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Design-Load Basis for LANL Structures,
Systems, and Components

by
Isabel Cuesta

Abstract

This document supports the recommendations in the Los Alamos National Laboratory (LANL) Engineering
Standard Manual (ESM), Chapter 5—Structural providing the basis for the loads, analysis procedures, and
codes to be used in the ESM. It also provides the justification for eliminating the loads to be considered in
design, and evidence that the design basis loads are appropriate and consistent with the graded approach
required by the Department of Energy (DOE) Code of Federal Regulation Nuclear Safety Management, 10,
Part 830.

This document focuses on (1) the primary and secondary natural phenomena hazards listed in DOE-G-
420.1-2, Appendix C, (2) additional loads not related to natural phenomena hazards, and (3) the design
loads on structures during construction.

1 Introduction

1.1  Purpose

The purpose of this document is to support the recommendations in the Los Alamos National Laboratory
(LANL) Engineering Standard Manual (ESM), Chapter 5—Structural, and provide the basis for the loads,
analysis procedures, and codes to be used in the ESM. It also provides the justification for eliminating the
loads to be considered in design and support that the design-basis loads are appropriate and consistent with
the graded approach required by the Department of Energy (DOE) Code of Federal Regulation Nuclear
Safety Management, 10, Part 830.

1.2 Background

The main objective of DOE-O-420.1A is to establish facility safety requirements for the Department of
Energy, including the National Nuclear Security Administration. These requirements are as follows:
e Nuclear safety design,
Criticality safety,
Fire protection,
Natural phenomena hazards mitigations, and a
System engineer program.

DOE-0-420.1A establishes the Natural Phenomena Hazards (NPH) program as “all DOE nuclear and
nonnuclear facilities must be designed, constructed, and operated so that public, workers, and environment
are protected from the adverse impacts of NPH.” DOE-G-420.1-2 classifies the NPH into the two following
categories:

e  Primary Natural Phenomena Hazards (direct natural phenomena) and

e Secondary Natural Phenomena Hazards (indirect natural phenomena, caused by a primary NPH).

1-1



The Order also requires that the Structures, Systems, and Components (SSCs) must be designed,
constructed, and operated to withstand the effects of natural phenomena hazards as necessary to ensure the
following:

The confinement of hazardous material,

The operation of essential facilities,

The protection of government property, and

The protection of life safety for occupants of DOE buildings.

These requirements are also valid for additions or major modifications to existing SSCs. Also in DOE-G-
420.1-2, Section 6.4.1, it is stated that a very thorough assessment of historical seismicity, geology,
geotechnology, meteorology, and hydrology is required for the most hazardous facilities. All potential
sources of severe natural phenomena must be identified, and their potential effect at the site must be
evaluated. Investigations to establish the potential for soil failure, such as liquefaction and fault
displacement, are required.

1.2.1 Graded Approach

LANL facilities are diverse enough to warrant a graded approach (e.g., some are office buildings but others
have hazardous radioactive and chemical materials). DOE 10 CFR 830.3 determines this grading process as
a function of the following parameters:
e The relative importance to safety, safeguards, and security,
The magnitude of any hazards involved,
The live-cycle stage of the facility,
The programmatic mission of the facility,
The particular characteristics of the facility,
The relative importance of radiological and nonradiological hazards, and
Any other relevant factor.

1.2.2  Performance Category

The NPH Guide DOE G 420.1-2 references Performance Categories (PCs). Performance goals are
expressed as the mean annual probability of exceedance of acceptable behavior limits of structures and
equipment as a result of the effects of natural phenomena. Five PCs have been established in this DOE
guideline ranging from conventional buildings (PC-1) to nuclear-type facilities (PC-4). Another
performance category, PC-0, is also considered for structures that do not require design for NPH

(e.g., sidewalks). DOE-STD-1021 provides criteria for selecting the PCs of SSCs in accordance with
DOE-0-420.1A for the purpose of mitigating NPH in all DOE facilities.

The concept of PC with corresponding target probabilistic performance goals has been developed to assist
in applying the graded approach to NPH design and evaluation. The SSC in LANL are assigned PC-1,
PC-2, PC-3, and PC-4 (out of the five existing performance categories), depending upon its safety
importance. Each PC is assigned a target performance goal in terms of the probability of unacceptable
damage resulting from specific natural phenomena. The unacceptable level of damage is related to the
safety function of the SSC during and after the occurrence of NPH.

According to DOE-G-420.1-2, for PC-1 SSCs, the primary concern is preventing major structural damage,
collapse, or other failure that would endanger personnel (life safety).

The design and evaluations of PC-1 SSCs are based on current building codes (IBC 2003, Seismic Use
Group I).

PC-2 SSCs are meant to ensure the operability of essential facilities or to prevent physical injury to in-
facility workers.
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Design of PC-2 SSCs should result in limited structural damage from design-basis natural phenomena
events to ensure minimal interruption to facility operation and repair following the event. The design and
evauations of PC-2 SSCs are similar to the design criteriafor essentia facilitiesin current building codes
(IBC 2003, Seismic Use Group I11).

DOE-STD-1020-2002 establishes that PC-1 and PC-2 SSCs are to be designed following the most recent
model building code, which is the International Building Code (IBC) 2003. The IBC 2003 refers to ASCE
7-02 for supplemental evaluation of the design loads.

PC-3 SCs are those for which failure to perform their safety function could pose a potential hazard to
public health and the environment because radioactive or toxic materials are present and could be released
from the facility as aresult of that failure.

Design considerations consist on limiting the facility damage as aresult of design-basis natural phenomena
events so that hazardous materials can be controlled and confined, occupants are protected, and the
functioning of the facility is not interrupted. PC-3 NPH provisions are similar to those used for the
reevaluation of commercial plutonium facilities.

PC-4 SSCs are also those for which failure to perform their safety function could pose a potential hazard to
public health and the environment because radioactive or toxic materials are present in large quantities and
could be released as aresult of that failure. The quantity of hazardous materials and energeticsis similar to
alarge Category-A reactor (> 200 MW,).

Design considerations for this category are to limit facility damage from design-basis natural phenomena
events so that hazardous materials can be controlled and confined, occupants are protected, and essential
functions of the facility are not interrupted. PC-4 seismic provisions are similar to those used for the
reevaluation or design of civilian nuclear power plants, where off-site release of hazardous material must
be prevented.

1.3 Scope

SSCs should be designed, constructed, and operated to withstand the effects of natural phenomena as
necessary to ensure the confinement of hazardous material, the operation of essential facilities, the
protection of government property, and the protection of occupants of LANL buildings.

This document will select defensible and appropriate design loads for LANL SSCs. Using information from
historical records, regional geological maps, and other investigations, models are developed to estimate the
likelihood of natural phenomena of various magnitudes impacting a site.

1.4 Plan of Development

This document is made up of four main chapters. The first chapter documents the primary natural
phenomena hazards listed in DOE-G-420.1-2, Appendix C. The second chapter documents the secondary
natural phenomena hazards listed in DOE-G-420.1-2, Appendix C. The third chapter refersto al the
additional loads not related to natural -phenomena hazards. Finally, the fourth chapter refers to the design
loads on structures during construction.

1.5 Acknowledgements
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2 Primary Natural Phenomena Hazards
2.1 Earthquakes

2.1.1 Regional Geology

The Los Alamos National Laboratory is located in northern New Mexico and lies within the Rio Grande
rift, which is an area of active crustal extension that spreads from southern Colorado to northern Mexico.

2.1.2  Seismic Source Zones: The Rio Grande Rift

Seismic source zones are area sources defined by their unique tectonic, geologic, and seismologic
characteristics. Within the LANL region, there are four zones as shown in Table 2-1: the Rio Grande rift,
the Colorado Plateau transition zone, the Great Plains, and the Southern Rocky Mountains. Background
(random) earthquakes that are not associated with distinct tectonic features (e.g., faults or folds) are
assumed to occur within theses seismic source zones. Of the four local seismic zones, the Rio Grande rift
source zone has the highest potential hazard for background earthquakes at LANL (Wong et al., 1996).

Table 2-1. Seismic Source Zones (from Wong et al., 1995)

Background (random)
Earthquake Maximum

Seismic Source Zones Magnitude (Mw*)
Rio Grande Rift 6.3+0.3
Colorado Plateau Transition 6.0+0.3
Southern Rocky Mountains 6.3+0.3
Great Plains 6.0+0.3

"My = Moment Magnitude

The Rio Grande rift is an active seismotectonic source zone in the western United States and has a seismic
and volcanic history spanning the last 30 million years. The rift is an area of east-west crustal extension and
is expressed on the earth’s surface as a series of generally north-south-striking, elongated basins extending
from Leadville, Colorado, to northern Mexico (e.g., Baldridge et al., 1984). In Northern New Mexico, the
rift includes the San Luis basin, the Espafiola basin, the Santo Domingo basin, and the Albuquerque basin.

Crustal extension in the Rio Grande rift continues today and is evident through high heat flow, hot springs,
continued seismicity, geodetic observations, and recent lava flows.

Historic seismicity in the basins of the Rio Grande rift is characterized by widespread, abundant
microseismic events, temporally punctuated by larger earthquakes that range from the limits of human
perceptibility to potentially seriously damaging earthquakes of an approximate magnitude of 7.0.
Significant history earthquakes in the rift include the magnitude 7.2 Sonora earthquake in 1887 and two
approximate magnitude-6.0 earthquakes in Socorro in 1906. The 1918 Cerrillos earthquake occurred 50 km
southeast of LANL and had an estimated M; = 5.5.

2.1.3  Faults: The Pajarito Fault System

Los Alamos lies near several major boundary faults of the Rio Grande rift in north-central New Mexico.
The western margin of the Rio Grande rift in the Los Alamos area is locally defined by the Pajarito fault
system. The Pajarito fault system is an approximately 41-km-long, generally north-striking system of
normal faults. The three major faults of this system are the Pajarito fault, the Rendija Canyon fault, and the
Guaje Mountain fault (see Figure 2-1). All of these faults have significant displacement, in some places
larger than 150 meters, on the 1.2 million-year old Bandelier Tuff, and paleoseismic studies suggest three
Holocene (last 11,000 years) paleoseismic events on the Pajarito fault system.
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The Pajarito fault is the main down-east rift-bounding fault, and is made up of a complex zone of primarily
north- to northeast-striking normal faults and folds located along the west margin of LANL. The antithetic
(down-west) Rendija Canyon fault is located ~3 km east of the Pajarito fault, strikes north to northeast, and
dips steeply to the west. South of Los Alamos Canyon, near the northern boundary of LANL, the Rendija
Canyon fault splays to the southwest into a broad zone of faulting and folding, with displacement
diminishing to the southwest. The Guaje Mountain fault is located 1 to 2 km east of the Rendija Canyon
fault, and is similar to it in orientation, structural style, and sense of slip. The Guaje Mountain fault has not
been mapped south of Bayo Canyon. Table 2-2 shows the rupture length, best-estimate maximum
magnitude, style of faulting, and slip rate for each of the three faults (Wong et al., 1995). Wong et al.,
however, did not recognize any Holocene events on the Pajarito fault. Recent work indicates three
Holocene paleoseismic events on the Pajarito fault that may imply slip rates roughly six times higher than
those of Wong et al.

Because the Pajarito fault is rift derived, and the Rendija Canyon fault and Guaje Mountain fault are
antithetic to it, the hypothetical possibility exists that the extensional sweep of the Pajarito fault at depth
defines the terminal boundary of the Rendija Canyon and Mountain faults.

2.1.4  Seismic Hazard Investigations

For sites containing PC-1 and PC-2 SSCs, DOE-STD-1022 states that previous site-specific probabilistic
seismic-hazard studies, if available, or information provided in the model building codes, such as the IBC
code, or national consensus standards can be used. The selection is made by the code, employing seismic
zone maps and a specified frequency spectrum. However, IBC and DOE-STD-1023 allow specific site
investigation and development of a site-specific seismic hazard assessment for use in the design. The SSCs
must be evaluated or designed for the greater of the site-specific values or the model code values unless
site-specific values are lower and can be justified.

For sites containing PC-3 or PC-4 SSCs, a site-specific characterization of the seismic-related hazards is
required. The investigation depends on the performance category, geologic, and seismologic environment,
and the local soil conditions at the site.

DOE-STD-1023 describes methods for conducting a Probabilistic Seismic Hazard Analysis (PSHA) to
produce a seismic hazard curve to be used in selecting the design-basis earthquake (DBE) for PC-3 SSCs.
Any site whose site-specific hazard curves exceed the USGS curves (for similar site conditions) should
continue to use these site-specific curves. For sites containing facilities with SSCs in PC-3 and 4, a site-
specific NPH assessment must be conducted in accordance with the applicable DOE standard.

Table 2-2. Pajarito Fault System (data from Wong et al., 1995 and
LANL Seismic Hazards Team, unpublished)

Rupture Best Estimate Slip Rate
Length Maximum Moment Style of Best Estimate (Range)
Fault (km) Magnitude (M,,) Faulting (mm/yr)
0.09 (0.01-0.95)
Pajarito 41 6.9+0.3 Normal Quaternary
0.6 (?) Holocene
Rendija Canyon ~10 6.5+0.3 Normal 0.02 (0.01-0.25)
Guaje Mountain ~9 6.5+0.3 Normal 0.01 (0.01-0.14)

2-7



183?300 161(])000 182?'300 163?000 164?'300 169?0(50 168(])303

17000004+ + + + 170000
RCF|C ‘(
17800004 + 1 + F 1780000
e
oy L
17000+ t 4 7’-’" + 1 + + 1770000
2 4
b
£
E
1;00004 + + + + + 1760000
17|00 + + + + + 1750000
13400004 + + + + + 170000
1] 125 25 3
17300004 + \« - o — + + 1730000
1600000 1610000 1620000 1630000 4000 HE0 TR0
Exstirg )

Figure 2-1. Map of the Pajarito Fault System in the Area of LANL. Shaded gray area is LANL,
shaded blue area is the area of detailed geologic mapping, and the black lines are faults
and related structures from Gardner and House (1987), Gardner et al. (1998, 1999, 2001),
Lewis et al. (2002), Lavine et al. (2003b), and in-progress mapping.

DOE-STD-1022-94 refers to 10 CFR Part 100 for criteria guidelines for the site characterization of PC-3
and PC-4 SSCs. One of the factors of consideration is the geologic and seismic siting criteria. Appendix A
of this CFR Part points out the required investigation for seismic ground motion and surface faulting. The
investigations required to determine whether and to what extent nuclear power plants need to be designed
for surface faulting are presented in 10 CFR 100. NRC RG 1.165 provides general guidance on procedures
to conduct geological, geophysical, seismological, and geotechnical investigations. In this document, four
areas of investigation are addressed:

e 200-mile radius within the site to identify seismic sources. Regional geological and seismological
investigations are not expected to be extensive nor in great detail, but should include literature
reviews, the study of maps, and remote sensing data.

e  25-mile radius within the site. Geological, seismological, and geophysical investigations in greater
detail than the regional investigations to identify and characterize the seismic and surface
deformation potential of any capable tectonic sources and the seismic potential of seismogenic
sources.
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e 5S-mile radius within the site. Detailed geological, seismological, geophysical, and geotechnical
investigations of the site to evaluate the potential for tectonic deformation at or near the ground
surface and to assess the ground motion transmission characteristics of soils and rocks in the site
vicinity (if appropriate). Investigations should include monitoring by a network of seismic
stations.

e (.5-mile radius within the site. Very detailed geological, seismological, geophysical, and
geotechnical investigations to assess specific soil and rock characteristics as described in
NRC RG 1.132.

2.1.4.1 Seismic-Hazard Investigations in Los Alamos

The first seismic-hazards study at LANL was conducted in 1972 by Dames and Moore. This report was a
geologic, foundation, hydrologic, and seismic investigation of the Plutonium Facility at TA-55.

Following this early study, Gardner and House (1987) reviewed and compiled all existing studies and data
relevant to seismic hazards at LANL to evaluate the need for a new seismic hazards study in light of more
modern methodologies. This report stated that an earthquake of Richter Magnitude 6.5—7.8 in the Pajarito
fault system could be expected and that existing data indicated that the fault system must be considered
“capable” in the definitions of 10 CFR 100. They also concluded that because of the seismic properties of
the Bandelier Tuff and the surface geology of Los Alamos being so variable, the responses of different sites
within the Laboratory should be analyzed individually for design purposes. This report contains a partially
annotated bibliography with all the relevant studies to seismic hazards at LANL up to 1987.

The need to comply with DOE O 5480.28 on NPH Mitigation resulted in a comprehensive seismic hazards
evaluation, which was completed in 1995 and conducted for LANL by Woodward-Clyde Inc. of Oakland,
California. This four-year program evaluated the earthquake potential and ground-shaking hazard at LANL.
In this study, 25 faults and four seismic source zones were identified as seismic sources potentially
significant to LANL. The source zones account for the hazard from “background” earthquakes that do not
rupture into the surface.

Between 1996 and 2004, a number of paleoseismic studies have been conducted at LANL to improve the
data used in the Woodward-Clyde study for both surface rupture and ground-motion hazards. These have
included a number of trenches along the Pajarito and Guaje Mountain faults (McCalpin, 1998, 1999;
Reneau et al., 2002; Gardner et al., 2003) and detailed geologic mapping of the northern and western parts
of LANL and the Pajarito fault escarpment west of LANL (McCalpin, 1997; Gardner et al., 1998, 1999,
2001; Lewis et al., 2002; Lavine et al., 2003b; Lewis et al., in preparation; Lavine et al., in preparation).
These more recent efforts have led to a better understanding of fault geometry and kinematics and
paleoseismic activity.

DOE-STD-1020-94 established the use of return periods of 500, 1,000, 2,000, and 10,000 years for PC-1,
PC-2, PC-3, and PC-4, respectively. A Probabilistic Seismic Hazard Analysis using a logic-tree approach
was performed using geologic data and a seismic source characterization as the input data. Site-specific
probabilistic peak horizontal and vertical accelerations were determined for the return periods of 500,
1,000, 2,000, and 10,000 years, as shown in Table 2-3 for each PC.

Based on the PSHA, the uniform hazard spectra, and design spectra for each return period were calculated,

and synthetic time histories were generated for use in seismic design and seismic safety analyses of LANL
facilities. The PSHA is currently being reassessed based on more recent paleoseismic studies.
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Table 2-3. Site-Specific Probabilistic Peak Ground Accelerations (Wong et al., 1995)*

Mean Annual
Performance Return Period Probability of = Design Horizontal Design Vertical

Category (yr) Exceedance, Py PGA (g) PGA (g)
PC-1 500 20%10°* 0.15 0.11
PC-2 1000 10 10°* 0.22 0.19
PC-3 2000 5x10°* 0.31 0.27
PC-4 10000 1x10* 0.57 0.58

*Before DOE-STD-1020-2002

Vertical and horizontal hazard-response spectra were determined for the following Technical Areas: 55, 46,
41, 21, 18, 16, 3, and 2 and for the four return periods 500, 1,000, 2,000, and 10,000 years.

DOE O 420.1A requires implementing in all standards the most current model building codes, such as
IBC 2003 and the current industry standards for PC-1 and PC-2 facilities.

Since the publication of DOE-STD-1020-94, several new documents have been published that made
DOE-STD-1020-94 outdated, as shown in DOE-STD-1020-2002: (1) the 1997 National Earthquake
Hazards Reduction Program (NEHRP) introduced new seismic maps for evaluating the seismic hazard,
(2) the UBC 97, BOCA, and SBCCI were replaced by IBC 2000 (previous version of IBC 2003 that
adopted the 1997 NEHRP), and (3) DOE O 420.1A and DOE G 420.1-2 were approved and adopted the
use of IBC 2000 for PC-1 and PC-2 facilities.

The site-specific seismic hazard study for LANL was developed in 1995 and needs to be reviewed and
updated per DOE-STD-1023-95 about every 10 years.

2.1.5 LANL Earthquake Loads

2.1.5.1 PC-1 and PC-2 SSCs Seismic Provisions

DOE-STD-1020-2002 establishes that PC-1 and PC-2 SSC are to be designed following the most recent
model building code, which is the IBC 2003. The IBC 2003 refers to ASCE 7-02 for supplemental
evaluation of the design loads. IBC Sections 1613-1623 and ASCE 7-02 Section 9 correspond to the
seismic provisions.

IBC 2003 provides seismic hazard maps defined in terms of the Maximum Considered Earthquake (MCE)
ground motions. These maps are associated with a 2,500-year return period earthquake. The graded
approach is maintained by using two thirds (2/3) of the MCE and a unity importance factor for PC-1 and
2/3 x MCE and 1.5 importance factor for PC-2 facilities (see Table 2-4).

Table 2-4. LANL Site-Specific Probabilistic Accelerations

Return Mean Annual Design
Performance Period Probability of  Horizontal MCE
Category (year) Exceedance, Py PGA (g) PGA (g)
PC-1 2,500 4x10"* 0.22 0.34
PC-2 2,500 4x10* 0.22 0.34

Note: PGA = Peak Ground Acceleration.
“After DOE-STD-10210-2002.
'Based on 2% Exceedance Probability in 50 years.
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IBC Section 1614.1 refers to an alternative seismic design using only ASCE 7-02. IBC seismic provisions
can be disregarded when structures are designed in accordance with the provisions of ASCE 7 Sections 9.1
through 9.6, 9.13, and 9.14. However, it is recommended to use the IBC 2003 seismic provisions in
combination with ASCE 7 as needed. The main differences between the code and the standard are the
following:

e redundancy (IBC Section 1617.2 vs ASCE 7 Section 9.5.2.4),

e the seismic-force-resisting systems (IBC Section 1617.6 vs ASCE 7 Section 9.5.6-8)
e carthquake loads—design detailing requirements and structural components load effects
(IBC Section 1620 vs ASCE 7 Section 9.5.2.6)
e architectural, mechanical, and electrical components (IBC Section 1621 vs ASCE 7 Section 9.6)
e nonbuilding structures (IBC Section 1622 vs ASCE 7 Section 9.14)
e seismically isolated structures (IBC Section 1623 vs ASCE 7 Section 9.13)

For all the sections mentioned above, the IBC 2003 modifies ASCE 7-02 and should be followed.

2.1.5.2 PC-I and PC-2 Design Response Spectra

Earthquake loads determined by IBC 2003 seismic design methodology are based on the following spectral
response parameters:
e Sg=mapped MCE spectral-response acceleration at short periods for Site Class B.

e S, =mapped MCE spectral-response acceleration at 1-s period for Site Class B.

LANL design spectral response accelerations are defined for Site Class B at 2% probability of exceedance
in a 50-year building life (2,500 year average return period) from the maps in IBC and the 1996 mapped
values in the USGS web site. The 2,500-year mapped rock spectral accelerations at LANL (35°52'N and
106°19'W) are:

e S5=0.60g

e S,=019g

LANL site conditions are typically considered to be Site Class D. Site Class D is a stiff soil profile where
average shear wave velocities over the top 100 feet are between 600 and 1,200 ft/s. Based on IBC 2003, the
site specific factors F, and F, are 1.32 and 2.04, respectively. Therefore, the soil-modified MCE spectral
response accelerations at short and at 1-s period are:

e Sys=F,xSs=132%x060g=0.79¢

e Sy=F,x§=2.04x0.19g=039¢g

The MCE defined by IBC has a 2% probability of exceedance in 50 years (approximately 2,500 yr return
period). These values may be compared to LANL site-specific ground response spectra for 2,500 years.
The LANL seismic hazard study (Wong et al. 1995) reports a peak response spectrum of about 0.81g and
0.39 g at 1-s period.

The design spectral response accelerations at short periods and at a 1-s period are defined as 2/3 the MCE
by IBC Section 1615.1.3:
e Sps= 5% damped design spectral response acceleration at short periods (0.2 s) = 2/3 Sy

e Sp; = 5% damped design spectral response acceleration at 1-s period = 2/3 Sy

Therefore, using the LANL site-specific values of MCE, the design spectral response accelerations are
e Sps=2/3x0.81g=054g¢

e Sp=23%x039g=026g



The design response spectrum S,(g) also has the following parameters:
o To =0.2 x SDS/SDI =0.1s

o TS = SDI/SDS =0.48s
e PGA=04xSps=022¢g

The horizontal design response spectrum can be determined as follows:

0.22+3.36T T<0.1s

S, (g)=10.54 0.1s<T<048s.
% T2>048s
T

The vertical design response spectrum in accordance with IBC is given implicitly by adding a scaled dead
load as shown:

E,=+02x SpgxD=+0.11D,
where D is the Dead load.

Figure 2-2 shows the graphical representation of the design response spectrum for PC-1 and PC-2 SSCs.
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Figure 2-2. Horizontal Design Response Spectrum for PC-1 and PC-2 SSCs.
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Other parameters required for the use of the IBC seismic provisions are shown in Table 2-5. The seismic
importance factor, Ig, for PC-2, is used to reduce the response modification factor, R, as a means of
controlling damage and producing “enhanced” performance.

Table 2-5. Classification of Buildings and Importance Factor

PC-1 PC-2
Occupancy Category' II v
Seismic Use Group® I 1
Seismic Factorl, Ig 1.0 1.5
Seismic Design Category’ D D

'IBC Table 1604.5
’[BC Section 1616.2
*IBC Section 1616.3

IBC Section 1616.3 for the determination of the Seismic Design Category (SDC) has one exception that is
not applicable to LANL. It states that the SDC is permitted to be determined from Table 1616.3(1) alone

when three conditions apply. However, Spg is larger than 0.50 g (Sps = 0.54 g), and the SDC is also D
regardless of the Sp; value.

2.1.5.3 PC-1 and PC-2 Analysis Procedures

Because the Seismic Design Category of all structures to be designed at LANL is D, the Index Force
analysis procedure of ASCE 7 (Section 9.5.3) is not allowed. Figure 2-3 shows a flow chart indicating if the
design of the structure requires the use of static or dynamic analysis. This determination is based on the
structure irregularity type in accordance with ASCE 7, and the period of the building.

Structure has:
Plan irregularities of Type 1a or 1b of IBC
2003 Table 1616.5.1.1
Vertical irregularities of Type 1a, 1b, 2, or 3

No of IBC 2003 Table 1616.5.1.2, or

Building
T<17s

Yes

)

NO——p Use Dynamic Analysis

Yes > Use Static Analysis

Figure 2-3. Flow chart for analysis procedure decision making for PC-1 and PC-2 SSCs.
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Table 2-6. Permitted Analytical Procedures for PC-1 and PC-2 SSCs

Structural
Characteristics

Index Force
(ASCE 7
Sect. 9.5.3)

Static Analysis

Simplified Lateral Force

(IBC 2003
Sect. 1617.5)

Equivalent

(ASCE 7
Sect. 9.5.5)

Dynamic Analysis (ASCE 7)

Modal
Response
Spectrum

(Sect. 9.5.6)

Linear
Response
History
(Sect. 9.5.7)

Nonlinear
Response
History
(Sec. 9.5.8)

PC-1 buildings of light-
framed construction not
exceeding three stories in
height

NP

Other PC-1 buildings not
exceeding two stories in
height when constructed of
any material with flexible
diaphragms at every level.

NP

PC-1 and PC-2 regular
structures with T < 1.7 s and
all structures of light-frame
construction not covered
previously.

NP

NP

PC-1 and PC-2 irregular
structures with T < 1.7 s and
having only plan
irregularities type 2, 3, 4, or
5 of Table 9.5.2.3.2 or
Vertical irregularities, type 4
or 5 of Table 9.5.2.3.3

NP

NP

All other PC-1 and PC-2
structures

NP

NP

Note: P — indicates permitted, NP — indicates not permitted

NP

Once the decision has been made (whether to use static or dynamic analysis), there are several different

procedures for each type of analysis. However, the use of one or another depends on the structural

characteristics of the structure. Table 2-6 shows the permitted analytical procedures for the LANL PC-1

and PC-2 structures. This table has been modified from the ASCE 7 Table 9.5.2.5.1.

2.1.5.4 PC-1I and PC-2 Seismic-Force-Resisting Systems

Because the Seismic Design Category of all the structures at LANL is D, the following list shows the
seismic-force-resisting systems that are not permitted to be used by the IBC code (Table 1617.6.2):

1. Bearing-Wall Systems

e Reinforced concrete shear walls: Ordinary

e Plain concrete shear walls: Ordinary and Detailed.

¢ Reinforced masonry shear walls: Ordinary and Intermediate

¢  Plain masonry shear walls: Ordinary and Detailed

e  Prestressed masonry shear walls: Ordinary and Intermediate.

2. Building-Frame Systems

e Reinforced-concrete shear walls: Ordinary

e Plain concrete shear walls: Ordinary and Detailed.

e  Composite braced frames: Ordinary

e  Composite reinforced-concrete shear walls with steel elements: Ordinary

e Reinforced masonry shear walls: Ordinary and Intermediate

e  Plain masonry shear walls: Ordinary and Detailed

e  Prestressed masonry shear walls: Ordinary and Intermediate.
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3. Moment-Resisting Frame Systems

e  Steel moment frames: Ordinary. Except (1) for buildings up to 35 ft, where the dead load of
the walls, floors, and roof does not exceed 15 Ib/ft”, and (2) a one-story building up to 60 ft
high, when the moment joints of field connections are constructed of bolted end plates and the
dead load of the roof does not exceed 15 Ib/ft*. The dead weight of the portion of the walls
more than 35 ft above the base must not exceed 15 1b/ft’.

e Reinforced concrete moment frames: Ordinary and Intermediate
e Composite moment frames: Ordinary and Intermediate.
4. Dual Systems with Special Moment Frames
e Reinforced concrete shear walls: Ordinary
e Composite reinforced concrete shear walls with steel elements: Ordinary
e Reinforced masonry shear walls: Intermediate
5. Dual Systems with Intermediate Moment Frames (steel intermediate moment-resisting frames are
not permitted)
e Reinforced concrete shear walls: Ordinary
¢ Reinforced masonry shear walls: Ordinary and Intermediate
e Braced frames: Ordinary composite
e  Composite reinforced concrete shear walls with steel elements: Ordinary

6. Shear Wall-frame Interactive System with Ordinary Reinforced Concrete Moment Frames and
Ordinary Reinforced Concrete Shear Walls

7. Inverted Pendulum systems
e  Steel moment frames: Ordinary

8. Structural Steel Systems Not Specifically Detailed for Seismic Resistance.

The basic lateral and vertical seismic-force-resisting systems that are permitted to be used at LANL are
indicated in Table 2-7. Each type is subdivided by the types of vertical element used to resist lateral seismic
forces. Table 2-7 tabulates the response modification coefficient, R, the system overstrength factor, Q,, the
deflection amplification factor, C4, and the building height limitation for each of the specific seismic-force-
resisting systems. These coefficients will be used in determining the base shear, element design forces, and
design-story drift. Table 2-8 indicates the detailing reference section of IBC, ACI-318, ACI-530, etc., that
is required for each of the systems listed in Table 2-7.

2.1.5.5 PC-3 and PC-4 SSCs Seismic Provisions

Facilities classified as PC-3 and PC-4 have missions that are critical to the National Nuclear Security
Administration (NNSA), or contain operations with significant risk potential to public, worker, and
environment safety. Following the graded approach philosophy outlined in DOE Order 420.1A, DOE G
420.1-2, and DOE-STD-1020, the design of PC-3 and PC-4 SSCs follows more stringent and conservative
methods than used in model building codes, but more like methods used in practice for nuclear power plant
design, where off-site release of hazardous materials must be prevented.

Earthquake induced loads are based on site-specific studies at specified annual probabilities of exceedance
in accordance with DOE-STD-1020.
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Table 2-7. Design Coefficients and Factors for PC-1 and
PC-2 LANL Basic Seismic-Force-Resisting Systems

Response- Building
Modification System Deflection Height
Coefficient, | Overstrength | Amplification | Limitation

Basic Seismic-Force-Resisting System R Factor, Q, Factor, Cy (fo*P
1. Bearing Wall Systems
A. Ordinary steel-braced frames in light-frame construction 4 2 3% 65
B. Special reinforced concrete shear walls 5% 2% 5 160
C. Special reinforced masonry shear walls 5 2% 3% 160
D. Light-frame walls with shear panels-wood structural 6 3 4 65
panels/sheet steel panels
E. Light framed walls with shear panels-all other materials 2 2% 2 35
F. Special prestressed masonry shear walls 47 2% 3% 35
2. Building Frame Systems
A. Steel eccentrically braced frames, moment-resisting, 8 2 4 160
connections at columns away from links
B. Steel eccentrically braced frames, non-moment-resisting, 7 2 4 160
connections at columns away from links
C. Special steel concentrically braced frames 6 2 5 160
D. Ordinary steel concentrically braced frames 5 2 47 35¢
E. Special reinforced-concrete shear walls 6 2% 5 160
F. Composite eccentrically braced frames 8 2 4 160
G. Composite concentrically braced frames 5 2 4% 160
H. Composite steel plate shear walls 6 2% 5% 160
I. Special composite reinforced-concrete shear walls with 6 2% 5 160
steel elements
J. Special reinforced-masonry shear walls 5% 2% 4 160
K. Light frame walls with shear panels-wood structural 7 2% 4% 65
panels/ sheet steel panels
L. Light framed walls with shear panels-all other materials 2% 2% 2% 35
M. Special prestressed masonry shear walls 4% 2% 4 35
3. Moment-Resisting Frame Systems
A. Special steel moment frames 8 3 5% NL
B. Special steel truss moment frames 7 3 5% 160
C. Intermediate steel moment frames 47 3 4 35°¢
D. Special reinforced-concrete moment frames 8 3 5% NL
E. Special composite moment frames 8 3 5% NL
F. Composite partially restrained moment frames 6 3 5% 100
G. Masonry wall frames 5% 3 5 160
4. Dual Systems with Special Moment Frames
A. Steel eccentrically braced frames, moment resisting, 8 2% 4 NL
connections at columns away from links
B. Steel eccentrically braced frames, non-moment-resisting, 7 2% 4 NL
connections at columns away from links
C. Special steel concentrically braced frames 8 2% 6 NL
D. Special reinforced-concrete shear walls 8 2% 6 NL
E. Composite eccentrically braced frames 8 2% 4 NL
F. Composite concentrically braced frames 6 2% 5 NL
G. Composite steel plate shear walls 8 2% 6 NL
H. Special composite reinforced-concrete shear walls with 8 2% 6 NL
steel elements
1. Special reinforced-masonry shear walls 7 3 6 NL
5. Dual Systems with Intermediate Moment Frames*
A. Special steel concentrically braced frames 4% 2% 4 35°
B. Special reinforced-concrete shear walls 6 2% 5 160
C. Composite concentrically braced frames 5 2% 4% 160
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Table 2-7. Design Coefficients and Factors for PC-1 and

PC-2 LANL Basic Seismic-Force-Resisting Systems (Cont.)

Response- Building
Modification System Deflection Height
Coefficient, | Overstrength | Amplification | Limitation
Basic Seismic-Force-Resisting System R Factor, Q, Factor, Cy (fo*P

6. Inverted Pendulum Systems

A. Cantilevered column systems 2% 2 2% 35

B. Special steel moment frames 2% 2 2% NL

C. Special reinforced-concrete moment frames 2% 2 1% NL

*NL — Not limited.
b See Section 1617.6.2.4.1 for buildings with 240 ft high or less for steel-braced frames and concrete cast-in-place shear walls.
¢ Steel intermediate moment resisting frames as part of a dual system are not permitted.
d Steel ordinary concentrically braced frames are permitted in penthouse structures and in single-story buildings up to a height of 60 ft when the dead load of
the roof does not exceed 15 Ib/f.
e Steel ordinary moment frames and intermediate moment frames are permitted in a one-story building up to 60 ft high, when the moment joints of field

connections are constructed of bolted end plates and the dead load of the roof does not exceed 15 Ib/ft’. The dead weight of the portion of the walls more than
35 ft above the base must not exceed 15 Ib/ft*.

Table 2-8. Seismic Detailing Reference Sections for

Each of the Seismic-Force-Resisting Systems

Seismic-Force-Resisting System

Detailing Reference Section

AISC ACI
IBC ACI 530 341 318
1I-A Ordinary steel-braced frames in light-frame construction 2211
1-D, 2.K Il;;il;;;iir:;dszzlllg az;tll; shear panels-wood structural 2306.4.1/2211
1-E, 2-L Light-framed walls with shear panels-all other materials 2306.4.5/2211
3-G Masonry wall frames 2106
1-C, 2-1, 4-1 Special reinforced-masonry shear walls 2106.5 1.13.2.2.5/1.13.6
1-F, 2-M Special prestressed-masonry shear walls 2106.1.1.3/2106.5 1.13.2.2.5
2-AL4-A Steel ecgentrically braced frames, m'oment-resisting, L15
connections at columns away form links
2.B,4-B Steel ecgentrically braced frames, ngn-moment-resisting, L15
connections at columns away form links
2-C,4-C,5-A  Special steel concentrically braced frames 1.13
2-D Ordinary steel concentrically braced frames 1.14
2-F, 4-E Composite eccentrically braced frames I1.14
2-G, 4-F, 5-C Composite concentrically braced frames .13
2-H Composite steel plate shear walls I1.17
20 4-H Special composite reinforced-concrete shear walls with 16
steel elements
3-A, 6-B Special steel moment frames 1.9
3-B Special steel truss moment frames I.12
3-C Intermediate steel moment frames 1.10
3-E Special composite moment frames 1.9
3-F Composite partially restrained moment frames 1.8
4-G Composite steel plate shear walls .17
I-B, 25__% 4-D, Special reinforced-concrete shear walls 1910.2.4/1910.5 211
3-D, 6-C Special reinforced-concrete moment frames 1910.5 21.1
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2.1.5.6 PC-3 and PC-4 Design Response Spectra

By DOE-STD-1020, the DBE response spectrum is developed from a probabilistic seismic hazard
assessment of the site where mean annual exceedance probabilities for the DBE are specified for each
performance category. The DBE is established through DOE-STD-1023.

The latest probabilistic seismic hazard assessment performed for LANL was in 1995 (Wong et al., 1995).
From this assessment, potential earthquake ground shaking was evaluated at all LANL Technical Areas.
Because of the similarity of ground motion across LANL, a single DBE was developed for seismic design
at all LANL sites. LANL site-specific DBE horizontal and vertical response spectra are shown in

Figure 2-4 and Figure 2-5, respectively. These spectra must be scaled at all frequencies by the PGA at the
mean annual exceedance probability for the performance category as shown in Table 2-9.

Table 2-9. LANL Site-Specific Probabilistic Accelerations’

Performance  Return Period Mean Annual Probability =~ Design Horizontal

Category (year) of Exceedance, Py PGA (g)
PC-3 2,500 4x10°* 0.34
PC-4 10,000 1x10°* 0.58

" After DOE-STD-10210-2002

Figure 2-4 and Figure 2-5 show the graphical representation of the horizontal- and vertical-design response
spectra, respectively, for PC-3 and PC-4 SSCs.

PC-3 and PC-4 LANL Horizontal Response Spectra
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Period (s) 2% Damping 4% Damping 5% Damping 7% Damping 10% Damping
0.010 1.00 1.00 1.00 1.00 1.00
0.028 1.00 1.00 1.00 1.00 1.00
0.125 3.23 2.59 2.39 2.08 1.75
0.500 3.23 2.59 2.39 2.08 1.75
2.000 0.69 0.58 0.55 0.49 0.44
3.000 0.33 0.28 0.27 0.25 0.22

Figure 2-4. DBE Horizontal Response Spectral Shape (scaled to PGA =1 g).
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PC-3 and PC-4 LANL Vertical Response Spectra
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0.250 3.83 3.07 2.83 2.46 2.08
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1.000 0.89 0.75 0.70 0.63 0.56
2.000 0.39 0.33 0.31 0.28 0.25
3.000 0.21 0.17 0.16 0.14 0.13

Figure 2-5. DBE vertical response spectral shape (scaled to PGA =1 g).

2.1.5.7 PC-3 and PC-4 Analysis Procedures

ASCE Standard XXX is intended to be used with ASCE 4 that provides criteria for the seismic analysis of
safety-related nuclear SSCs. The seismic design and detailing of the components of the seismic-force-
resisting system must comply with all the requirements for PC-1 and PC-2 SSCs. Design requirements
must also comply with the following:
e  For concrete structures: ACI-349, ACI-310, IBC 2003.
e  For steel structures: AISC LRFD, AISC ASD, AISC LRFD/ASD, ANSI/AISC 341-02,
ASCE 8-02, ASCE 19-96, AISC N690, and AISC N690L.
e  For masonry structures: ACI-530-02.
e ASCE 7 for minimum nonseismic design loads for buildings and other structures. ASCE Standard
XXX specifies the seismic load combinations.

PC-3 and PC-4 buildings must be evaluated by seismic dynamic analysis in accordance with the
requirements of ASCE 4. Figure 2-6 shows the linear and nonlinear dynamic-analysis methods that can be
used. The selection of the method will be determined in accordance with ASCE Standard XXX and
ASCE 4.

DOE-STD-1020 allows performing linear-response spectrum dynamic analyses to evaluate the elastic
seismic demand on SSCs. Inelastic energy absorption capability is allowed by permitting limited inelastic
behavior. The inelastic energy absorption capacity of structures is accounted for by the parameter F|,.
Alternatively, nonlinear static analysis (pushover analysis) may be considered, and if necessary, a nonlinear
dynamic analysis may also be used to get more accurate results.
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Figure 2-6. PC-3 and PC-4 Response Analysis Procedures.
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2.1.5.8 PC-3 and PC-4 Seismic-Force-Resisting Systems

Some systems are not appropriate for use in nuclear facilities. These systems are unacceptable because of
either large interstory drifts at high seismic demands or brittle failure mechanisms. Structural systems
specifically prohibited include the following:

Ordinary and Intermediate Moment-Resisting frame systems
K-braced frames

Plain concrete systems

Precast concrete systems, which use gravity-only bearing connections
Unreinforced masonry systems

Wood Structures

All the systems listed in Section 2.1.5.4 that are not permitted for PC-1 and PC-2 SSCs are also not
permitted for PC-3 and PC-4 SSCs. Acceptable structural systems are shown in Table 2-10.

Table 2-10. PC-3 and PC-4 LANL Permitted Basic Seismic-Force-Resisting Systems

Basic Seismic-Force-Resisting System
1. Bearing Wall Systems
A. Ordinary steel-braced frames in light-frame construction
B. Special reinforced-concrete shear walls
C. Special reinforced-masonry shear walls
2. Building Frame Systems
A. Steel eccentrically braced frames, moment-resisting, connections at columns
away from links
B. Steel eccentrically braced frames, non-moment-resisting, connections at
columns away from links
C. Special steel concentrically braced frames
D. Ordinary steel concentrically braced frames
E. Special reinforced-concrete shear walls
F. Special reinforced-masonry shear walls
3. Moment-Resisting Frame Systems
A. Special steel moment frames
B. Special reinforced-concrete moment frames
C. Masonry wall frames
4. Dual Systems with Special Moment Frames
A. Steel eccentrically braced frames, moment resisting, connections at columns
away from links
B. Steel eccentrically braced frames, non-moment resisting, connections at
columns away from links
C. Special steel concentrically braced frames
D. Special reinforced-concrete shear walls
E. Special reinforced-masonry shear walls

2.1.6  Surface Fault Investigations in Los Alamos
Several previous studies have contributed to the understanding of the surface faulting hazard at LANL:

1. Seismic hazard evaluations:

e the Dames and Moore (1972) seismic-hazard evaluation of the Plutonium Facility at TA-55
e the Gardner and House (1987) preliminary 1984—1985 seismic hazard study of LANL
e the 1991 to 1995 WCFS seismic-hazard evaluation of LANL
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2. Fault rupture hazard evaluations:
the Woodward-Clyde Consultants (1991) evaluation of the potential for surface faulting at

TA-55.

Olig et al., 1998, probabilistic surface rupture hazard at TA-3
Olig et al., 2001 probabilistic surface rupture hazard at TA-16
Kolbe et al. (1994) and Reneau et al. (1995) fault displacement hazard investigations at
TA-67 for the proposed Mixed-Waste Disposal Facility.
Kolbe et al. (1995) fault displacement hazard investigation at TA-63 for the proposed
Hazardous-Waste Treatment Facility and Radioactive Liquid-Waste Treatment Facility.

3. Paleoseismic Investigations:
Gardner et al. (1990) 1987 to 1988 paleoseismic investigations of the Guaje Mountain fault
Wong et al. (1995, 1996) paleoseismic investigation of the Pajarito, Rendija Canyon, and

Guaje Mountain Faults.

Kelson et al. (1996) paleoseismic investigation of the Rendija Canyon fault.

Olig et al. (1996) paleoseismic investigation of the main Pajarito fault

McCalpin (1998, 1999) paleoseismic investigation of the main Pajarito fault
Reneau et al. (2002) paleoseismic investigation of the Pajarito fault zone.

Gardner et al. (2003) paleoseismic investigation of the Guaje Mountain fault zone.

4.  Mapping, drilling, trenching, structural, and geologic analysis for various technical areas:

Aerial
Geologic  Structural Geochemical Trench Photograph
Reference Study Area  Mapping  Analysis = Mineralogy Analysis Logging Studies Drilling
Gardner et al., TA-55, TA-3, X
1993 TA-16, TA-18
Carter and
Gardner, 1993, RCD, GMF X
1995
Reneau et al.,
1995 TA-67 X X X X X
McCalpin 1997  PF
Reneau et al.,
1998, Re?neau TA-54 X X
and Vaniman
1998
Gardner et al., TA-48 and X <
1998 TA-55
Northwestern
?;;gner ctal,  artof LANL, X X X X X
TA-3 to TA-55
. SCC and NISC
11(9rl9<;raet al, facilities at X X X
TA-3
Krier et al.,
1998b CMR at TA-3 X X X
Gardner et al.,
2001 TA-16 X X X X
Lewis et al Western part
2002 " of LANL, TA- X X X X X
3 to TA-16
North-Central
Lavine et al., to
2003b Northeastern X X X X
part of LANL
Lavine et al., LANL X

2003a
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High-Precision Total Station Geologic Mapping

The total station is a theodolite coupled with a computer, which is used for a variety of geologic
applications. Among others, the total station is used to generate geologic mapping of field camps

(e.g., Wallace et al., 1996), log paleoseismic trenches, and topographic surveys. LANL has developed a
new method of highly detailed geologic mapping with a total station to identify very small faults with the
potential for surface rupture beneath sensitive facilities at LANL. The “high-precision geologic mapping”
was started for the LANL seismic hazards program in 1996 (Lavine et al. 1997, 1998, 2003; Gardner et al.,
1998, 1999, 2001), although some similar mapping was performed earlier at TA-54 (Reneau et al., 1995).

2.1.7 Surface Faulting

DOE-STD-1023 establishes that for sites containing only PC-1 and PC-2 SSCs, it is sufficient to use the
information provided in the model building codes or national consensus standards. For sites containing
facilities with PC-3 and PC-4 SSCs, site-specific characterization is required. It states that “the potential for
Sfault rupture and its associated tectonic surface deformation at the site must be evaluated. The amount and
style of deformation and the likelihood of future displacement must also be characterized for any
Quaternary (approximately last 2 million years) faults in close proximity to the site (within about 5 miles).”

All Quaternary faults within a radius of 15 to 50 miles of a site should be assessed to determine if they are
significant contributors to the seismic hazard of the site, and a detailed site characterization is necessary for
active faults within a radius of 5 miles. The following factors should be addressed in the investigation: rate
of fault movement, sense of slip (style of faulting), fault-dip and down-dip width, buried or blind faults, and
fault segmentation. These factors will provide the basis for establishing the distance between the site and
the earthquake source.

2.1.7.1 Setback Distance

DOE-STD-1022-94 specifies that sites with potential surface-fault rupture and associated deformation from
active faults should be avoided. Sufficient data or detailed studies must be presented if surface deformation
is not taken into account. DOE-STD-1022-94 refers to 40 CFR 264 for the minimum distance from active
faults for hazardous waste treatment, storage, and disposal facilities. These facilities must not be located
within 200 feet of a fault that has had displacement in Holocene time (the most recent time of the
Quaternary period, 11,000 years) regardless of their performance category. DOE has not provided guidance
on appropriate setback criteria for any other type of facility.

California (California Department of Conservation 2000) passed the Alquist-Priolo Earthquake Fault
Zoning Act in 1972 to mitigate the hazard of surface faulting to structures for human occupancy. The Act
prohibits the construction of buildings used for human occupancy on the surface trace of active faults and
recommends that the buildings to be placed at a minimum setback distance from the fault of 50 ft. For the
purposes of the Act, an active fault is one that has ruptured in the last 11,000 years (Holocene). This
criterion was developed for near-vertical strike-slip faults. However, dipping normal faults have much
broader zones of deformation that are often hundreds of feet wide and are asymmetric because of fault-
scarp geometry, backtilting, and antithetic faulting on the downthrown side of the fault (McCalpin, 1987).
Robinson (1993) specifies the following minimum setback distances for Utah and Juab Counties, Utah:

e 50 ft from the midpoint of a scarp that does not have a 30° slope

e 50 ft from the top and bottom slope break on a scarp that has 30° or more slope

e for scarps where a graben is present, 50 ft from the 30° slope break at the top and 50 ft from the

farthest antithetic fault scarp.

To address these concerns related to normal faults, Utah (Salt Lake County Planning Division, 2002)
provides recommendations for fault setbacks modified from McCalpin (1987) that depend on the slope of
the fault scarps and whether backtilting or antithetic faults are present. Minimum setbacks are based on the
type of proposed structure (Table 2-11). The setback is calculated as the greater of the setback given in
Table 2-11 and that obtained using the following equations:
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Downthrown Fault Block (Hanging Wall)

The fault setback, S, for the downthrown block will be calculated using the following formula:

S:U-(2D+ F j,
tan @

where:

S = Setback within which structures for human occupancy are not permitted,

U = Criticality Factor, based on the proposed occupancy of the structure (see Table 2-11)

D = Expected fault displacement per event (assumed to be equal to the net vertical displacement measured
for each past event)

F = Maximum depth of footing or subgrade portion of the building

0 = Dip of the fault (degrees)

All units are in feet.

Upthrown Fault Block (Footwall)

The dip of the fault and depth of the subgrade of the portion of the structure are irrelevant; therefore,
The setback is measured from the portion of the building closest to the fault, whether subgrade or above
grade.

S=U-2D.

Table 2-11. Setback Recommendations and Critical Factors (U) for IBC Occupancy Classes
(IBC 2003) (Salt Lake County Planning Division, 2002)

Class Minimum Setback
(IBC) Occupancy Group Criticality U (feet)
A Assembly 2 2.0 25
B Business 2 2.0 20
E Educational 1 3.0 50
F Factory/Industrial 2 2.0 20
H High hazard 1 3.0 50

I Institutional 1 3.0 50
M Mercantile 2 2.0 20
R Residential (R-1, R-2, R-4) 2 2.0 20

Residential (R-3, includes

R-3 Single Family Homes) 3 1.5 15
S Storage — 1.0 0
U Utility and misc. — 1.0 0

2.1.7.2 Surface-Fault Rupture and Associated Deformation

Because all the faults in Los Alamos were formed in the Quaternary period, all sites need to be evaluated to
determine if there is a potential hazard because of surface faulting.
In accordance with DOE-STD-1022, the potential for fault rupture and associated tectonic surface
deformation at the site must be evaluated. For any Quaternary fault within 5 miles from the site, the
following information will be provided:

e The amount of deformation,

e  The style of deformation, and

e The likelihood of future displacement.
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Table 2-12 shows the surface-faulting events that were considered (Olig et al., 1996) in the site-specific
probabilistic seismic assessment conducted by Wong et al. (1995). However, paleoseismic information was
too limited with regard to the faulting events when compared to Table 2-13 that shows the most recent up-
to-date data on surface faulting events. The information provided in 1995 was too limited to adequately
characterize rupture behavior or earthquake recurrence along the Pajarito fault. Notice that the most recent
event (MRE) for the Pajarito fault was dated “shortly before 50 to 60 ka,” while in Table 2-13, the MRE
occurred 2.2 to 1.4 cal ka (Trench 97-7). Based on the available data in 1995, recurrence intervals could not
be reasonably constrained for the Pajarito fault. Data were inconclusive to determine whether the Rendija
Canyon and Guaje Mountain faults had ruptured simultaneously with the Pajarito fault. Also, the possibility
of both dependent and independent rupture behavior among the faults in the Pajarito fault system was
addressed but not solved. Olig et al. (1996) reports that “additional paleoseismic and structural studies are
needed to reduce uncertainties in rates of earthquake occurrence for the Pajarito fault system, and to
simplify the modeling of expected rupture scenarios,” (22 scenarios were considered). The following issues
were said to be inconclusive:

1. “Do the Pajarito, Rendija Canyon and Guaje Mountain faults rupture dependently or
independently of each other?

2.  What is the relation of the Sawyer Canyon and Puye faults to the Pajarito Fault System?
3. How much have rupture patterns varied through time?

4. Have slip rates varied significantly through time, and in particular, have short-term rates been
much higher than long-term rates, as observed elsewhere in the Rio Grande rift?”

Table 2-12. Most Recent and Penultimate Known Faulting Events on Faults
within the Pajarito Fault System before 1995 (Olig et al., 1996)

Fault MRE* PE*
Pajarito Fault Shortly before 50-60 ka Shortly before MRE to ~63 ka > 57 ka
Rendija Canyon Fault ~9kaor19to27 ka 60 to 75 ka
>140 £ 26 ka
Guaje Mountain Fault 4to6ka 100 to 300 ka

"MRE = Most Recent Event, PE = Penultimate Event

The site-specific seismic hazard study was developed in 1995 and needs to be reviewed per DOE-STD-
1023-95 about every 10 years. Recent paleoseismic studies have provided new information about the
seismicity at LANL. The main issue of the Gardner et al. (2004) review is that at least three Holocene
paleoseismic events have occurred in the Pajarito fault system. This number of Holocene seismic events
suggests a higher rate of activity than the one incorporated in the probabilistic analysis of Wong et al.
(1995), “where a minimum recurrence interval of 10,000 years for events in the Pajarito fault system was
given a low weight and a recurrence interval of 20,000—40,000 years was given the highest weight.”
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Table 2-13. Up-to-date Most Recent and Penultimate Faulting Events on Faults
within the Pajarito Fault System after 1995 (Gardner et al. 2004)

Locality/
Trench Source MRE" PE’
97-7, -7A 1 1.4 cal ka No evidence
or 1.8 to 1.4 cal ka
or 2.2 to 1.4 cal ka
97-3 1 (20 PDI ka or earlier) to 2.2 PDI ka 45 to 20 PDI ka
97-4 1 (19 PDI ka or earlier) to (2.1 PDI ka, No evidence
2.3 PDI ka, and 2.2 cal ka)
98-4 2 21.3 cal ka to 10.0 PDI ka" <31 "C ka"
98-5 2 12.0 to 3.0 PDI ka" 44 to 11 PDI ka”
98-6 2 7.0 IRSL ka to 2.4 cal ka 24 PDI ka to (2.7 PDI ka or 7 IRSL ka)
or 9.2 IRSL ka to 2.4 cal ka
EOC-2 3 8.6t0 5.5 cal ka (76 PDI ka or earlier) to 54 PDI ka
or < 10.5 cal ka
WETF-2C 4 7.3to 1.3 cal ka 10.9 t0 9.0 cal ka
GMF 5 6.5 to 4.2 cal ka (Cabra Canyon)
6 10 OSL ka to 3.4 cal ka (CHU-3) ~ 39 IRSL ka (CHU-1 and CHU-3)
6 <12.5 cal ka (CHU-2)
RCF 7 > 8.1 cal ka 65 TL kato 8.1 cal ka

"MRE = Most Recent faulting Events, PE = Penultimate faulting Events, as reviewed and reevaluated in Gardner et al. 2004.

*Most recent or penultimate mass wasting event, as reviewed and reevaluated in Gardner et al. 2004.

Acronyms: CHU = Chupaderos, EOC = Emergency Operations Center, GMF = Guaje Mountain Fault, ka = thousands of years before
present, cal ka = thousands of calibrated radiocarbon years before present, IRSL = Infrared Stimulated Luminescence, OSL =
Optically Stimulated Luminescence, PDI = Profile Development Index, RCF = Rendija Canyon Fault, TL = Thermoluminescence.
Sources: 1, McCalpin (1998); 2, McCalpin (1999); 3, Reneau et al. (2002); 4, Gardner et al. (2001); 5, Gardner et al. (1990); 6,
Gardner et al. (in press); 7, Kelson et al. (1996)
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2.2 Volcanic Events

2.2.1 Valles Caldera Volcano

The one million-year-old Valles Caldera in Figure 2-7 is the centerpiece of the Jemez Volcanic Field in
North Central New Mexico. The caldera was formed by collapse in response to eruption of over 300 km® of
magmatic material. Subsequent resurgence of magma formed Redondo Peak, a structural dome, which is
over 3,000 feet above the caldera floor, and a series of volcanic domes along the caldera’s ring fracture
system.

Figure 2-7. Valles Caldera. (Available from the USGS Geospatial Data

Clearinghouse).

The Valles caldera of New Mexico is a resurgent caldera located in the midst of the Jemez volcanic field.
With nearly 40 deep geothermal wells, which have resulted in extensive subsurface data, the Valles caldera
is one of the best explored caldera complexes in the United States. It is the youngest of the two calderas in
the region, having collapsed over and buried the Toledo caldera (which might have collapsed over older
calderas).

2.2.2  Volcanic History of Valles Caldera

Eruption of the Otowi Member of the Bandelier Tuff at 1.6 Ma caused the formation of the Toledo caldera.
Over the next roughly 400,000 years, smaller-volume eruptions continued in the Toledo caldera. Around
1.22 Ma, a major eruption of the Tshirege Member of the Bandelier Tuff occurred, resulting in the
formation of the Valles caldera. Smaller eruptions between 1.2 and 0.52 Ma produced high-silica rhyolitic
lavas and tephras. The youngest series of eruptions have been dated 60 Ka = 15 Ka and produced the
southwestern moat rhyolites. The SW moat rhyolites are made up of three members:

e the Battleship Rock Tuff (ash flow tuff), which mostly flowed down an ancestral San Diego

Canyon,

e the El Cajete Pumice, which was dispersed over a wide region,

e and the Banco Bonito Rhyolite (lava flow), in the southwestern part of the Valles caldera.
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The El Cajete Pumice was deposited in Los Alamos as ash and pumice, up to a few meters thick. It is much
thicker in the Valles caldera.

Recent studies suggest that Valles caldera is entering a new cycle of activity, implying the potential
volcanic hazard to the communities in and around the Jemez Mountains, including Los Alamos National
Laboratory (Wolff and Gardner 1995, Reneau et al., 1996, and Steck et al., 1998).

2.2.3  Volcanic Hazards in Los Alamos

In accordance with DOE-STD-1022-94, the design of sites containing facilities with SSCs in Performance
Category 1 and 2 can be investigated by following the procedures provided in model building codes or
national consensus standards. For sites with SSCs in PC 3 and 4, site-specific NPH assessments have to be
carried out. It states that “in regions where recent volcanic activity (Quaternary) has occurred, the
likelihood of renewed volcanic activity and the associated potential hazards must be assessed.”

The potential volcanic hazards include: lava flows, ballistic projections, tephra (ash) falls, pyroclastic flows
and debris avalanches, lahars and flooding, seismic activity, ground deformation, tsunami, atmospheric
effects, and acid rains and gases.

The Quaternary period goes back to about 1.8 Ma. Therefore, the Bandelier Tuff and the ensuing eruptions
are also Quaternary. Because numerous eruptions have occurred in the Quaternary, a probabilistic volcanic
hazard assessment has to be performed for Los Alamos for the design of PC-3 and -4 structures at LANL.
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2.3 Tornadoes

2.3.1 Fujita Scale Ranks Tornadoes by Damage

T. Theodore Fujita developed a wind damage scale to classify tornadoes. The F—for Fujita—scale uses
numbers from 0 through 5. The ratings are based on the amount and type of wind damage. The ratings are

e F-0. Light damage. Wind up to 72 mph. Some damage to chimneys; breaks branches off trees;
pushes over mustow-rooted trees; damages sign boards.

e F-1. Moderate damage. Wind 73 to 112 mph. The lower limit is the beginning of hurricane wind
speed; peels surface off roofs; mobile homes pushed off foundations or overturned; moving autos
pushed off the roads; attached garages may be destroyed.

e F-2. Considerable damage. Wind 113 to 157 mph. Roofs torn off frame houses; mobile homes
demolished; boxcars pushed over; large trees snapped or uprooted; light object missiles generated.

e F-3. Severe damage. Wind 158 to 206 mph. Roof and some walls torn off well-constructed
houses; trains overturned; most trees in forest uprooted.

e F-4. Devastating damage. Wind 207 to 260 mph. Well-constructed houses leveled; structures
with weak foundations blown off some distance; cars thrown and large missiles generated.

e F-5.Incredible damage. Wind above 261 mph. Strong frame houses lifted off foundations and
carried considerable distances to disintegrate; automobile sized missiles fly through the air in
excess of 100 meters; trees debarked; steel-reinforced concrete structures badly damaged.

F-0 and F-1 tornadoes are considered “weak,” F-2 and F-3 are “strong,” and F-4 and F-5 are “violent.”

2.3.2 Tornadoes in Los Alamos

No tornadoes have ever been reported in Los Alamos County. However, funnel clouds have been observed
in Los Alamos County. Fujita (1972) predicts a maximum wind speed of 200 mph should a tornado occur
in the Los Alamos area. The design wind speed was obtained by adding a safety factor of 50 mph to
150 mph, the upper wind-speed range of an “F-2 tornado” that is possible, but unlikely, to occur in
Los Alamos. The design tornado is estimated to have

e a maximum pressure drop of about 1.5 in. of mercury,

e a maximum pressure-change rate of 0.67 in./s, and

e a maximum rotational wind diameter of 100 ft.

Dust devils are swirls that go upward to fizzle out in clear air; they aren’t attached to clouds. Although they
are most commonly found on deserts and form when air at the ground becomes much hotter than the air
above. The lighter, hot air begins rising and takes on a whirling motion that carries dust and sand upward.

Dust devils are more likely to cause locally damaging winds in Los Alamos. Fujita (1972) states that dust
devils could develop winds of up to 112 mph. Strong dust devils commonly produce 75-mph winds. On
April 24, 1973, a strong dust devil knocked a trailer off its supports and rolled it one complete revolution at
Los Alamos Meson Physics Facility, causing extensive damage (Bowen, 1990).

2.3.3 LANL Tornado Loads

DOE-STD-1020 has tabulated the recommended peak gust wind speeds for straight winds and tornadoes
for several DOE facilities, including LANL. Table 2-14 summarizes the tornado loads for LANL. It can be
observed that no tornado load design is necessary.
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Table 2-14. LANL Basic Tornadoes Loads

Performance Return Period Probability of Basic Wind Importance
Category (years) Exceedance Speed, V (mph) Factor
PC-1 N/A N/A N/A N/A
PC-2 N/A N/A N/A N/A
PC-3 50,000 20%10°° N/A 1.0
PC-+4 500,000 2x10° N/A 1.0

2.3.4 References

Bowen, B., “Los Alamos Climatology,” Los Alamos National Laboratory report LA-11735-MS
(May 1990).

Fuyjita, T. T., “Estimate of Maximum Windspeeds of Tornadoes in Southernmost Rockies,” Satellite and
Mesometeorology Research Paper No. 105, Department of Geophysical Sciences, University of Chicago
(June 1972).

http://www.usatoday.com/weather/resources/basics/twist0.htm
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2.4 Hurricanes

Hurricanes—called typhoons or tropical cyclones in some parts of the world—form over all of the world’s
tropical oceans except the South Atlantic and the Southeastern Pacific.

Los Alamos National Laboratory is located in New Mexico, which is a state with no coastal environment
and 7,400 ft above sea level. Therefore, hurricanes do not occur here.

No specific hurricane load is required for the SSCs in LANL.

2.4.1 Reference

http://www.usatoday.com/weather/hurricane/when-where-hit.htm
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2.5 High Winds

2.5.1 Surface Winds

The average surface winds at Los Alamos are 7 mph. The strongest winds occur in the storms and storms
associated with cold fronts during the spring months. Sustained winds exceeding 25 mph and peak wind
gusts exceeding 50 mph are common.

2.5.2  Maximum wind gusts

Wind gusts are common during the spring. According to Bowen, a maximum wind speed of 69 mph at
TA-59 was recorded in March 6, 1986 (only 9-year period data were available and were measured at a
23-m height). A 77-mph wind gust was recorded from the south-southwest at East Gate on November 15,
1988. A maximum wind speed of 78 mph was recorded at the 92-m level at TA-50 on March 9, 1986.

2.5.3 LANL Design Wind Loads

DOE-STD-1020-02 recommends the use of peak gust wind speeds (3-second gust speed at 33 feet above
the ground) for straight winds and Exposure Category C and importance factors for Los Alamos National
Laboratory. Table 2-15 shows the return period, probability of exceedance, the basic wind speed, and
importance factor for each of the Performance Categories.

Table 2-15. LANL Basic Wind Loads

Performance Return Period Probability of Basic Wind Importance
Category (years) Exceedance Speed, V (mph) Factor
PC-1 50 200 x 10°* 90 1.0
PC-2 100 100 x 107 96 1.0
PC-3 1,000 10x10* 117 1.0
PC-+4 10,000 1x10* 135 1.0

DOE-STD-1020-2002 establishes that all SSCs are to be designed following the most recent model
building code, which is the IBC 2003. The IBC 2003 refers to ASCE 7-02, Chapter 6, for supplemental
evaluation of the design wind loads. Nevertheless, this standard allows for PC-3 and PC-4 SSCs to reduce
the load combinations given in ASCE 7-02 (LRFD or ASD) by 10 percent. Also, in combinations where the
gravity load reduces the wind uplift, the 10% reduction is only applicable to the gravity load factor.

LANL Exposure Category

Using the conservative Exposure Category C according to ASCE 7-02, the potential sheltering from other
adjacent structures and trees, and shelter from changes in the ground elevation can be neglected.

Topographic Effects

Topographic effects must be considered for SSCs located on mesas and close to the edge of canyons or
escarpments.

2.5.4 LANL Missile Load Criteria

DOE-STD-1020-02 also takes into account the effect of objects or debris that could be carried by straight
winds, hurricanes, or weak tornadoes. Table 2-16 shows the recommended missile specifications for PC-3
and PC-4 structures. PC-1 and PC-2 SSCs do not require considering missile criteria. The missile is a 15-1b
2 x 4 timber plank with 50-mph impact speed at a maximum height of 30 ft and 50 ft for PC-3 and PC-4,
respectively.
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Table 2-16. LANL Missile Criteria

Performance  Return Period  Probability of

Category (years) Exceedance Missile Criteria
PC-3 1,000 10x 10" 2 x 4 timber plank 15 1b at 50 mph (horiz.);
maximum height 30 ft
PC-4 10,000 1x10* 2 x 4 timber plank 15 1b at 50 mph (horiz.);

maximum height 50 ft

This missile will
e Break annealed glass,

e  Perforate sheet metal siding,
e  Perforate wood siding up to ¥-in. thick, and
e  Perforate form board.

When the missile passes through a window or a weak exterior wall, it can cause personnel injury and
damage to interior contents of the building. DOE-STD-1020-02 also specifies the recommended straight
wind missile barriers (Table 2-17) for PC-3 and PC-4 SSCs.

Table 2-17. Recommended Straight Wind Missile Barriers for PC-3 and PC-4 SSCs

Performance
Category Recommended Missile Barrier
PC-3 Concrete: 8-in. CMU wall with trussed horizontal joint reinforced at 16 in. on center
Masonry: Single width brick veneer with stud wall.
PC-+4 Concrete: 8-in. CMU wall with trussed horizontal joint reinforced at 16 in. on center

Concrete: 4-in. concrete slab with #3 rebar at 6 in. on center each way in middle of slab.

2.5.5 Reference

Bowen, B., “Los Alamos Climatology,” Los Alamos National Laboratory report LA-11735-MS (May
1990).
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2.6 Floods

The flood design and evaluation criteria of SSCs must consider, according to DOE-STD-1020-02, two
major events:

Regional flood hazards (i.e., river flooding)

New Mexico is characterized by not having large-scale floods. However, susceptible areas such as
arroyos and canyons are prone to flash floods from heavy thunderstorms. Most of the facilities at
LANL are located on top of the mesas. Hazards associated with river flooding can occur in facilities
located in one of the following three main canyons at LANL:

e  Pajarito Canyon,

¢ Los Alamos Canyon, and

e  Water Canyon.

Local precipitation that affects roof design and site drainage.

All sites on top of the mesas and in the canyons must be designed for the effects of intense local
precipitation that affects the roof design and the site drainage.

2.6.1 Post-Cerro Grande Fire

In May 2000, a prescription burn, started on Bandelier National Monument, blew out of control, and was
designated as a wildfire. This wildfire burned around 7,650 acres within the boundaries of LANL, and
severely burned the headwaters of many of the canyons that run through LANL. Because of the loss of
vegetation and hydrophobic soils from steep canyon sides, surface runoff and soil erosion on hillsides
above LANL were greatly increased over prefire levels. DOE/EA-1408 addressed the following emergency
response actions to avoid the watershed conditions that resulted after this fire:

e A flood retention structure in Pajarito Canyon.

A low-head weir and detention basin in Los Alamos Canyon.

Reinforcements of the following four road crossings:
o Embankment reinforcements in State Road 501 at Two-Mile Canyon,
o Reinforcements in Pajarito Canyon and in Water Canyon, and
o A land bridge Anchor Ranch Road in Two-Mile Canyon.

A steel diversion wall upstream of TA-18 in Pajarito Canyon.

2.6.2 LANL Flood Loads

In accordance with DOE-STD-1020, buildings have to be designed for flood hazards according to their
performance category (see Table 2-18).

Evaluation of the flood design basis for SSCs consists of the following:
e Determination of the Design-Basis Flood (DBFL) for each flood hazard (see Table 2-19) as
defined by the hazard annual probability of exceedance and applicable combinations of flood
hazards.

e Determination of the DBFL must be accomplished in accordance with DOE-STD-1023. The flood
hazard assessment identifies the sources of flooding and the individual flood hazards. The DBFL
for each flood hazard is defined in terms of:

e  Peak-hazard level (e.g., flow rate, depth of water) corresponding to the mean hazard annual
exceedance probability, including the combination of flood hazards.

e  Corresponding loads associated with the DBFL peak-hazard level and applicable load
combinations (e.g., hydrostatic and/or hydrodynamic forces, debris loads).
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e  Evaluation of the site stormwater management system.

The flood evaluation process is explained in detail in DOE-STD-1020-02. For new construction, the SSC
should be constructed above the DBFL to eliminate the flood loads as part of the design, so flood hazards
are not considered in the design basis (except for local precipitation). If this is not possible, DOE-STD-
1020-02 lists alternate strategies to consider.

Design of civil engineering systems to the applicable DBFL and design requirements.

For PC-1 SSCs, the DBFL can be estimated from available flood hazard-assessment studies. For PC-2
through PC-4 SSCs, a comprehensive site-specific flood hazard assessment should be performed, unless the
results of a screening analysis demonstrate that the perform