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1.0 INTRODUCTION

New site-specific shear wave velocity structure profiles were measured across a representative
range of surficial geologic deposits to characterize seismogenic ground shaking hazards in
Pocatello, Idaho. Interferometric MASW (IMASW) surface shear wave geophysical survey
methods were used to calculate 52 high-resolution shallow shear wave velocity profiles in order
to develop empirical relationships between shear wave velocity and lithology, and to produce
predictive hazard maps of seismically-induced ground shaking in Pocatello. P-Wave refraction
processing methods were used to estimate water table depths for the seismic surveys to
produce liquefaction susceptibility maps for Pocatello.

1.1 Purpose

This Seismic Survey Data Report presents results of the Fugro Consultants, Inc. (FCL) surface
geophysical investigation and resulting liquefaction potential and National Earthquake Hazard
Reduction (NEHRP) site classification maps. This study was funded by the Idaho Department of
Homeland Security (IDHS) Purchase Orders BH120570, BH120571, and BH130014 in effort to
characterize seismic ground shaking and liquefaction hazards within the city limits of Pocatello,
Idaho.

This investigation develops empirical relationships between subsurface shear wave velocity (Vs)
and lithologic properties of surficial geologic units in order to produce predictive microzonation
maps of expected shallow surficial response to strong ground motions. Similar empirical
relationships between surficial geology and subsurface shear-wave velocity have been used for
many years to predict ground motion amplification (e.g. Joyner and Fumal, 1985; Boore et al.,
1993; Borcherdt, 1994; Holzer et al., 2002, 2005), and shear-wave velocity is a well-accepted
and widely used measure of rock or soil conditions for calculating ground motions for soil and
rock (e.g., Fumal, 1978; Fumal and Tinsley, 1985; Park and Elrick, 1998).

Ground motion prediction equations often require depth-averaged shear-wave velocities to 30
meters depth (Vs30) to estimate Next Generation Attenuation ground shaking parameters
(NGA, 2008). Geologic units were correlated into groups that are expected to perform similarly
based on the Vs-based NEHRP soil classification criteria. This method has been applied in
other recent studies at local (e.g., Clahan et al., 2010, Turner et al., 2010, 2011, 2012; Phillips,
2011, Scott et al., 2006), regional (e.g., Wills et al., 2000; Wills and Clahan, 2006; Louie, 2008;
Wills and Guiterrez, 2008), and national (e.g., Petersen et al., 2008) scales. In addition to the
NEHRP classification maps, results of this study provide quantitative Vs inputs for future site
classification efforts, NGA ground shaking modeling efforts, and calculations of expected
amplification factors for Pocatello, Idaho.

The degree of seismogenic ground shaking a location will experience at the ground surface is
related to the underlying shear-wave velocity (Vs) structure. For example, under seismogenic
ground shaking, Holocene-aged unconsolidated alluvial and fluvial deposits are expected to
produce strong amplification of ground motions and experience higher peak particle velocities,
have higher liquefaction susceptibility, and increased ground shaking relative to older, stiffer
soils and bedrock units.
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Fifty-two sites were surveyed in June 2012 using phase processing techniques of the recently
developed (O’'Connell and Turner, 2011) Interferometric Multichannel Analysis of Surface
Waves (IMASW) method to measure shear-wave velocities across a representative range of
geologic units. The IMASW method was designed to measure site-specific line-averaged shear-
wave velocity (Vs) profiles to a minimum depth of 30 meters (Vs30) although, in general,
IMASW surveys resolve shear-wave velocity structure significantly deeper than 30 meters.

The resulting line-averaged shear-wave velocity values were calculated for a variety of depths
from 5 to 30 meters (Vs5, Vs10, Vs20, and Vs30), the depth zone of influence to most buildings
and engineered structures. These Vs values were compiled to develop a characteristic Vs for
each major mapped surficial geologic unit (Rogers and Othberg, 1999; Othberg, 2002). These
geologic units were subsequently grouped by similar lithologic and Vs characteristics to provide
a basis to examine the relationships between lithology and shear wave velocity.

P-wave refraction processing methods were applied to image depths to the saturated zone, or
water table, at each survey location. These new water table data are combined with existing
static water table well data (Welhan and Moore, 2012) to develop predictive seismogenic
liguefaction susceptibility maps for Pocatello.

Seismic ground shaking behavior of surficial deposits can be understood as an interaction
between the physical characteristics of the material: age of the deposit, the degree of
lithification, grain size, compaction, the intrinsic Vs of the material, shear and bulk moduli, and
the level of water saturation. The 52 seismic surveys provide new Vs and water saturation data.
Further analyses in this investigation combine these new data with existing geologic mapping
and associated lithologic data, water saturation data, and publically available ArcGIS
geodatabase files.

The investigation was implemented in a phased approach. Site selections and land permissions
were followed by a field campaign to acquire new site-specific shear-wave and P-wave velocity
data at 52 locations in Pocatello from June 18-23rd, 2012 (Figure 1). The 52 locations were
chosen to obtain multiple measurements across a representative range of each surficial
geologic deposit in Pocatello (Figure 2).

1.2 Acronyms and Abbreviations

AWD Accelerated Weight Drop

FCL Fugro Consultants Incorporated

IBC International Building Code

IDHS Idaho Department of Homeland Security

IGS Idaho Geological Survey

IMASW Interferometric Multichannel Analysis of Surface Waves
NEHRP National Earthquake Hazard Reduction Program
P-f Slowness-frequency

P-wave Primary (acoustic) Wave

Vs Shear Wave Velocity

WET Wavepath Eikonal Traveltime
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2.0 SEISMIC SURVEYS

Thirty to forty seismic survey sites were proposed prior to field activities. In an initial desktop
study, 60 potential sites were identified using a combination of Google Earth, geologic maps,
and land ownership parcel data available on the Bannock County website. 60 sites were initially
targeted to ensure at least 40 sites would be available for seismic surveying, and to have extra
sites in case seismic surveys were acquired faster than anticipated during the 6-day field
campaign. The selection criteria for viable sites were: 1) obtain sufficient coverage of each
surficial geologic unit as functions of area and anthropogenic development, 2) have sufficient
open space to conduct the 92-meter long surveys, and 3) have access and landowner
permission.

2.1 Seismic Survey Locations

Of the 60 potential seismic survey sites identified in the desktop study, the Permission
Coordinator obtained permission to 54 sites prior to the start of field work. 52 seismic surveys
were acquired during the field campaign.

Lines 37 and 45 were not acquired due to logistical factors. To avoid line naming and seismic
data management complications, no changes were made to the original 54 proposed line
numbers. Data tables and maps list Lines 1 through 54, with “not acquired” and “n/a” for lines 37
and 45. Footnotes addressing this point are provided on the maps and figures.

A 24-channel seismic array with 4 meter geophone spacing (92 meter overall line length) was
deployed at each of the 52 sites. The resulting post-processed Vs-depth profiles depict the
average shear wave velocity measurements along the length of the 92 meter array, and the
resulting calculated Vs value is representative of the midpoint of each line. Line locations are
provided in Table 1.

2.2 IMASW: Interferometric Multichannel Analysis of Surface Waves

The primary objectives of the IMASW investigations are to estimate vertical variations in shallow
shear-wave velocity structure averaged across the lateral dimensions of each individual survey
line and to estimate depth-averaged shear-wave velocities along each survey alignment
(O’Connell and Turner, 2011). For this investigation, depth-averaged Vs data are calculated at
0.5 meter vertical resolution, and depth-averaged values are calculated for 5 meter (Vs5), 10
meter (Vs10), 20 meter (Vs20), and 30 meter (Vs30) ranges at each of the 52 survey locations.

In contrast to borehole seismic surveys, IMASW surface surveys sample a much larger volume
of the subsurface, and generate a one-dimensional shear wave velocity profile averaged over
the 24-channel 92 meter survey line length; this one-dimensional Vs-depth profile is
representative of the midpoint of the line. Table 1 line location coordinates show the midpoint of
each survey line. Active-source IMASW acquisition and data processing techniques provides
improved depth resolution and depth-uncertainty constraints relative to ReMi and MASW
methods (O’Connell and Turner, 2011). MASW (Park, 1999) and ReMi (Louie, 2001), are useful
and widely-accepted methods for measuring shallow Vs; IMASW builds upon and improves
upon these approaches with bi-directional active sourcing and seismic interferometry methods
to improve depth resolution and to delineate the data resolution and depth uncertainties.
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In some circumstances the IMASW surveys received sufficient low-frequency surface wave
signals to estimate shear-wave velocities to 150-180m depth; these deep Vs-depth profiles are
included in Appendix A. These data are of interest to the geoscience community for further
interpretation.

Sufficient data were obtained for all Pocatello IMASW line profiles to estimate shear-wave
velocities to depths substantially greater than 30m. Although uncertainties in shear-wave
velocities increase with depth, the Pocatello IMASW data provide well-constrained minimum
shear-wave velocities significantly deeper than 30m. Lower shear wave velocity corresponds to
increased ground shaking; therefore it is more important to constrain minimum Vs values rather
than maximum Vs values to obtain a conservative estimates of ground shaking potential.

2.3 Data Acquisition

At each survey location, active-source seismic shot records were recorded with a 92 meter long
24-channel array with 4 meter station spacing using Seistronix EX-6 acquisition equipment and
Mark Products L10-A geophones in conjunction with a Digipulse 40 Kg Accelerated Weight
Drop (AWD) source. 2 second (sec) records with 2 millisecond (ms) sampling rate were
obtained. Typically 4 to 6 shot records were real-time stacked at each source location through
the line. Low-quality shot records were not included in the real-time field stacks. Raw data
exported from the Siestronix system are in .dat (SEG2) format. 9 source locations were shot
through each line; 6 meters off the phone 1 end, at stations 1.5, 4.5, 8.5, 12.5, 16.5, 20.5, 23.5,
and 6 meters off the phone 24 end. Shot records, observer’s logs, and GPS data were uploaded
and backed up onto FCL servers each evening. FCL conducted daily data quality monitoring to
ensure sufficient data were recorded at each site. Raw seismic data and observer’s logs are
provided in Appendix G.

2.4 Data Post-Processing

2.4.1 IMASW Phase Slowness-Frequency for Shear Wave-Depth

Shear wave data were processed using FCL'’s proprietary IMASW v1.2 software. Seistronix 2.48
software was used to convert the .dat (SEG2) files into SEGY format. The SEGY files were read
into IMASW v1.2 for all subsequent processing. Phase slowness-frequency (p-f) data were
interpreted for each line by bi-directionally stacking each stacked shot record, so all shot
records from the line are displayed in a single line-averaged stacked p-f image. Each shot p-f
record was then viewed individually, and any bad records that were too noisy or dominated by
higher mode or aliased energy were removed from the overall stack to improve p-f dispersion
image quality.

P-f plots were resized to depict the range of slowness and frequency bandwidth with sufficient
data resolution for dispersion interpretation and picking. p-f Rayleigh Wave best-estimate
dispersion picks were made in the area of highest data density, with upper bounding uncertainty
picks constraining the slowest, or most conservative dispersion interpretation. All p-f dispersion
images with best-estimate and uncertainty picks are provided in Appendix A.

Seismic illumination from the Digipulse 40 Kg weight drop is of high quality; Rayleigh Wave

dispersion is typically saturated in the frequency bandwidth window of interest with relatively
narrow slowness ranges of large amplitude at each frequency (approximately 5 to 50 Hz). P-f
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dispersion pick inversion sufficiently constrain the subsurface velocity structure, so it was
unnecessary to conduct supplementary IMASW processing steps to obtain additional group-
and phase-velocity constraints such as calculating Correlation Green’s Functions and estimating
group arrival times and group velocities.

The p-f dispersion and uncertainty pick parameters are used in the IMASW v1.2 software Monte
Carlo inversion module to evaluate 14,000 possible velocity-depth models over 5 convergent
iterations to provide inputs for the final inversion. The 6™ final inversion uses these inputs to
develop 2000 final models using iterative inversion parameters (O’Connell and Turner, 2011).
Results of the final inversion module provide the statistical mean, median, and chi-squared
uncertainties for the final 2000 best-fit models.

Statistical Vs-depth profiles from the Monte Carlo inversions are output into graphic plots shown
in Appendix A, and excel spreadsheet files in digital Appendix C. All Vs-depth data are
calculated in 0.5 meter vertical resolution. See Section 6.0 Guide to Appendices for detailed
information.

2.4.2 Rayfract P-wave Processing for Depth to Water Table

P-wave plots, shown in Appendix B, were generated with Rayfract Software version 3.22. Shot
records were imported for each seismic line. First-breaks were picked for each channel on the
24-channel line. Subsequently, the first-break picks were imported into a Wavepath Eikonal
Traveltime (WET) smooth tomographic inversion (Shuster and Quintus-Bosz, 1993; Spetzler
and Snieder, 2004) with 1-D initial model. Rayfract inversions ran with 20 WET iterations. IDL
8.1 software was used to generate the P-Wave Refraction Vp contour plot and Ray Density plot
graphic outputs for each line.

The P-wave velocity of water corresponds to approximately 1470 meters/sec. The P-wave and

depth-to-water table plots with 1470 m/s contour lines depicting the depth to the water table
below ground surface are provided in Appendix B.
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3.0 IMASW SEISMIC SURVEY RESULTS

3.1 Depth-averaged Shear Wave Velocity Calculations

Final Vp-Vs spreadsheets that contain the Vs-depth data and imbedded Vs5, Vs10, Vs20, and
Vs30 calculations are provided digitally in Appendix C. The analytical methodology used to
determine Vs-depth values for each seismic survey is presented in the International Building
Code (2009) Section 1613, Equation 16-40:

n

Zdi
\75: =1
nodi

SVa

Where:
e V=The shear wave velocity in meters per second (m/s)
e d; = The thickness of any layer between 0 and 30 meters; in this case thickness is 0.5 m

n
. Zdi = 30 meters for Vs30,

i=1

. Zdi = 5 meters for Vs5, etc...

i=1
3.2 Vs-depth Results

The individual Vs-depth plots presented in Appendix A are grouped by surficial geologic unit are
shown in Figures 3 through 9. The figures are grouped and labeled by their NEHRP Site
Classification (Table 2) and “lumped,” or combined surficial geologic map unit (Table 3), and in
the NEHRP Site Class maps in Appendix E. Highly detailed map units of similar provenance
and age were “lumped” into combined surficial geologic units, as detailed in Table 3 and
discussed in further detail in Section 4.3.

In the IMASW plots in Appendix A, only S-wave velocities are well resolved. P-wave velocities
are included in the inversions to avoid introducing a priori biases in estimated S-wave velocity,
but P-wave velocities are generally only weakly resolved and are superseded by the P-Wave
constraints provided by the P-wave first-arrival picks and 2D P-wave tomography estimates in
Appendix B.

In some ideal circumstances IMASW surveys received sufficient low frequency surface wave
signals to estimate shear wave velocities to 180 m depth. Sufficient data were obtained during
this study to calculate shear wave velocities to 30 m for all line profiles, and shallow velocity
structure is well constrained at depths <30 m. Typical frequency bandwidth of well resolved
phase velocities varies over the frequency range of 2 Hz to 50 Hz, with most IMASW lines
obtaining good resolution of phase and group velocities in the 5 Hz to 40 Hz frequency band.
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3.3 Vs-Depth Profiles for Surficial Geologic Units

Vs-depth profiles organized by surficial geologic unit are shown in Figures 3 (Qal), 4 (Qc), 5
(Qfg), 6 (Qfp), 7 (QD, 8 (QIls), and 9 (Qm). The surficial geology Vs-depth figures show the
individual seismic survey Vs-depth profiles for each geologic unit, and the log-mean composite
Vs-depth profile that represents the average Vs-depth plot for each respective geologic unit.
These plots are truncated at the minimum depth of data resolution of the profile that had the
shallowest maximum depth of resolvable Vs from amongst all the individual profiles included in
each geologic unit.

Figure 10 compiles the log mean composite for each geologic unit into one figure for side-by-
side comparison.

The individual Vs-depth plots from each seismic survey line are provided in Appendix A. The
Appendix A plots are not depth-truncated and show the maximum depth resolution of each line,
although areas with high (yellow) uncertainty should not be used for interpretation. Spreadsheet
files containing the source data for the Appendix A P-wave and S-wave plots, that include
imbedded IBC Vs-depth calculations of Vs values for this project, are provided in Appendix C as
a digital supplement.
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4.0 NEHRP SITE CLASS AND LIQUEFACTION MAPPING

The maps generated for this study combine new Vs-depth and P-wave-depth data with existing
surficial geologic maps. The NEHRP Site Classification schema (Table 2) is used as the basis
for Vs-depth classifications (FEMA, 1994; Wills et al., 2000). This same Site Classification
schema is also adopted by the International Code Council (2009), and is included in the
International Building Code.

The NEHRP site classification Vs-depth mapping techniques and methods applied in this
investigation build on previous work funded by USGS NEHRP program in Albuquerque, NM,
and the ldaho Department of Homeland Security in Teton County, Idaho (Clahan et al., 2010;
Turner et al., 2010, 2011, 2012; Zellman et al. 2010; Phillips, 2011).

4.1 NEHRP Mapping Approach

The general velocity structure in Pocatello is clearly demonstrated in Figures 3 through 10, and
Appendices A and C. Surficial deposits with slow Vs values (NEHRP Class D, or Vs <360 m/s)
are only several meters thick and are underlain by older, faster-Vs geologic unit(s). Five-meter
depth-averaged Vs values are noticeably slower than deeper intervals (e.g. Vs10, Vs20, Vs30).
Vs increases with depth.

This slow-over-fast, or young weakly- or non-lithified soil over older lithified bedrock,
phenomenon is common and nearly ubiquitous in the world. This phenomenon in Pocatello is
basically obscured in a simple Vs30 map for the study area. Vs30 maps are more appropriate
for regional-scale estimates. Displaying these new high resolution site-specific data requires a
different approach. We approach this complication by generating a suite of Vs-depth maps to
delineate surficial deposits which may experience ground amplification as a function of the
underlying Vs-depth structure.

Conceptually, a 5-meter thick unconsolidated soil deposit with Vs=100 m/s overlying 25 meters
bedrock of Vs=1000 m/s would yield a Vs30 of 850 m/s, and a Vs5 value of 100 m/s. Looking at
the Vs30 value, or Vs30 map alone would not accurately delineate the potential for strong
ground amplification effects of the 5 meter thick 100 m/s soil. End users can derive more
information from the data using a combination of Vs-depth maps, individual Vs-depth profiles for
each line, and characteristic values for each unit.

Vs values for the surficial deposits in Pocatello are delineated by showing shallower Vs-depth
data in the maps provided in Appendix E. The maps include: Surficial Geologic Map, Vs30
NEHRP Site Class Map, Vs20 NEHRP Site Class Map, Vs10 NEHRP Site Class Map, Vs5
NEHRP Site Class Map, Water Table Contour Map, and Liguefaction Susceptibility Map. The
maps were compiled in ESRI ArcGIS version 10 with Geographical Information System (GIS)
data provided by the City of Pocatello.

4.2 Existing Map Data
GIS data files representing the Geologic Map Compilation of the Pocatello 30 x 60 Minute

Quadrangle, Idaho (Link and Stanford, 1999) and the Geologic Map Compilation of the Malad
City 30 x 60 Quadrangle (Long and Link, 2007) were downloaded from the ldaho Geological
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Survey (IGS) and used as the primary map base of the study. The geologic data in these
geodatabase files are digitized after more detailed 1:24000 scale mapping. Pocatello is located
within the Pocatello 30 x 60 quadrangle and lies across the 42°52'30" E-W boundary which
separates the 1:24000 scale Pocatello North quadrangle from the Pocatello South quadrangle.
1:24000 mapping by Rodgers and Othberg (1999) in the Pocatello South quadrangle and
Othberg (2002) in the Pocatello North quadrangle are the primary geologic mapping source
used for this study.

A shapefile representing the boundary for the City of Pocatello was provided by the City of
Pocatello. Using ESRI ArcGIS version 10, the IGS geology files were clipped to the city
boundary. The clipped geology file was then modified to reflect map correlations and unit
descriptions of the more detailed mapping (1:24,000) by Rodgers and Otheberg (1999) and
Othberg (2002). The geologic units displayed in this file were then “Lumped” based on geologic
properties to create the surficial geologic map depicted in The Surficial Geologic Map of
Pocatello (Appendix E).

The Pocatello North and Pocatello South 1:24,000 Topographic maps, and a 10 meter National
Elevation Data (NED) Digital Elevation Model (DEM) and equivalent Hillshade image were
downloaded (May 2012) from the Idaho State University GIS Center's Web Server
(http://giscenter.isu.edu/index.htm). The cached map service 'Topo_10m' was downloaded from
the Idaho State University GIS Center's Web Server (http://ags.qgis-
center.isu.edu/arcgis/services) and used as a base map. This base map uses the
IdahoNED_10mHIshd and Idaho_ 24k _DRG image services to create a textured topographic
map. The geodatabase is projected in Universal Transverse Mercator zone 12N and uses the
1983 North American Datum. The correlation and description of map unit sections are after
Rodgers and Othberg (1999) and Othberg (2002).

4.3 Development of Vs-Lithologic Lumped Units

Detailed map units similar in age, depositional process, grain size, provenance, and
characteristic Vs values are combined into characteristic Vs-lithologic units for the NEHRP Site
class maps. The areal extent of surficial geologic units was tabulated along with qualitative
percentages of human development per surficial geologic unit (Table 4). These results were
used to choose relevant seismic survey locations that were evenly dispersed across a
representative range of surficial geologic units with a general weighting towards highly
populated areas.

Table 3 lists which detailed geologic units were lumped together for this study. Units Qal, Qm
and Qfg were lumped similarly as Link and Stanford (1999). Most of the surficial units in the
Pocatello area had some amount of loess varying from a thick loess mantle, to mixed loess and
colluvium, to reworked loess alluvial fans. Bedrock units, comprising pre-Tertiary and Tertiary
age units exposed at the surface and/or underlying surficial deposits were delineated within the
city boundary and tabulated in Table 7; the underlying bedrock units have characteristic Vs
values that effect the Vs10, Vs20, and Vs30 values and corresponding maps.

4.4 NEHRP Site Class Maps of Pocatello
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NEHRP site class maps were created to aid Pocatello city planners in seismic hazard mitigation
in the event of potential earthquake-induced ground shaking and liquefaction. To characterize
the susceptibility of ground shaking during an earthquake, NEHRP classifications were made for
surficial geologic units within the city limits of Pocatello. From available geologic maps (Link and
Stanford, 1999; Rodgers and Othberg, 1999; Othberg, 2002), detailed surficial unit divisions
were lumped into seven simplified surficial units on the basis of similar age, depositional grain
size, and provenance (Table 3).

Site-specific Vs values organized by surficial unit were classified using the NEHRP/IBC Site
Class schema (Table 2). Depth-averaged Vs values were calculated by with the International
Building Code calculation shown in Section 2.3 to depths of 5m, 10m, 20m, and 30m and
averaged over the respective depths. These individual values for each line 5m, 10m, 20m, and
30m depth intervals were compiled into an Excel database according to the surficial unit at the
survey location.

For each surficial unit, the individual line values are averaged to develop the characteristic Vs-
depth values applied to the map. These averaged characteristic Vs values were then used to
correlate surficial units to Vs-based NEHRP classifications. The color-coded NEHRP maps
(Vs5, Vs10, Vs20 and Vs30) use the NEHRP site classification criteria.

4.5 Liquefaction Susceptibility and Water Table Contour Maps

Liquefaction is the process by which soils and sediments become liquefied and behave as a
fluid mass that can experience lateral spreading or downslope movement. Liquefaction can
occur when saturated soils and sediments are shaken by ground strong seismogenic ground
motions to the point that non-cohesive soils begin flowing, or cohesive soil properties are
overcome in weakly-lithified deposits.

To map the liquefaction susceptibility of the surficial units underlying Pocatello, new water table
depth values were calculated from the P-wave refraction data processed using Rayfract for the
52 seismic survey lines (Appendix B).

43 of the 52 sites produced well-constrained water table depths. Lines that did not constrain the
depth to the water table are lines 5, 7, 18, 25, 26, 27, 29, and 51; maximum P-wave velocities
resolved in lines 5, 7, 18, 25, 26, 27, and 29 were < 1470 m/s suggesting that the water table
was deeper than the maximum depth of resolved P-wave velocities for these lines.

These 43 new water table depth values were combined with existing published static water table
values from local water wells (Welhan and Moore, 2012) (Appendix D). New water level
estimates are made for peak snow melt and runoff season. 191 water well logs from months
March-June over the last 50 years from the Idaho Department of Water Resources website
(IDWR, 2012) static water measurements are combined with new P-wave refraction water table
depth results from the new seismic surveys. A total of 43 (of the 54 surveys) Vs contour models
imaged the 1470 m/s contour (Appendix B).

The P-wave refraction data correlate well with the spring well log data. The combined water
table data were imported into ArcGIS to generate a triangular irregular network (TIN) contour
map. The 12m contour defines the area within Liquefaction Susceptibility Class 2 (Moderate)
shown on the Water Table Contour Map (Appendix E).
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4.5.1 Hydrogeology Discussion

The dominant source of water in the Lower Portneuf Valley Aquifer comes from the Lower
Portneuf River, flowing NNW from the Portneuf Narrows area towards American Falls Reservoir
NW of the Pocatello. The Lower Portneuf River is channelized within concrete containment
walls throughout much of the city and no substantial wetlands exist. Water table contours show
a water table that dips gently NNW from depths of <6m from its southern extent to depths of
>15m in the northwest portion of the city.

4.5.2 Age Texture and Environment (ATE) Classification

As previously discussed, liquefaction is a function grain-to-grain cohesion within a body of soil
or sediment. Cohesion is a function of age, texture and environment (depositional). Age-
Texture-Environment (ATE) classification scheme (Williams, 2011) is applied to the surficial
units of Pocatello in Table 8. ATE classification results are shown in Table 9.

4.6 Mapping Discussion and Conclusions

The NEHRP site class maps show Vs gradually increasing with depth. In general, Pocatello is
underlain by 5m of sediment in NEHRP Class D1 (240-180m/s) and 10m of sediment in Class
D1 and Class D2 (300-240m/s). The Vs20 and Vs30 maps show faster velocities in a similar
depth-velocity profile underlain by faster bedrock.

The water table and liquefaction study suggest that liquefaction susceptibility is, at its highest,
only moderate (Class 2), with the highest liquefaction susceptibility potential in the springtime.

4.7 Limitations on the Use of These Maps

The NEHRP Site Class maps use Vs30, Vs20, Vs10, and Vs 5 values measured at separated
localities to characterize the surficial geologic units. The statistical mean and median Vs-depth
interval values measured and calculated for this study are applied to the mapped units as the
representative Vs value within Pocatello city limits. Site-specific geotechnical investigations are
required to determine actual ground conditions for specific building sites. This map is intended
to be used at a scale of 1:24,000.
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7.0 GUIDE TO APPENDICES

Appendix A: IMASW Shear Wave Velocity Inversion Results

Appendix A contains two pages for each seismic line. Figures A1 and A2 correspond to
Line_1_Caldwell, Figures A3 and A4 correspond with Line_2_Optimist, and so on.

These plots are provided as supporting data used for the NEHRP and liquefaction maps, and
should be made available for geoscientists who would like to make additional geologic
interpretations on subsurface geologic structure, depths to units, soil thickness, and depths of
geologic contacts.

Page 1 (e.g. Figure Al): The first figure for each line is titled “Bi-directional Slowness-Frequency
Rayleigh Wave Dispersion Curve Stack with Picks,” and displays the subsurface slowness and
phase velocity as a function of frequency bandwidth known as Rayleigh Wave dispersion.
Slowness (in seconds/meter) is the inverse of velocity (meters/second). Dispersion picks are
made for fundamental mode energy corresponding to the red color saturation. Slowest picks, or
uncertainty picks, are made along the upper yellow area to constrain the slowest possible
interpretation.

1. Figure Al: Bi-directional stack Rayleigh wave dispersion curve with slowness-
frequency picks

Page 2 (e.g. Figure A2): The second page contains two figures for each line. The upper figure
contains P-wave plots which are superseded by the P-wave values presented in Appendix B.
The lower figure shows S-wave Velocity/Depth plots which show the 0.5-meter resolution Vs-
depth data plotted. The tabulated source data for these plots are presented in Appendix C.

2. Figure A2 Upper Plot: P-Wave/Depth plot Monte Carlo Inversion Results
Figure A2 Lower Plot: S-Wave/Depth plot Monte Carlo Inversion Results

Appendix B — Rayfract P-wave Refraction Vp and Ray Density Plots

Results of the Rayfract P-wave refraction and Ray Density processing are depicted as two plots
per page. The upper plot shows the P-wave velocity in m/s and the interpreted water table is
depicted as the 1470 m/s contour line as depth below ground surface. The depth to water table
picks are tabulated in Tab 4 of Appendix D.

The 1470 m/s contour was not resolved in Lines 5, 7, 18, 25, 26, 27, 29, 51.

Appendix C — Final Vp-Vs Spreadsheets with Vs5, Vs10, Vs20, and Vs30
Calculations (Digital Appendix)

The source data containing the x-y coordinates used to plot the S-wave/Depth plots are
tabulated in the digital Appendix C excel spreadsheet files which contain the Vs-depth (Vs5,
Vs10, Vs20, and Vs30) calculations. All Vs-depth data are provided at 0.5 meter depth
resolution.
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Appendix D — Final Spreadsheets with Depth to Water Table Compilation Data
(Digital Appendix)

An Excel spreadsheet is provided with all water table depth data used for this investigation.

Appendix E — NEHRP Site Class, Water Table, Surficial Geology, and Liguefaction
Potential Maps (Digital Appendix)

Large format Adobe .pdf files of each final map are provided in Appendix E. These maps are
ready to be printed and uploaded to the IGS website. The ArcGIS files used to generate these
maps are provided in Appendix F.

Appendix F - ArcGIS Data Files (Digital Appendix)

The Geographical Information System (GIS) data package accompanying this report includes 4
shapefiles (Pocatello_Vs_Sites.shp, Vs_Surficial_Geology.shp,
Vs_Surficial_Geology_Contacts.shp, and WaterTable_LessThan_12m.shp), a hillshade image
(Pocatello_10m_hs) of a 10-meter Digital Elevation Model (DEM) from the National Elevation
Dataset (NED), and an .mxd file (PocatelloVs.mxd).

All files are clipped to the City of Pocatello, ID boundary with NAD 1983 UTM Zone 12N
projection. These files were created and edited in ArcGIS version 10.0. Metadata, written in
Federal Geographic Data Committee (FGDC) format, was completed for the shapefiles and the
hillshade image. The shapefile attribute tables have been constructed with clearly labeled and
organized attribute fields, and they are populated to show the relevant data gathered during this
study. Additionally layer files (.lyr) have been created and added to this delivery package to
symbolize the shear-wave velocity data (Vs5, Vs10, Vs30, and Vs30), surficial geology, surficial
geologic contacts, and liquefaction hazard classification. This information is presented and
organized within the .mxd file.

Appendix G — Raw Seismic Records and Observer’s Logs (Digital Appendix)

Raw unprocessed seismic data and the accompanying observer's logs for each line are
provided.
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Table 1. Seismic Survey Locations. Coordinates
represent the midpoint of each 92-meter long
seismic line. Note that lines 37 and 45 were not

obtained.
Seismic Line Midpoint
Line ID | Seismic Survey Site LAT LONG

1 Caldwell Park 42.86760 | -112.44039
2 Optimist Park 42.87449 | -112.44826
3 Ammon Park 42.88361 | -112.43251
4 Alameda Park 42.88469 | -112.44510
5 Scardino Park 42.90134 | -112.44301
6 Satterfield Dr. 42.92025| -112.40934
7 Sister City Park 4290135 | -112.42023
8 Outback line 42.89749 | -112.42665
9 Roosevelt 42.88655 | -112.45439
10 NOP Park 2 42.89685 | -112.45798
11 NOP Park 1 42.89696 | -112.46317
12 Hawthorne Park 42.89704 | -112.47292
13 OK Ward Park N 4291023 | -112.48385
14 OK Ward Park S 4290771 | -112.48286
15 Philbin Rd. 4290188 | -112.49463
16 Greenway 42.87121 | -112.46816
17 La Valle Strada 42.88258 | -112.41396
18 Hospital Grounds 42.86997 | -112.42102
19 Bonneville Park 42.87321 | -112.42759
20 Holt S 42.86818 | -112.42856
21 Holt N 42.87238 | -112.42939
22 Carter St. 42.86277 | -112.43662
23 5th St. 42.86035| -112.43598
24 ISU Quad 42.86071 | -112.43454
25 Cusick Ck. 42.84022 | -112.44983
26 Prison 42.84346 | -112.44755
27 W Clark 42.85343 | -112.46347
28 Cove Rd. 42.85469 | -112.46666
29 Fremont Park 42.86083 | -112.46558
30 Gwen Dr. 42.86244 | -112.46995
31 Westello 42.86288 | -112.47702
32 Oakland LDS 42.87235 | -112.47272
33 Raymond Park 42.86772 | -112.46575
34 Red Hill 42.85779 | -112.42163
35 Bartz Field 42.85955 | -112.42536
36 American Rd. 42.86540 | -112.40942
37 not acquired n/a n/a

38 Nighthawk Way 42.84901 | -112.39918
39 Restlawn Dr. 42.84770 | -112.41637
40 Cemetery 42.84979 | -112.42294
41 Ross Park E 42.84721 | -112.42372
42 Taysom-Rotary Park 42.84995 | -112.43750




Table 1. Seismic Survey Locations. Coordinates
represent the midpoint of each 92-meter long
seismic line. Note that lines 37 and 45 were not

obtained.
Seismic Line Midpoint
Line ID | Seismic Survey Site LAT LONG

43 Rainey Park 42.85470 | -112.44540
44 Juniper Hills Golfl 42.81080 | -112.39151
45 not acquired n/a n/a

46 Constitution Park 42.83678 | -112.40608
47 Ross Park W 42.84139 | -112.42367
48 Edson Fitcher 42.82178 | -112.40711
49 Mountain Shadow Ln | 42.81300 | -112.41356
50 Johnny Creek 42.83256 | -112.42732
51 Fowler-Egger 42.82919 | -112.43172
52 Sunny Side 42.83766 | -112.41927
53 Juniper Hills Golf2 42.81323 | -112.39172
54 Cochise 42.82747 | -112.41298




Table 2. NEHRP Modified Site
Classification criteria based on
shear wave velocity (Wills et al.,
2000; FEMA, 1994; IBC, 2009).

NEHRP Class | VS30 Range
(m/sec)
E <180
D1 180 - 240
D D2 240 - 300
D3 300 - 360
Cl 360 - 490
C C2 490 - 620
C3 620 - 760
B > 760




Table 3. Combined Surficial Geologic Unit Explanation. Detailed map units similar in

age, depositional process, and characteristic Vs were combined to form simplified Vs-
lithologic Lumped Units.

el Qal | op | om | Qe | @ | Q@ [ Tu | pr
pT, Cg,
Detailed Qc Q"gffgw’ Tsuc, |Czc, Zm,
- | Qal, Qa | Qfp, Qf [Qm, Qbg| =% | QL Qb | 9 | Tsuris, | Zi, Zeu,
Map Unit Qcb, Ql/b Qfgo,
Qfgw, Off Tsupl [ Zbc, Zp

(undiff.)




Table 4. Surface Area and Human Development of Surficial Geologic Units. These values were used to
develop project goals for how many seismic surveys per geologic unit were targeted.

it O
. . Total Unit Area | Total Unit Area Unit % of Qualitative human
Map Unit Lithology Pocatello .
(m2) (ft2) area development % per unit
Michaud Ck.
Qom gravel 13,534,548 145,610,081 23.07 100
(Bonneville
gravel)
older fan Gravel
Qfp  |of lower Portneuf 12,870,230 138,463,082 21.94 100
River
loess-mantled
Qfg alluvial fan 19,322,721 207,881,562 32.94 30
gravel
young alluvium
Qal of Portneuf R. 3,437,727 36,984,442 5.86 100
and Pocatello Ck
Ql Loess 5,047,862 54,306,919 8.61 5
Qc colluvium 2,658,714 28,603,509 4.53 20
Qls landslide 1,786,699 19,222,023 3.05 65
Totals 58,658,501 631,071,617 100




Table 5. Number of proposed vs. evaluated seismic lines per Surficial

Unit
No. of N L Number
L No. of seismic | No. of seismic lines
Map |[seismic lines |,. ) of actual
! . lines weighted by proposed (by i
Unit | proportional lines per
development % development%) * .
to Area unit
Qm 14 23 19 10
Qfp 13 22 18 13
Qfg 20 10 10 13
Qal 4 6 4 9
Ql 5 0 3 3
Qc 3 1 3 2
Qls 2 2 3 2
Totals 60 64 60 52




Table 6. Line-specific Depth-Averaged Shear Wave Velocity Data. Vs data are
presented a 5-meter (Vs5), 10-meter (Vs10), 20-meter (Vs20), and 30-meter (Vs30)
depth-averaged values calculated at 0.5 meter vertical resolution. Line ID
corresponds to the seismic survey locations displayed in Figures 1 and 2 and all

maps. The Site Name provides the geographic reference, typically parks and open
spaces in Pocatello city limits. Geologic Unit Labels correspond to the maps
provided in Appendix E. The GeoAge column provides the depositional age for the
various surficial units.

Lumped Geologic

LINE ID Site Name Unit Label Geologic Age Vs5 | Vs10 | Vs20 | Vs30
1 Caldwell Park Qfp Holocene 180.8 | 209.0 | 267.8 | 288.4
2 Optimist Park Qm late Pleistocene | 173.6 | 209.4 | 284.6 | 327.1
3 Ammon Park Qc Pleistocene 214.3 | 274.6 | 439.2 | 542.3
4 Alameda Park Qfp Holocene 206.1 | 240.3 | 282.9 | 336.1
5 Scardino Park Qfg Pleistocene 170.4 | 209.0 | 267.0 | 316.4
6 Satterfield Dr. Qfg Pleistocene 210.0 | 228.4 | 283.5 | 309.4
7 Sister City Park Qfg Pleistocene 362.5 | 406.0 | 456.6 | 489.8
8 Outback line Qal Holocene-active | 198.2 | 241.4 | 306.9 | 356.7
9 Roosevelt Qfp Holocene 179.7 | 215.6 | 241.0 | 285.1
10 NOP Park 2 Qfp Holocene 191.5| 228.7 | 283.3 | 317.9
11 NOP Park 1 Qm late Pleistocene | 266.5 | 303.6 | 346.0 | 382.9
12 Hawthorne Park Qm late Pleistocene | 285.2 | 346.3 | 374.9 | 410.6
13 OK Ward Park N Qm late Pleistocene | 221.2 | 267.5 | 316.8 | 343.0
14 OK Ward Park S Qm late Pleistocene | 237.8 | 284.5 | 326.8 | 365.8
15 Philbin Rd. Qm late Pleistocene | 221.6 | 262.0 | 298.0 | 369.0
16 Greenway Qfp Holocene 234.1| 263.0 | 322.1 | 368.1
17 La Valle Strada Qc Pleistocene 207.1| 248.1 | 299.1 | 317.8
18 Hospital Grounds Qfg Pleistocene 270.2 | 267.7 | 334.4 | 373.8
19 Bonneville Park Qm late Pleistocene | 202.5 | 228.3 | 288.6 | 321.8
20 Holt S Qm late Pleistocene | 176.9 | 213.8 | 276.9 | 303.2
21 Holt N Qm late Pleistocene | 174.1 | 204.7 | 257.7 | 303.1
22 Carter St. Qfp Holocene 1749 | 202.7 | 233.4 | 272.0
23 5th St. Qfp Holocene 196.0 | 224.2 | 271.7 | 313.8
24 ISU Quad Qfp Holocene 175.1 | 217.3 | 256.7 | 303.8
25 Cusick Ck. Qfg Pleistocene 262.3 | 316.1 | 396.3 | 453.0
26 Prison Qfg Pleistocene 231.0 | 298.3 | 372.5 | 425.0
27 W Clark Qfg Pleistocene 225.6 | 265.4 | 322.7 | 366.7
28 Cove Rd. Qfg Pleistocene 231.3 | 231.3 | 300.4 | 320.8
29 Fremont Park Qfg Pleistocene 187.9 | 248.6 | 328.3 | 378.6
30 Gwen Dr. Qfg Pleistocene 217.2| 268.9 | 327.2 | 353.4
31 Westello Qfg Pleistocene 213.7 | 250.0 | 323.2 | 376.2
32 Oakland LDS Qfp Holocene 356.0 | 407.8 | 480.3 | 492.6
33 Raymond Park Qal Holocene-active | 297.6 | 372.2 | 489.0 | 508.6
34 Red Hill Ql late Pleistocene | 258.3 | 320.4 | 364.9 | 361.4
35 Bartz Field Ql late Pleistocene | 876.4 | 841.9 | 885.1 | 989.8
36 American Rd. Qfg Pleistocene 243.5] 292.1 | 359.4 | 385.9
37 not acquired n/a n/a n/a n/a n/a n/a
38 Nighthawk Way Ql late Pleistocene | 481.7 | 698.2 | 727.5 | 850.4
39 Restlawn Dr. Qfp Holocene 179.5| 214.3 | 236.2 | 267.9
40 Cemetery Qfp Holocene 178.8 | 210.1 | 242.8 | 269.2
41 Ross Park E Qm late Pleistocene | 250.8 | 317.6 | 409.5 | 479.5
42 Taysom-Rotary Park Qal Holocene-active | 179.8 | 217.0 | 270.6 | 320.8
43 Rainey Park Qal Holocene-active | 206.9 | 268.4 | 368.9 | 425.6
44 Juniper Hills Golfl Qfp Holocene 290.7 | 319.7 | 314.4 | 347.8




Table 6. Line-specific Depth-Averaged Shear Wave Velocity Data. Vs data are

presented a 5-meter (Vs5), 10-meter (Vs10), 20-meter (Vs20), and 30-meter (Vs30)
depth-averaged values calculated at 0.5 meter vertical resolution. Line ID
corresponds to the seismic survey locations displayed in Figures 1 and 2 and all

maps. The Site Name provides the geographic reference, typically parks and open
spaces in Pocatello city limits. Geologic Unit Labels correspond to the maps
provided in Appendix E. The GeoAge column provides the depositional age for the
various surficial units.

Lumped Geologic

LINE ID Site Name Unit Label Geologic Age Vs5 | Vs10 | Vs20 | Vs30
45 not acquired n/a n/a n/a n/a n/a n/a
46 Constitution Park Qfp Holocene 163.5 | 189.4 | 235.0 | 257.2
47 Ross Park W Qal Holocene-active | 235.7 | 271.8 | 302.0 | 346.8
48 Edson Fitcher Qal Holocene-active | 212.1 | 239.4 | 309.4 | 330.3
49 Mountain Shadow Ln Qfg Pleistocene 2159 | 248.2 | 302.8 | 342.2
50 Johnny Creek Qls Holocene 253.7 | 323.4 | 375.2 | 422.1
51 Fowler-Egger Qls Holocene 348.2 | 364.2 | 364.6 | 399.1
52 Sunny Side Qal Holocene-active | 215.1 | 259.1 | 295.5 | 329.3
53 Juniper Hills Golf2 Qal Holocene-active | 152.2 | 188.0 | 235.2 | 272.2
54 Cochise Qal Holocene-active | 174.4 | 209.4 | 245.1 | 270.5




Table 7. Vs-Lithologic Classification Summary for Combined Units

Vs Unit

Surface
Map

Underlying
Unit

Vs Depth (m/sec)

Vs5

Vs10

Vs20

Vs30

Qal

Qal

Qa

Qm/Qfg

205

247

306

345

Qfp

Qfp

of

Qm

312

276

236

203

Qm

Qm

Qbg

Tsu

357

315

260

218

Qc

Qcg

Ql/b

Qcb

Tu

211

261

362

415

Ql

Ql/b

Ql

pT

673

617

573

478

Qfg

Ql/Qfgw

Qfg

Qfgo

Qfgw

Qfl

pT-Tu

373

333

268

230

Tu

Tsuc

Tsupl

pT

Not evaluated

Not evaluated

Not evaluated

Not evaluated

pT

pT

Cg

CZc

m
Zi

Zp-"?

Zcu

Zbc

Zp
(undiff.)

Not evaluated

Not evaluated

Not evaluated

Not evaluated




Table 8. Age-Texture-Environment (ATE) Descriptions for Surficial Geologic Units
in Pocatello *O'Connor (1993)

Unit Age Description Score
Qal 11-0 ka (H) I;;))I/())cene (end of last glacial period to present

Qfp 11-? (H) Holocene (after last glacial period) 4
Qls <11 ka (H) Holocene (after last glacial period) 4
Qm 17.4 ka (yP) Late Pleistocene (after deglaciation) 3
oc 28 ka - < 11 ka (yP) Late_ P!elstocene to Holocene (during and after 3

glaciation)
Ql 15.2 - 28 ka* (yP) |Late Pleistocene (during and after glaciation) 3
Qfg 2.6Ma - 11 ka (P) |Pleistocene 1
Qp/Tulp

T 717 Ma - 0.6 Ma [Quaternary basalt flow and older bedrock 0
Unit Texture Description Score
Qal c Stratified and interfingering deposits of sand 3

and gravel mantled by silty reworked loess.

Muddy sand and gravel and beds of silty
Qfp C reworked loess. Gravel clasts range in size 3
from pebbles to boulders.

Soil, rock, blocks, and unsorted, unstratified

Qls c . 3
colluvium.
Qm c Bouldery gravel and sand 3
loess that mantles, interfingers with, or is mixed
Qc c . . 3
with rocky colluvium
Ql f Wind-blown, locally reworked calcareous loess 2
Crudely stratified muddy sand and pebble-to-
Qfg C 3
boulder gravel
Qp’l u/p b bedrock 0
Unit Environment Description Score
Qal Alluvial (af) Main stream, meandering 4
Qfp Alluvial (af) Young alluvial fan 4
Qls Landslide (Is) Unsorted sedimentary rocky debris 1
Qm Alluvial (af) Alluvial fan, glacial outwash 3
Qc Gravity/Eolian (g/e) |Unsorted sedimentary rocky debris with loess 1
Ql Eolian (e) Loess 2
Qfg Alluvial (af) Alluvial fan, nonglacial source 4
Qp/Tulp Vol/Sed-Met (b) Quaternary basalt, Tertiary Rhyolite, and 0

Neoproterozoic bedrock




Table 9. ATE Results for surficial units in Pocatello

Unit |Age|Texture [Environment| A | T | E |Total| Class
Qal H c af 5134 12 High
Qfp C af 4131|4 11 High
Qls H c Is 4 (31|11 8 Medium
Qm yP c af 31313 9 High
Qc yP c gle 31311 7 Medium
Ql yP f e 3122 7 Medium
Qfg P c af 11314 8 Medium
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Geology modified from: Link and Stanford, 1999; Othberg, 1999; and Rodgers and Othberg, 2002.
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