
 

 

 
 

 
 

 
 
 

APPENDIX A 
 

Government Provided Subsurface Data & Test Reports 
 
The enclosed subsurface information is considered for information only and is not guaranteed 
to  fully  or  accurately  represent  all  existing  conditions.    The  Government  shall  not  be 
responsible  for  any  interpretation  or  conclusion  drawn  by  the  Contractor  from  the  data  or 
information provided.  
 
Any  report accompanying  the  subsurface  information  is provided only  to better  convey data 
(boring logs, testing, etc.) or to document observed site conditions. The assumptions, analysis, 
and  recommendations of any accompanying  report were developed  for preliminary planning 
purposes only and may not reflect present project requirements. Minor variations in subsurface 
conditions between borings and reported groundwater conditions should be expected. 
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DESCRIPTION: 

Test Pit - 1 

Looking North 

Test Pit Depth = ~8 ft 

Notes:

Fill material with construction 
debris to ~6.5 ft. 
1.5 inch thick layer of cinders at 
~1.4 ft. 
8 inch thick layer of cinders at ~2.1 
to 2.8 ft. 

DESCRIPTION: 

Test Pit - 1 

Looking West

Test Pit Depth = ~8 ft 

Notes:

Seepage at ~3.5 ft. 
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DESCRIPTION: 

Test Pit - 2 

Looking East 

Test Pit Depth = ~8.5 ft 

Notes:

Fill/alluvial break at ~4 ft. 

DESCRIPTION: 

Test Pit - 2 

Test Pit Depth = ~8.5 ft 

Notes:

Chunk of concrete at ~1.8 ft. 
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DESCRIPTION: 

Test Pit - 2 

Spoils

Test Pit Depth = ~8.5 ft 

Notes:

Residual material from ~7.5-8.5 ft.  

DESCRIPTION: 

Test Pit - 3 

Looking East 

Test Pit Depth = ~10 ft 

Notes:

Bottom of fill at ~8 ft. 
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DESCRIPTION: 

Test Pit - 3 

Spoils

Test Pit Depth = ~10 ft 

Notes:

Spoils from ~4 ft containing wood  

DESCRIPTION: 

Test Pit - 4 

Looking Southwest 

Test Pit Depth = ~7 ft 

Notes:

Bottom of fill at ~2 ft. 
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DESCRIPTION: 

Test Pit - 4 

Looking Northwest 

Test Pit Depth = ~7 ft 

Notes:

Alluvial soils from ~2 to 6 ft. 

DESCRIPTION: 

Test Pit - 4 

Spoils

Test Pit Depth = ~7 ft 

Notes:

Alluvial material from ~2-3 ft. 
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DESCRIPTION: 

Test Pit - 5 

Looking South 

Test Pit Depth = ~4.5 ft 

Notes:

Fill material containing 
construction debris to ~ 2 ft.

DESCRIPTION: 

Test Pit - 5 

Looking North 

Test Pit Depth = ~4.5 ft 

Notes:

Alluvial layer from ~2-4 ft. 
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DESCRIPTION: 

Test Pit - 5 

Spoils

Test Pit Depth = ~4.5 ft 

Notes:

Spoils from excavation to 2 ft. 

DESCRIPTION: 

Test Pit - 6 

Looking Southeast 

Test Pit Depth = ~3 ft 

Notes:

Fill material containing coal, 
concrete, and brick fragments. 



© Schnabel Engineering 2013 All Rights Reserved

DESCRIPTION: 

Test Pit - 7 

Looking East 

Test Pit Depth = ~3 ft 

Notes:

Bottom of fill at ~2.5 ft. 

DESCRIPTION: 

Test Pit - 8 

Looking North 

Test Pit Depth = ~4 ft 

Notes:

Fill material containing brick 
fragments. 12 inch wide concrete 
structure across bottom of test pit. 
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DESCRIPTION: 

Test Pit - 8 

Debris

Test Pit Depth = ~4 ft 

Notes:

Steel pipe from ~2 ft depth. 

DESCRIPTION: 

Test Pit - 8 

Bottom of Pit 

Test Pit Depth = ~4 ft 

Notes:

12 inch wide concrete structure 
across bottom of test pit. 
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July 15, 2014 
 
 
Mr. Richard Flickinger 
STV Incorporated 
205 West Welsh Drive 
Douglassville, PA 19518  

Subject: Geophysical Study Report, Naval Facilities Engineering Command (NAVFAC) 
Defense Logistics Agency (DLA), Troop Support Headquarters Facility, Navy 
Support Activity (NSA), Philadelphia, Pennsylvania (Schnabel Reference 13615018)  

Dear Mr. Flickinger:  

SCHNABEL ENGINEERING CONSULTANTS, INC. (Schnabel) is pleased to submit our geophysical 
study report for this project.  This document includes tables, figures, and appendices with relevant data 
collected for this study.  This study was performed in accordance with our agreement dated August 27, 
2013.  This document is a companion report to the Geotechnical Report prepared by Schnabel dated 
October 29, 2013.  Our proposal dated July 17, 2013, defines the scope of services for this project. 

EXECUTIVE SUMMARY  

This report presents the results of geophysical subsurface exploration and analysis for the proposed 
headquarters structure site.  Based on our investigation and the project data furnished to us, we have 
developed the following summary of our major conclusions.  Details are presented in the body of the 
report.  

The EM results show many utilities, areas with reinforced concrete, and remnants of the former railroad 
track bed.  We did not observe other regions of the subsurface with large amounts of metallic debris fill 
within the areas we investigated with EM, nor did we observe storage tanks.  

In the GPR data, we observed areas with reinforced concrete beneath the asphalt, an area of the parking 
lot with un-reinforced concrete underlying the asphalt, and an area with a linear feature, possibly a former 
concrete foundation.  We observed an anomaly in line with the former railroad tracks that may indicate 
denser fill with some metallic debris. 
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The MASW profiles indicate a deep weathering profile within the bedrock and regions of softer/looser 
zones within more stiff rock, and a greater depth to bedrock on the south side of Line 1, which 
corresponds well with the results of B-2 where disintegrated rock material was not encountered to the 
depth investigated.  The MASW results indicate there is greater variability in the subsurface than is 
indicated by the test borings. 

The MASW for IBC site class investigation and analysis indicates the site is classified as a Seismic Site 
Class C. 

We are providing this executive summary solely for purposes of overview.  Any party that relies on this 
report must read the full report.  This executive summary omits several details, any one of which could be 
very important to the proper application of the report. 

PROJECT DESCRIPTION 

The site is about five acres in size, and consists of a grassy area and existing parking lots located 
adjacent to Buildings 2, 3, 4, 12, and 36 on the NAVFAC NSA Philadelphia campus.  A Site Vicinity Map 
is included as Figure 1.  Approximately two acres of the site are grass covered, and include several trees, 
a single slab-on-grade residence structure, and associated sidewalks.  Two large parking lots are located 
in the northwest and northeast of the site, with active parking areas and roads along the southwestern 
and southeastern borders of the site.  Grades across the site are generally flat, though slope to the south, 
with elevations ranging from about EL 110 to 106. 

Schnabel obtained the site information from a schematic utility site plan marked up by NAVFAC, a work-
in-progress topographic survey site plan provided by STV Incorporated (STV), and through our site visits.   

Proposed Construction 

The overall project includes the design of a 108,000 gross square foot headquarters building and 
demolition of existing Building 36 following completion of the new facility.  The proposed headquarters 
building is anticipated to range from a two- to five-story structure that may include a basement.  If a 
basement is not included, the finish ground floor elevation is anticipated to be within two feet (±) of 
existing site grades.  If a basement is included, the lowest finished floor elevation is anticipated to be 
approximately eight to ten feet below existing site grades.  Further description of the proposed 
construction is included in our Geotechnical Report. 

Project details above were provided by the Scope of Work and through discussions with Ms. Cindy 
Manning and Mr. Richard Flickinger of STV.  At the time of this report, no building plans or foundation 
plans were available to us.   

HISTORICAL DOCUMENT REVIEW 

A review of readily available historical records was conducted for the project site to identify past site 
usage and other pertinent information, which could impact site development.  The complete set of 
findings is discussed in our Geotechnical Report.  Copies of relevant historical records are presented in 
our Geotechnical Report. 
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In summary, the historical information provides very little data about the site prior to 1942, at which time 
the current facility was under construction.  One former site use indicates a set of railroad tracks cutting 
across the site to the north, and our findings below indicate remnants of the track bed in the former track 
area. 

One notable finding from the historical review is that a map of the distribution of fill in the Philadelphia 
area indicates there may have been a streambed that is now buried but that extended apparently east-
west along the southern corner of the site.  The scale of the map is small; therefore, the resolution is low, 
and the actual location of the former stream is approximate.  We overlaid the map directly on the site 
plan, as shown on Figure 2, Boring & Test Pit Location Plan, in order to observe the possible location.  
The former streambed is located to the south of B-1 and TP-1, outside the extent of the intrusive 
investigations conducted for this project, and we did not observe signs of an infilled streambed in our 
intrusive locations.  The soil at Test Pit TP-1 contained layers of cinders and ash, and while it was 
common to fill streambed valleys in the region with this material, neither our test pits nor our geophysical 
investigation findings indicate evidence of a former streambed.  Photos of the test pits are included in the 
Geotechnical Report.  

GEOPHYSICAL EXPLORATION PROGRAM 

The objective of the geophysical investigations is to identify and document the location of underground 
anomalies associated with previous site developments (i.e., underground utilities, vaults, storage tanks, 
foundations, and uncontrolled rubble or fill).  Although it is not the specific intent of this investigation, 
utilities encountered within the search area were also identified and documented, where possible.  

The four corners of the geophysical work area and some existing subsurface utilities were marked on the 
site with paint and flags by others prior to our on-site geophysical investigations.  The geophysical work 
area is shown on Figures 3 through 9.  We collected data beyond the boundaries of the geophysical work 
area, where space allowed, to provide complete coverage across the work area boundary.  We are 
providing the full extent of the data we collected, including outside the geophysical work area boundary. 

We understand that the site utility survey was ongoing concurrently with our geophysical explorations, 
and additional utilities were identified as the overall project progressed.  We were provided with draft 
topographic and utility plans for analysis purposes: one is included on our Figures 3 through 9, and we 
will incorporate the final site plan, if available, in our final figures. 

The geophysical exploration program included four non-invasive technologies:  two electromagnetic 
investigations (frequency domain and time domain, using Geonics EM31 and EM61 instruments, 
respectively), ground-penetrating radar (GPR), and 2-D Multi-channel analysis of surface waves (MASW).  
Discussions of each technology and the data collection methods are presented in the following sections.   

Electromagnetic Survey  

We performed two electromagnetic investigations on September 7 and 8, 2013, using a Geonics Ltd. 
EM31 terrain conductivity meter and a Geonics Ltd. EM61-mk2 time-domain metal detector (EM61).  The 
specific locations where we collected both EM data sets are included in Figure 3, Geophysical 
Investigation Location Plan.  Locations where there is no data coverage indicate that surface obstructions 
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prevented access to those areas, specifically around the residence structure, large vegetation, and the 
chain-link fence areas.   

We collected differential global-positioning system (DGPS) data using a Trimble Pro-XRT system 
simultaneously with both the EM31 and the EM61 data.  Both the EM and DGPS data were recorded 
digitally using a data logger and later transferred to a computer for processing.  Lateral accuracy using 
this method is dependent on the DGPS positioning accuracy, and for this survey is about 3 ft. 

The EM31 and EM61 instruments measure properties of the subsurface while being carried and operated 
by a single operator.  As per standard operating procedure, the EM31 and EM61 were calibrated at the 
same location each day as outlined in the operating manuals, to confirm that the instruments were 
working properly, and to avoid baseline shifts in the data. 

We imported the EM data and positions into Surfer (v. 11, Golden Software, Inc. 2013) for contouring.  
The results are the plan view contour plots shown on Figures 4 through 7. 

EM31 

The EM31 data were collected while carrying the instrument at a walking pace along approximately 
parallel survey lines, spaced about 20-ft apart, and generally oriented approximately NW-SE across the 
site.  We collected data along a total of about 12,000 linear feet of survey lines.  

The EM31 instrument works by inducing an electric current into the ground, and measuring the amplitude 
of the response of the subsurface.  An alternating current is passed through a transmitter coil, creating an 
electromagnetic field that expands and collapses with the alternating current.  This changing field induces 
a current in the subsurface, which in turn creates its own secondary electromagnetic field.  The secondary 
field formed in the subsurface will be directly proportional to the conductivity of the ground.  Both the 
transmitter’s and the ground’s electromagnetic fields are detected by the receiver.   

The conductivity of the subsurface is calculated based on the magnitude of the response.  The 
conductivity measurement is also a weighted average of the bulk conductivity over the depth of influence 
of the instrument.  The depth of influence of the EM31 is about 15 to 18 ft, with a maximum response 
from a depth of about 5 ft when the instrument is used such as it was for this project.   

There are two portions of the EM response that we measure: the first (“quadrature” results) directly 
corresponds to conductivity and the other, the “in-phase” results, corresponds only to very conductive 
materials such as metal.  We provide the “in-phase” EM31 results on Figure 4, and “quadrature” results 
on Figure 5.  The in-phase results are reported as response, in parts per thousand (ppt); and the 
quadrature results are reported as conductivity measurements in units of millimhos per meter (mmhos/m), 
which is the inverse of resistivity (ohm-meters).   

Figures 4 and 5 contain several areas where the values are negative.  These indicate highly conductive 
objects, such as metal utilities, and occur because of the interaction between the quadrature and in-
phase portions of the data described above. 
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EM61 

The EM61 data were collected while moving the instrument at a walking pace along approximately 
parallel lines, spaced approximately 5-ft apart, and generally oriented approximately NW-SE across the 
site, for a total of about 47,000 linear feet of survey lines.   

The EM61 is a metal detection system that induces an electric current into the ground, measures the 
response of the subsurface in terms of millivolts (mV), and is sensitive to very conductive objects such as 
metal.  Larger objects or objects that are near the ground surface will produce larger responses than 
smaller and/or deeper objects.  Data is collected in several ways using two sensors, one above the other, 
to help provide multiple perspectives on the subsurface materials.  

We provided “channel 1” results on Figure 6, and “differential” results on Figure 7.  The channel 1 results 
represent all the metallic objects that the instrument could possibly detect, including strong responses 
from objects on or near the ground surface.  The differential results generally represent the presence of 
larger and/or deeper metallic objects.  The resolution of the EM61 is such that a metallic object the size of 
a 55-gallon drum is generally detectable at a depth of about 10 ft.  Larger responses normally represent 
larger and/or shallower objects.  Small responses represent smaller and/or deeper objects.    

EM Results 

Figures 4 and 5 show the EM31 results; Figures 6 and 7 show the EM61 results. We identified the 
anomalies by number and list them in Appendix A, Table A (EM31 Anomalies) and Table B (EM61 
Anomalies).   

Tables A and B include a note about the probable cause of the anomaly based on the EM response, our 
visual observations while on site, and correlation with site drawings provided by others.  We include a 
note about the possible cause of the anomalies for those that are not clearly identified.  We also 
investigated several anomalies and broad zones of EM differences with GPR and test pits.  

In general, most of the EM anomalies are the result of known and/or visually observed features, such as 
buried utilities or metal signs, etc.  However, several anomalies are not clearly caused from a known 
feature, and these are shown on Figure 8, EM Summary Results.  Several anomalies occur in both the 
EM31 and EM61 results, and the overlapping regions are included on Figure 8. 

Several anomalies (EM31 Anomalies 18, 53, 73) are along known utilities, but they do not have a 
constant response along the suspected utility.  We interpret these anomalies to be from the utilities, and 
that the variance in the anomaly appearance is due to the orientation of the EM31 instrument with respect 
to the utility and its distance to the utility.   

EM61 Anomalies 4/68, 14/78, 16/80, 22/85, 23/86, 38/95 indicate buried metal that is probably related to 
utilities.  These anomalies are located along known utilities, and may indicate valve covers or shallower 
metal components of the utility than are located in areas where an anomaly is not observed along the 
utility.  These anomalies may also be caused by variations in the EM61 results due to location of the 
instrument over the feature.  
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We interpret that EM31 Anomalies 4 and 14, and 36, 37, and 50 are related to the same electric line, 
though they appear as separate anomalies due to gaps in the EM31 data coverage due to vegetation.  

We interpret there is a utility vault at the locations of EM31 Anomaly 15/51 and EM61 Anomaly 25/87.  
The EM anomalies are high response, and located along the steam line and adjacent to an electric line 
junction. 

EM31 Anomaly 30/67 and EM61 Anomaly 56/110 were investigated with GPR and are adjacent to TP-5.  
The GPR results indicate that in this area there is a linear subsurface feature: possibly concrete, or 
possibly a former foundation.  Slag was also observed on the ground surface in this area, as well as in 
the subsurface in TP-5 and B-12. 

EM31 Anomaly 54 is along the former railroad track bed, and the broad EM anomaly may be related to 
small amounts of debris or slag along this area.   

Several anomalies are observed in the EM61 channel 1 results (EM61 Anomalies 17, 18, 27, 28, 29, 30, 
32, 39, 50, 51), but have a much lower response in the EM61 differential results, indicating they are likely 
the result of shallow buried metallic debris, such as the isolated metal pipe piece encountered in TP-8. 

We investigated several anomalies located to the southwest of the site near the CUP (EM31 Anomalies 
40 and 41, EM61 Anomaly 10) with GPR.  The GPR results show there is reinforced concrete beneath 
the asphalt in this area.  

We did not observe broad regions of the subsurface with large amounts of metallic debris fill within the 
areas we investigated with EM, nor did we observe underground storage tanks.   

In some instances, the manholes (and other surface features) that we detected using the EM differ 
slightly from the locations of the corresponding manholes (and other surface features) shown on the 
surveyed topographic plan provided by STV.  The possible reasons for this are: 

1) Contouring between individual geophysical (EM) survey points may produce a slight offset to 
an anomaly.  We may have interpreted the center of the object slightly to one side or the 
other depending on data coverage. 

2) The actual location of the object may be different than the location on the drawing.  
Verification should be performed to determine which location is correct.  However, the most 
recent surveying will be more accurate than the geophysical GPS locations. 

In cases where the geophysical location of a feature is offset slightly from the surveyed location, the 
surveyed location should be considered more accurate, and the geophysical location should be 
considered a “verification” that the feature is really there. 

Ground Penetrating Radar (GPR) Survey  

We performed a GPR survey on September 14, 2013, using a Geophysical Survey Systems, Inc. (GSSI), 
SIR-3000 system and a 400 MHz antenna.  The GPR data were collected along linear transects, spaced 
40-ft apart and generally oriented approximately NW-SE across the site, several SE-NW across the site, 
and several at other orientations to investigate specific EM anomalies, for a total of about 7,000 linear feet 
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of survey line.  The start and end-point locations of the GPR traverses were obtained with a DGPS 
system.  The locations are shown on Figure 3 and Figure 9, GPR Results.  GPR Results Example Profiles 
are included on Figure 10. 

The GPR transmitter in the antenna sends an electromagnetic radar wave out, and the receiver in the 
antenna detects echo responses from targets in its path.  For GPR, reflectors may include pipes, voids, 
bedrock, gravel layers, metal debris, steel reinforcing in concrete, etc.  The wave partially reflects off 
interfaces between materials with different dielectric values (electrical permittivity), and partially transmits 
through it (with the exception of metallic objects, which do not transmit the wave).  Greater differences 
between two dielectric values generate greater reflections.  The return signal amplitude is recorded with 
the time it was received after it was transmitted, and is displayed with time on the vertical scale.  

We used a specialized GPR processing program, Radan (v. 6, GSSI) for our in-office GPR data analysis.  
The time scale may be converted to estimated depth by correlating to objects of known depth, 
determining the velocity of the transmitted wave in the material empirically, or estimating material 
parameters and calculating the wave's velocity.  In order to calculate depths to features we observed in 
the GPR data, we estimated a dielectric constant, which determines the wave speed in a medium for the 
typical material expected to underlay the site (silts, sands, and some clay).  We calculated depths using a 
dielectric constant of about 8 for soil.  Some variation between the depths presented here and the actual 
depths encountered should be expected due to variations in the material's electrical properties. We 
observed good signal penetration to about 50 nS at the site, which corresponds to an estimated depth of 
penetration of about 6 ft.   

We observed features in the data individually to determine if their characteristics, including the shape and 
amplitude, are similar to those seen for cultural features.  We also consider the orientation of the traverse 
with respect to the anticipated object since a linear feature, such as a metal pipe, will show as a 
characteristic reflection when crossed perpendicularly, but will provide a less obvious reflection when 
paralleled or crossed obliquely. 

It should be noted that the GPR signal does not penetrate metallic objects such as manhole covers and 
sheet metal, and we cannot observe features directly beneath metallic objects.  Smaller metallic objects, 
such as pipes or reinforcing steel, reflect part of the GPR signal and allow the remainder of the GPR 
signal to pass around the object, penetrating deeper into the subsurface. 

GPR Survey Results 

Results from the GPR investigation are shown on Figure 9, GPR Results.  Example GPR profiles are 
included on Figure 10.  The locations of features we observed in the GPR data that might be caused by 
rubble, debris, or other subsurface features from previous site uses are included on Figure 9.   

We observed reinforced concrete beneath the asphalt at the location of EM31 Anomalies 7 and 8, and 
EM61 Anomaly 10 near the CUP plant.  These reinforced concrete areas may be related to the adjacent 
drain pit, although they are not indicated on site plans we have received. 

The former railroad tracks that were observed on the historical aerial photos and plans appear to have 
been removed, as we did not observe an EM anomaly (EM31 Anomaly 54) in these areas.  However, we 
do observe remnants of the track bed in the EM and GPR results.  The anomalies may be indicating more 
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dense or different fill in this area, and it likely contains slag, or other metallic debris.  The outlines of the 
anomalies that are likely related to the former track bed are included on Figure 9. 

Test Boring B-14 encountered concrete beneath the asphalt.  The GPR results in the parking area around 
B-14 include an anomaly that indicates the extent of the concrete.  The outline of this area is included on 
Figure 9.  We did not observe reinforcing in the concrete in the GPR nor the EM data. 

We observed several anomalies along the perimeter road along the southeast site boundary that look 
similar to the concrete underlay area; however, we do not have intrusive investigation data along this road 
to confirm this.  The anomalies along the road may also be caused by a dense subbase underlay, or 
other planar feature beneath the asphalt.  We did not observe anomalies indicating steel reinforcing in 
this area. 

We investigated EM31 Anomaly 17 and EM61 Anomaly 18 with GPR, and observed a high reflector that 
was later found to be caused by layers of cinder, ash, and clay observed in TP-1.  We observed several 
areas with high-amplitude reflections in the GPR data that we believe are caused by material variations in 
the fill.   

We did not observe large zones of loose rubble, tanks, vaults, or other unexplained subsurface features 
in the areas we investigated with GPR.   

MASW Profiling Survey  

We performed an MASW profiling survey on September 28, 2013.  The purpose of the survey was to help 
characterize near subsurface soils.  MASW data were collected along two NE-SW linear traverses 
(MASW Line 1 and MASW Line 2) for a total linear length of 630 ft.  Line 1 extended from soil Boring B-2 
to about 35 ft beyond soil Boring B-14.  Line 2 extended from soil Boring B-1 to about 15 ft beyond soil 
Boring B-7.  The MASW Line 2 was truncated from the original proposed extent due to obstructions of the 
house and heavy vegetation between B-7 and B-13.  The locations of the MASW traverses are shown on 
Figure 3, and the results are shown on Figure 11.   

We collected the MASW data using a Geometrics, Inc., Geode, 24-channel seismograph, and an array 
with twenty-four 4.5 Hz geophones.  The geophones were placed at 5-ft intervals along a linear traverse 
and collected data in a common-midpoint arrangement with the energy source offset from the end of the 
geophone line by 15 ft.  After collecting data with that arrangement at a single location, the geophones 
and source were moved forward 10 ft, and data was collected again.  We used a Propelled Energy 
Generator (PEG) source mounted on the hitch of a pick-up truck to strike a steel plate and create the 
energy source.  The seismic data were recorded digitally directly onto a laptop computer that controlled 
the seismograph. 

MASW analyses on collected seismic data were performed using a surface wave recognition and 
modeling program (SurfSeis©, Kansas Geological Survey).  The data for each source/receiver array 
location were processed, and then modeled using an inversion method to estimate the subsurface shear 
wave velocities.  The inversion models from each source/receiver array location were combined to form a 
two-dimensional cross-section model of the subsurface shear wave velocity for each MASW traverse.   
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The root mean square (RMS) error in the modeled MASW data is generally low, and there is generally 
less than about ±50 ft/s shear wave velocity variation expected in the data.  This variation does not 
change our interpretations.   

Shear waves are directly related to the elasticity, or stiffness, of the subsurface.  Elastic materials, such 
as intact bedrock (and more gneiss-like and quartzite bedrock), are stiff and transmit shear waves very 
quickly.  Less elastic materials, such as soil (and more schist/phyllite bedrock), are softer and transmit 
shear waves slowly.   

The velocity of surface waves is dependent on the material through which they pass, and the resulting 
velocity is a weighted average from the volume of material within the wavelength.  The result of this is 
some averaging of shear wave velocities beneath the line of geophones and to either side of the line.  
Therefore, although the data is depicted as two-dimensional cross-sections, there may be some effects in 
the data from either side of the line.  The resolution of the geophysical method may be such as to not 
detect potentially significant small features.   

MASW Profiling Results 

The MASW profiling results are shown as profiles on Figure 11.  The results agree well with the depth to 
bedrock encountered: generally the depth where disintegrated rock was encountered in the test borings 
corresponds with a shear wave velocity of about 900 to 1,200 ft/sec.  These velocities agree well with 
soft, partially weathered rock, and also with stiff soil.   

In general, the profiles indicate a deep weathering profile within the bedrock and regions of softer/looser 
(low velocity) zones within more stiff (higher velocity) rock.  We interpret these to be typical variations in 
the Wissahickon Formation, though the MASW results indicate there is greater variability in the 
subsurface than is indicated by the test borings.  Our test boring results indicate the rock cored in B-12 is 
gneiss, and our experience in the Wissahickon Formation is that there are often variations of sapprolite, 
gneiss, schist, and quartzite.  Each of these rock types has a different stiffness, and the MASW results 
are showing this variability. 

We also observe a greater depth to bedrock on the southern end of Line 1, which corresponds well with 
the results of B-2 where disintegrated rock material was not encountered to the depth investigated.  

Seismic Site Classification Based on Shear Wave Velocity 

Schnabel performed a shear wave velocity investigation and analysis to evaluate the Seismic Site Class.  
This testing was performed in accordance with ASCE 7 Table 20.3-1 as referenced in IBC 2012 1613.3.2.   

The objective of the seismic site classification study is to provide shear wave velocities within the 
subsurface to a depth of 100 ft below the base level of the proposed structure (to about 100-ft depth), to 
support development of a seismic site classification in accordance with the International Building Code 
(IBC).  The seismic base elevation is “the level at which the horizontal seismic ground motions are 
considered to be imparted to the structure” (2006, ASCE/SEI 7-05, Minimum Design Loads for Buildings 
and Other Structures, Structural Engineering Institute of the American Society of Civil Engineers), and is 
the depth from which the 100-ft average shear wave velocity is calculated to determine Seismic Site 
Classification.  We assumed a seismic base elevation of 100 ft for this investigation, based on the 
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structure not having a basement, and with the finished floor elevations being approximately at existing 
grade. 

We collected shear wave data at three locations, shown on Figure 3, for the specific purpose of 
evaluating shear wave velocity with depth for IBC Seismic Site Classification.  IBC-1A is located near B-5; 
IBC-2A is located near B-7; and IBC-2B is located near B-1.  Test boring results from the Geotechnical 
Investigation were used for correlation with the shear wave velocity profiles.  N-values are plotted on the 
shear wave results (Figure 12), and the test boring logs are included in the Geotechnical Report. 

We collected both active-source and passive-source data for the IBC site classification.  Active-source 
data refers to collecting vibration data that is generated using an impact mechanism on the ground 
surface of the site.  We used a 12-pound sledge-hammer on a steel plate to generate vibrations for the 
active-source data, and hammered in line with the end of the sensor array at several offsets, ranging from 
30 to 60 ft.  Active-source data is commonly more accurate at shallower depths than passive-source data, 
and allows us to create a model of the subsurface that more closely represents the actual conditions at 
shallow depths.  Passive-source data refers to collecting ambient vibration noise, including vibrations 
from vehicles along the nearby roadways and other unknown sources.  Ambient noise very often contains 
vibrations with lower frequencies and larger wave lengths than can feasibly be generated by active 
sources at the site, which can help provide data at greater depths than with an active-source alone.   

We processed the data using SurfSeis software, written by the Kansas Geological Survey, and we 
combined the active and passive-source data.  The resulting computer models are one-dimensional 
profiles of seismic shear wave velocity with depth and are divided into discrete layers, each having its 
own shear wave velocity.  

The average shear wave velocities presented in Table 1 were calculated in accordance with ASCE 7 
Table 20.3-1 as referenced in IBC 2012 1613.3.2 based on modeled results from our MASW for the 100-ft 
depth section beneath the ground surface at each of the three locations.  The results were compared with 
ASCE 7 Table 20.3-1. 

Table 1:  Table 20.3-1 

Average Shear Wave Velocity 
Range for 100-ft Depth 

Site Class 

Vs > 5,000 A 

2,500 < Vs ≤ 5,000 B 

1,200 < Vs ≤ 2,500 C 

600 ≤ Vs ≤ 1,200 D 

Vs< 600 E 

The layered model results and average shear wave velocity for each location are listed in Table 2.  In 
accordance with Table 1, the average shear wave velocity values at the site are within the designation for 
Seismic Site Class C.  The mean average velocity value at the site is 1,668 ft/sec.   
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Table 2:  MASW Shear Wave Velocity Layered Model Results 

Location IBC-L1A Location IBC-L2A Location IBC-L2B 
Depth to Bottom 

of Layer (ft) 
Velocity  

(ft/s) 
Depth to Bottom 

of Layer (ft) 
Velocity 

(ft/s) 
Depth to Bottom 

of Layer (ft) 
Velocity  

(ft/s) 
0.8 833 0.9 820 0.4 785 

1.8 841 2.0 1,010 1.0 798 

3.0 728 3.0 1,347 2.0 1,009 

5.0 640 5.0 617 3.0 889 

7.0 758 7.0 532 4.0 794 

9.0 962 10.0 736 5.0 756 

12.0 1,047 13.0 918 7.0 747 

16.0 910 18.0 957 9.0 1,046 

21.0 734 23.0 1,177 11.0 1,333 

27.0 819 30.0 1,487 15.0 1,224 

34.0 1,552 38.0 1,634 19.0 1,069 

44.0 2,035 48.0 1,863 24.0 1,554 

56.0 1,840 61.0 2,223 30.0 2,285 

70.0 1,275 78.0 2,651 38.0 2,131 

88.0 3,016 97.0 4,567 48.0 2,474 

100.0 3,016 100.0 4,567 100.0 2,474 

Average Velocity 1,429 Average Velocity 1,709 Average Velocity 1,868 

Site Class C Site Class C Site Class C 

The IBC does not provide explicit direction on how to manage multiple sets of shear wave velocity data, 
and the Geotechnical Engineer of Record, in coordination with the Structural Engineer of Record, should 
evaluate this information to use it as they deem acceptable.   

Shear wave velocity profiles obtained from the MASW testing is provided in Figure 12.  We also plotted 
the SPT “N” value from Test Borings B-1, B-5, and B-7 on the shear wave profile graph for general 
comparison, since the IBC locations were near these borings.  It should be noted that some variation in 
blow count “N” values and shear wave should be expected due to variation in scale between drilling 
techniques and MASW relative sensitivities of earth material to blow counts, discretization of the 
subsurface shear wave model (i.e., the model is divided into thin discrete layers), and differences in 
volume sampling, etc.  

Shear wave velocity measurements are generally preferred to as SPT N-values or shear strength testing 
for earthquake engineering evaluations.  This is because in situ shear wave velocity measurements more 
directly represent the actual soil response under dynamic (earthquake) loads.  N-values from SPT blow 
counts are a useful index of soil strength, but are less directly correlated to shear modulus than shear 
wave velocities.  Likewise, shear strength tests are typically evaluated on widely spaced samples, and 
may not accurately represent the variability of the in situ conditions. 
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LIMITATIONS 

While we were able to identify and verify many anomalies typical of subsurface utilities, the geophysical 
method used here is not able to detect every possible subsurface utility.  We recommend that all available 
location and depth information regarding utilities (including geophysical, topographic surveying, historic 
plans, direct connection underground utility locators, etc.) be combined and cross-verified to provide an 
overall site utility plan. 

The effectiveness of geophysical methods in subsurface investigations is dependent on many 
environmental and site factors including conductivity of the soil, cultural features, groundwater, and soil 
saturation conditions.  The effect of these factors on the geophysical results varies depending on actual 
localized site conditions.  Also, with most geophysical methods, resolution decreases with depth; 
therefore, potentially significant features, especially small or deep utilities, may not be observed in the 
data. 

We based the interpretations submitted in this report on the information revealed by our exploration.  We 
attempted to provide for normal contingencies, but the possibility remains that unexpected conditions may 
be encountered during construction.   

This report has been prepared to aid in the evaluation of this site and to assist in the design of the project.  
It is intended for use concerning this specific project.  We based our recommendations on information on 
the site and proposed construction as described in this report.  Substantial changes should be brought to 
our attention so we can make modifications to this report as needed.  

We have endeavored to complete the services identified herein in a manner consistent with that level of 
care and skill ordinarily exercised by members of the profession currently practicing in the same locality 
and under similar conditions as this project.  No other representation, express or implied, is included or 
intended, and no warranty or guarantee is included or intended in this report, or other instrument of 
service. 

We appreciate the opportunity to be of service for this project.  Please call us if you have any questions 
regarding this report.   

Sincerely,  

SCHNABEL ENGINEERING CONSULTANTS, INC. 
 
 
 
Mia A. Painter, PG 
Senior Geologist 
 
 
 
Mark H. Dunscomb, PG 
Senior Associate 
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APPENDIX A 
 

EM ANOMALIES 
 
 
 

Table A: EM31 Anomalies 
Table B: EM61 Anomalies 
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Notes, Probable Cause of Anomaly
(Utility type is based on surveyor's site plan and paint markings we observed while on site.)

1 33 x possible pedestrian crossing sign, along water line, but no other cause observed

2 34 x possible pedestrian crossing sign, along water line, but no other cause observed

3 35 x possible pedestrian crossing sign, along water line, but no other cause observed

4 36 x x underground electric, storm manhole (SMH), stop sign

5 38 x steam line and gas line

6 39 x steam line

7 40 x reinforced concrete beneath asphalt

8 41 x reinforced concrete beneath asphalt

9 x electric manhole

10 45 reinforced concrete curb/sidewalk and/or water line

11 46 x water line or electric line

12 x adjacent to water line, but no other cause observed

13 x x inlet

14 50 x x electric line, concrete with electric vault

15 51 x x large anomaly along steam line, and at electric line junction, possibly vault

16 52 x steam line

17 x surface or very shallow subsurface metallic feature or debris

18 53 x  gas line or water line

19 x x inlet

20 56 x x 2' wide concrete culvert

21 63 x water line

22 x along 24" reinforced concrete pipe (RCP)

23 x x SMH

24 59 x x electric line, concrete with electric vault, pole

25 60 x steam line

26 x reinforced concrete near residence

27 65 x electric line

28 x x electric line and near metal picnic table

29 x x concrete with electric vault, residence sign

30 67 x x x possible buried foundation wall, slag debris at surface

32 x x concrete at surface, steam line

37 x x light post and sewer line

42 x x near unknown (UNK) utility

43 x x gas line and chain link fence

47 x water line

48 x x bollards, fire hydrant

54 x x possible debris along former railroad bed

61 x along UNK utility

62 x along UNK utility

64 x x electric pole with concrete base

69 x water line

70 x water line

71 x broad high anomaly, may be soil changes or unknown utility

72 x water line

73 x possible gas line, or unknown utility
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Table B
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Notes, Probable Cause of Anomaly
(Utility type is based on surveyor's site plan and paint markings we observed while on site.)

1 65 x reinforced concrete curb/sidewalk and/or water line

2 66 x electric manhole (EMH) and/or water valve

3 67 x water manhole (WMH)

4 68 x along water line or electric line

5 69 x x underground electric, sanitary manhole (SMH), concrete curbs

6 70 x pedestrian crossing sign

7 71 x unknown (UNK) utility

8 72 x x bollard, fire hydrant, and concrete

9 73 x steam line and gas line

10 74 x reinforced concrete beneath asphalt

11 75 x x
several small anomalies, possibly due to concrete wheel stops, metallic debris/slag in gravel, possible linear subsurface 
anomaly

12 76 x gas line

13 77 x 15" corrugated metal pipe (CMP)

14 78 x x along steam line

15 79 x x along steam line

16 80 x x
shallow feature, along 60" reinforced concrete pipe (RCP), possibly due to buried manhole at RCP junction, or buried metal 
debris

17 81 x shallow feature, possibly due to metal debris

18 x possibly due to surface or very shallow subsurface metallic feature or debris

19 82 x x inlet

20 83 x x SMH

21 84 x along steam line, at loop

22 85 x along steam line

23 86 x x shallow feature, possibly due to metal debris, or paved-over manhole or valve cover, but no known utilities at this location

24 x x along curb line, along electric line

25 87 x x large anomaly along steam line, and at electric line junction, possibly vault

26 88 x x lamppost, bollards, fire hydrant

27 x shallow feature, possible metallic debris

28 x shallow feature, possible metallic debris

29 x shallow feature, possible metallic debris

30 x shallow feature, possible metallic debris

31 89 x x satellite dish

32 x shallow feature, possible metallic debris

33 90 x concrete wheel stops

34 91 x along gas and water line, possible paved-over valve cover

35 92 x WMH

36 93 x x EMH

37 94 x reinforced concrete curb/sidewalk

38 95 x x along electric line, possible paved-over valve cover

39 96 x shallow feature, possible metallic debris

40 97 x water line

41 98 x 48" RCP

42 99 x x 2' wide concrete culvert

43 100 x x concrete with steam vault

44 101 x x concrete with electric vault

45 102 x x concrete with water vault

46 103 x x water valve

47 104 x residence structure and concrete

48 105 x concrete

49 106 x x concrete with electric vault and metal picnic table

50 x x shallow feature, possible metallic debris

51 x shallow feature, possible metallic debris

52 123 x x gas valve

53 107 x x inlet

54 108 x x inlet, pole, electric

55 109 x concrete wheel stops

56 110 x x possible buried foundation wall, slag debris at surface

57 111 x x gas valve

58 112 x x WMH

59 113 x UNK

60 114 x wheel stop/planters

61 115 x x inlet

62 116 x x steam line, concrete

63 117 x appears similar in response to a valve cover, but no known utilities at this location

64 118 x x inlet

122 123 x x inlet

120 x water line

121 x water line
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