the epicenter, plus 4,177 Did-You-Feel-1t (DYFI) reports (USGS, 2023). Digitized
records from 883 stations are publicly available on the Center for Engineering Strong Motion Data
online repository (CESMD, 2023). The station closest to the epicenter (CLC) recorded horizontal PGASs
of up to 0.51g and approached the GIP Reference Spectrum amplitudes (Figure 3). Three instruments
located nearby the NAWS “Mainsite” headquarters (SRT, 05419, and Q0072) registered PGAs in the
0.30-0.369 range (Figure 2). A full list of available recording stations, epicentral distances, acceleration
ground response spectra, and maximum recorded PGAs is included in EPRI 3002026386 (EPRI, 2023).
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Figure 3. Recording Station “CLC” Response Spectra from the 5 July 2019 Mainshock.
SITES INVESTIGATED

The post-earthquake data collection efforts focused on the key power and industrial facilities located in
the epicentral area. The criteria for selecting the NAWS facilities for this investigation included:
» Location in the vicinity of the strongest ground motion estimates
» Likelihood of containing substantial inventories of mechanical or electrical equipment similar to
those within NPP installations
» Ability to obtain access to the facilities within the military base and collect data
» Evidence of abnormal equipment function performance or damage from the earthquake

The EPRI investigation team visited the NAWS twice: December 16, 2021, and October 4, 2022. The
first visit focused on Utility and Energy Management (U&EM) facilities, including substations, pump
stations, and steam plants. The second visit focused on Facilities Management and Sustainment
(FM&S) and Transportation facilities, including yard equipment and electrical and mechanical rooms
in hangars, chiller plant, fuel tank farm, and hospital. The sewage treatment plant, which is operated by
the City of Ridgecrest but falls within the NAWS boundary, was also reviewed in the second trip.
Figure 4 shows the location of the 20 sites visited as well as the available recording stations. EPRI
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3002026386 (EPRI, 2023) includes local acceleration ground response spectra estimates at the 20 sites
visited.

SITES VISITED:
TOW2 -0.44g Q

Q CLC-0.51g Trip No. 1:
1- Boiler 4 Plant
2~ Hangar 5 Substation
3 - Intermediate Pump Station
4 - Liquefaction Fields
5 — NAF Substation
6 — North Substation
7- Sewage Waste Lift Station
8- Skytop Substation
9 — Steam Production Plant 2
10 - Well No. 28
11 - PW Generators Building
12 - Yard near PW Office

4 14 - Paraloft Building
15 — Sewage Treatment Plant
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Figure 4. Location of the 20 Sites Visited by the EPRI Team and Recording Stations.

EXPERIENCE DATA COLLECTION PROCESS

Information on each facility, its performance during the earthquake, and any damage or adverse effects
caused by the earthquake were collected through interviews with the facility management and operating
personnel, reviews of utility internal photos and reports on the earthquake effects and repair efforts,
walkdowns of the individual facilities, and inspection of the equipment and systems. The information
collected at each site was documented in the form of photos of the equipment, rooms, and buildings
visited, walkdown area sketches identifying the location of the equipment cataloged, and walkdown
sheets documenting important equipment information subsequently used to develop the experience data
(e.g., manufacturer, model, equipment configuration, seismic performance). The information collected
for each specific item of equipment was compiled into a single record in a spreadsheet. The resulting
data includes 172 equipment datasets from the 20 sites visited (Table 1).

Table 1: Ridgecrest Records Breakdown by eSQUG Equipment Class.

Equipment Class RNegbl?(;s Equipment Class R'\éc?c.)l?(;s Equipment Class R'\égél?(gs
Air Compressors 4 Fans 2 Motor Control Centers 5
Air Handlers 11 Horizontal Pumps 9 Motor Generators 0
Air Operated Valves 5 Horiz. Tanks & Heat Exchangers 10 Motor Operated Valves 5
Battery Racks 1 HVAC Damper 2 Piping and Tubing 2
Chillers 2 HVAC Duct 3 Sensors 8
Control Panels 22 Instrument Racks 1 Static Inverters & Battery Chargers 3
Cranes 0 Low Voltage Switchgear 1 Transformers 14
Distribution Panels 10 Medium Voltage Switchgear 2 Vertical Pumps 9
Engine Generators 5 Miscellaneous 29 Vertical Tanks (Legs, Skirts, Flat) 7

Total 172

ELECTRIC GRID CONFIGURATION AND PERFORMANCE

The power grid around Ridgecrest is operated by the Southern California Edison (SCE) company. SCE
provides power to the NAWS through four lines: two departing from its Inyokern substation at the
south-west corner of the base and two from the Searles substation to the east (Figure 5). Both substations
are fed by multiple transmission lines and/or power plants. The NAWS operates and maintains the local
distribution grid within its boundaries. Electrical distribution throughout the base is provided by a
network of 41 substations. The NAWS distribution grid is supported by a 14 MW SunPower solar plant
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owned and operated by the NAWS and located at Mainsite (Figure 2). The solar plant was commenced
in 2014 and produces a third of the NAWS annual energy load.
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Figure 5. Power Grid Network Around Ridgecrest.

Smaller than 110 kV

The press reported localized power outages in Ridgecrest and surrounding communities
following both the M6.4 foreshock and the M7.1 mainshock. In both cases, SCE announced power had
been fully restored within 24 hours. According to the NAWS personnel, the base lost onsite power after
both shocks. Power was quickly restored following the foreshock, as the outages were mostly due to
tripped circuit breakers and transformer sensors. The mainshock that hit 34 hours later created more
extensive damage to the NAWS grid. At the time of the mainshock, one of the two transmission lines
entering the base from the Inyokern substation was down for repair. The second Inyokern line and the
Searls lines survived, providing two independent sources of offsite power. The onsite solar plant was
inoperable following the mainshock due to an overturned transformer. The main reason the base grid
went black, however, was because of the numerous instances of damage to onsite distribution lines and
substation equipment. Several distribution lines crossed surface ruptures and a few experienced lateral
differential displacements of up to 4.5 m. Numerous wooden poles broke or tilted, creating contacts and
breaks between lines and tripping substations, thus rendering some distribution lines inoperable. Seven
out of 41 substations suffered equipment or structural damage, including overturned transformers, failed
underground transformer potheads, and shattered foundations. At the time of the second EPRI site visit,
three years after the earthquake, repairs to power lines and substations were still ongoing.

EARTHQUAKE PERFORMANCE OF EQUIPMENT

The NAWS operates a wide range of systems to support research, development, and testing of advanced
ordnance. Because of the unique nature of the base mission, much of the equipment was designed to
increased safety requirements. For example, all the critical systems supporting storage and deployment
of sensitive assets must meet strict grounding specifications (for example, less than 25 ohms). However,
despite the increased mission-critical requirements, some equipment was prone to earthquake damage.
Several structures were built before the1980’s and did not meet today’s seismic building code standards.
The aging base grid infrastructure was mostly developed in the 1940-50’s and required periodic repairs.
Older mechanical and electrical equipment often lacked isolators and proper anchorage. The earthquake
uncovered the existing seismic vulnerabilities and significantly impacted the base mission because it
rendered many critical systems inoperable.

Following the July 5, 2021 M7.1 earthquake occupational or use restrictions were imposed on
about 20% of the buildings, including Hangar 3, Michelson Laboratory, Propulsion Laboratory, and
several ammunition storages (The War Zone (2019)). Structural damage included cracks in concrete



27" International Conference on Structural Mechanics in Reactor Technology
Yokohama, Japan, March 3-8, 2024
Division V

foundations and columns, joint failures in steel braces and beams, and separation of staircases from
supporting structures. At least three buildings suffered flooding due to water pipe breaks. More than 20
facilities have been since scheduled for replacement. The structural repair and replacement costs
(excluding equipment) have been estimated to be over $2 billion (Los Angeles Times, 2019). Damage
to equipment was still being discovered and counted three years after the earthquake, due to the large
number of components and vast installation area. The FM&S group manages more than 6,000 assets
over 800 buildings, some of which are located 1.5-hour drive from Mainsite. Reviewing and fixing such
a large inventory turned out to be a massive undertaking. The first few months after the earthquake were
dedicated to resolving emergency situations and securing the base mission. The asset review and repair
activities were prioritized based on the asset mission importance, and not the observable damage level.
Resolving mission critical assets was prioritized over detailed documentation of equipment damage and
malfunction, investigation of root causes, and comprehensive tracking of work orders and inspection
activities. As a result, the complete tally of equipment damage at the time of this paper is unknown. The
following sections present a subset of the most significant seismic effects documented during the two
EPRI field investigations.

Electrical Systems

Skytop Substation

The Skytop substation (Figure 6) is the closest site to the mainshock fault line that was visited by EPRI
and was the most heavily affected substation onsite. The substation included two large electrical
components (a high voltage switchgear and associated transformer). Both components were anchored
to the concrete foundation. The operator reported the transformer lifted 0.6 m and shifted 0.6 m based
on cracks and marks on the foundation, equipment enclosure dents, and a bent bus connection with the
adjacent switchgear. The operator observed the transformer was off-gassing after the mainshock due to
spilled oil. The transformer was tested and found to be degrading quickly and was deemed
unsalvageable, and was therefore totaled and replaced after the earthquake. The switchgear remained
in place and was operable following the shaking, but several components were swapped to ruggedize
the unit (for example, some breakers were upgraded and SEL 351 tripping relays were added).

Figure 6. Skytop Substation Switchgear (original) and Transformer (installed after the mainshock).

Hangar 5 Substation Transformer

The Hangar 5 substation transformer was a 34.5 kV unit installed in the early 1990’s. The unit was
anchored to its concrete foundation. The transformer was operable right after the mainshock but failed
six months later while being tested during an outage. It has been since decommissioned and was stored
in the yard at the time of first EPRI visit (Figure 7a). The operators noted the transformer was running
increasingly hotter in the weeks after the mainshock but they waited until the outage to inspect it. They
reported the failure was caused by a seal around the internal primary connection points that leaked and
allowed moisture to track inside, causing an imbalance of the internal oil and eventually resulting in
overheating. The operators believe the seal failure resulted from oil sloshing in the tank. This failed seal
was not externally visible, and the top leak was not immediately noticed after the earthquake. The
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operators performed a preliminary inspection and since no anomaly was identified they proceeded with
restarting the unit. The transformer shorted out as it was restarted and blew the external cover of the
primary connection compartment (Figure 7b).

Figure 7. (a) Hangar 5 TransfoLr‘mer and (b) External Cover Damage.

Grounding Rods

An interesting seismic effect not previously documented is the degraded performance of ground rods
used to secure proper grounding requirements for equipment associated with storing and testing of
ordnance equipment. Figure 8a shows the common grounding configuration at the base. In addition to
the typical structure static grounding and alternating current (AC) outlet grounding systems, most of
the NAWS mechanical and electrical equipment is also connected to a separate grounding system with
increased requirements (usually 25 Ohms, or 10 Ohms for servers). This stringent grounding target is
achieved through installation of a net of ~3.0 m long copper rods (Figure 8b). Keeping the resistance of
critical equipment below such targets is considered mission critical by the NAWS due to the potential
human safety risks of ungrounded equipment and inability to test weapons. Before the earthquake,
grounding rods were regularly tested every six months with a 3-point testing method. If the resistance
was higher than the required level, the equipment was usually shut down until additional rods were
added and the mission requirement satisfied. Following the mainshock, a large number of rods (about
1/3 of 3000+ rods) failed to meet the requirement. As a result, many new rods were installed following
the quake to reduce the resistance and guarantee the base mission capability. Several months following
the mainshock, the operators noted that the grounding capacity was gradually improving. Therefore, the
operator hypothesized that the decreased resistance could have resulted from earthquake effects on the
soil, specifically water fluctuation and soil re-densification.

AC outlet

(10 Q for servers)

25Q 10,000

I 1 b ™.
Figure 8. (a) Typical Grounding Configuration, and (b) Example of Grounding Rod.

Emergency Power Generators

The FM&S personnel reported that the earthquake knocked emergency power systems out. The whole
base was shut down as a precaution since the power grid was unstable. One of the causes of instability
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was the lack of automatic restart of a few critical emergency generators, such as the two units supporting
the Michelson Lab. The generators were operable without malfunctions after they were manually
restarted, but they did not comply with the automatic restart requirement. Since no damage was
observed on the generators, the operators hypothesized that failure to automatically restart likely
resulted from improper electric signals from sensitive control panels, switches, or relays supporting the
generator operations. More than a hundred emergency power generators are distributed across the base.
They span a wide range of vintages, manufacturers, and capacities, and only a few failed to start.

Air Systems

Air Compressors

Hundreds of air compressors are distributed around the base spanning a wide range of vintages and
configurations. The FM&S personnel reported they typically replace less than three compressors each
year due to aging and random failures. The FM&S personnel did not recall specific air compressor
failures after the earthquake, however, they observed a significant increase in failure rate in the months
after the mainshock. For example, about 18 compressors had been replaced between October 2021 and
October 2022, which represents a 6-fold increase. The FM&S personnel believe the earthquake
probably caused minor damage to the compressors, which had started to creep up, thereby exacerbating
the compressor aging and random failure rate. Compressors expected to last 10-12 years have been
replaced after 5-6 years since the mainshock. The typical malfunction reported is motor seizing as a
result of bearing failures and internal failures.

HVAC Units

There are hundreds of HVAC units around the base with several mounting configurations and designs.
Evaporating cooler are the most common type. The operators did not recall evaporating coolers
requiring significant fixes or replacements following the mainshock. Some units dislodged, tilted, or
slid 15 cm or more but were functional when put back in place. Observed damage consisted of enclosure
dents and failed flex ducts (for example, separation from cooler or wall, or ripped canvas), which were
quickly fixed. The operator did not recall significant damage to other HVAC designs either. Some small
leaks were noticed in a few chillers, which were due to minor seal leaks that were quickly fixed.

Water Systems

Pipes

Several pipe breaks were reported inside and outside buildings. Inside building breaks were mostly due
to polyvinyl chloride (PVC) pipes spanning long unsupported lengths or unanchored equipment. Some
equipment was sprayed but survived after the leaks were repaired and humidity was removed. The
operators reported that a 60 cm water main crossing the fault scar snapped in half during the mainshock.
At this particular location the ground dropped 1.8 m vertically and moved at least 3.0 m laterally.

Horizontal and Vertical Pumps

At the Intermediate Pump Water Station, all seven pumps suffered some seismic effect. Four of those
(pumps Nos. 1 to 4) are located in the supporting building basement, and three of those (pumps Nos. 5
to 7) are installed on a concrete pad in the yard (Figure 9). The basement was flooded after one pipe
supporting the pumps failed a seal. One out of the four basement pumps was found to be inoperable
after the room dried. The operator reported the pump malfunction was caused by a faulty electric signal.
The other three basement pumps survived the earthquake and the flood. Pumps Nos. 5 and 6 were not
operating during the mainshock and their 4.5 m long shaft was found to be bent afterwards. Their shaft
had to be re-built. Pump No. 7 was working during and after the mainshock, other than some minor
leakage due to a dislodged seal that was quickly fixed.
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| Fgure. Intermedi Pump Water SiatonPumps Nos. 5to 7 in the Yard.

Damage to pumps included three 9.1 m long vertical pumps installed in the soil in front of the Sewage
Lift Pump Station, which were sent off to be rebuilt after the operator discovered their shaft was bent.
The operator reported the soil around that pump stations had settled at least 15 cm due to liquefaction
and attributed the pump damage to soil displacements. Two WWTP pump basement horizontal
submersible pumps were unanchored and slid, breaking the 10 cm diameter PVC pipe attachments.

Water Table Fluctuations

The operator mentioned the desert filled with water at several locations, due to either liquefaction or
water main breaks. The EPRI team documented significant sand boils north of Mainsite, with craters of
up to 7 m in diameters. At other locations (for example, Skytop Substation) the water table was being
monitored and had not yet recovered to pre-earthquake levels as of the EPRI visit. Other researchers
have reported water table elevation increases at some locations outside the base (GEER, 2019).

SUMMARY AND CONCLUSIONS

The purpose of the EPRI investigation was to document the seismic effects of the M7.1 2019 Ridgecrest
earthquake on equipment similar to NPP equipment and to determine if any earthquake damage or
failures would impact the SQUG methods and criteria developed using earthquake experience data. The
largest impact of this earthquake was to facilities and equipment supporting the China Lake NAWS,
which includes more than 2,000 buildings across 4,500 km? in the epicentral region and suffered damage
exceeding $ 5 billion. The EPRI team visited the NAWS facilities in December 2021 and October 2022.
Damage to equipment was still being discovered three years after the earthquake, due to the large
number of components and vast installation area. Typical equipment failures included mechanical and
electrical equipment (for example, MCCs, HVAC units, transformers, pumps) overturning or shifting
due to inadequate anchorage and failing their connections, leaking pipes (for example, broken PVC,
heavily corroded steel lines, or dislodged seals), bent vertical pump shafts and casings due to soil
deformations and water sloshing, and control panel shorts due to cable rubbing.

The main conclusions from the EPRI M7.1 2019 Ridgecrest post-earthquake investigation are:

» 172 equipment data samples were collected as part of this post-earthquake investigation and will
be entered into the EPRI earthquake experience database (EPRI, 2020). The diverse data samples
spanned 26 different equipment classes from 20 sites located within the NAWS boundary.

» All earthquake effects observed are attributable to failure modes previously documented in the
SQUG database and excluded by existing SQUG caveats and equipment class definitions. None
of the seismic effects discussed above resulted in operating experience which would require a
change in the SQUG equipment class criteria and methods.

» The peak horizontal average broad-banded spectral acceleration computed for the free-field at
most of the 20 sites reviewed exceeds the SQUG Bounding Spectrum 0.8g broad-banded spectral
response and for some sites approaches the Reference Spectrum 1.2g level. The equipment
performance data collected in this investigation provides further evidence that that equipment
typical of NPP can withstand the 1.2g Reference Spectrum level with high confidence.
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Secondary conclusions and ancillary insights from this investigation are:

» The NAWS base has been developed since the early 1940’s and operates a wide range of systems
to support research, development, and testing of advanced ordnance. The newer installations were
generally unaffected, while older vintage equipment was more prone to malfunctions. Many of
the anomalies can be attributed to improper anchorage, deficient load path, or soil failures.

» The NAWS did not lose offsite power, but the base grid went black due to the numerous instances
of damage to onsite distribution lines and substation equipment. A few critical emergency power
generators also failed to automatically restart, which contributed to the local grid instability.

» The operator reported an increased rate of random air compressor failures in the months after the
earthquake. Compressors expected to last 10-12 years have been replaced after 5-6 years since the
mainshock. The operator believes the earthquake probably caused minor damage to the
compressors, which exacerbated the compressor aging and random failure rate.

» Another delayed failure was observed on the Hangar 5 high voltage transformer, which shorted 6
months after the mainshock while being tested during an outage. Failure was ultimately attributed
to a dislodged seal in the primary internal connection that let moisture track inside the unit.

» Multiple instances of transitory and persistent water table fluctuations were reported following
the mainshock around the base and in the nearby cities of Argus and Trona. Previous post-
earthquake investigations have documented water table fluctuations as potential causes of
buoyancy of underground structures and malfunction of wells and pumps. The only significant
seismic effect observed at the NAWS that could be potentially related to water fluctuation is the
degraded performance of equipment grounding rods. Meeting specific resistance thresholds is
considered a mission-critical safety requirement by the NAWS due to the potential human safety
risks and inability to test weapons. However, the degraded grounding performance did not result
in equipment failures immediately after the earthquake.
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