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Battelle-Darby Creek Metro Park 
Seismic Investigation 


Date of Survey: 2 and 14 September, 2009         OGS File Number: 340499000624 


Survey Type: Shallow subsurface seismic; P-wave refraction and passive remote Multichannel 
Analysis of Surface Waves (MASW). 


Survey Crew: Glenn Larsen, Doug Shrake, Mike Angle, Chuck Salmons, and Andrew Ballard. 


County: Franklin  Township: Pleasant         USGS 7½’ Quadrangle: Harrisburg 


Site Location: Battelle-Darby Creek Metro Park, Krebs and Sheets properties; 988 feet north of 
the center line of I-71 and 267 feet east of Big Darby Creek. 


Latitude: N 39° 49’ 26.20” Longitude: 83° 10’ 06.12” Reference Datum: NAD83 
Ohio State Plane, X: 1,780,777 ft.          Y: 665,016 ft.          Zone: South 
Line Direction: N 59° E 
Note: Coordinates were determined at geotechnical boring H-6.  Geophone no. 1 of the P-wave 


refraction survey was 50 feet N59°E of boring H-6 and geophone no. 1 of the passive 
remote MASW survey was 80 feet N 59°E of boring H-6. 


Site Conditions: Dry, very weedy needed to clear cut area to do surveys.  Ground was soft and 
dampened sledge hammer impacts of P-wave survey. 


Purpose: The village of Harrisburg is planning on building a water treatment plant and a waste 
water collection line that will be constructed from within the village and extend northward along 
Harrisburg-Georgesville Road to the Gay Road intersection.  The waste water line will turn east 
crossing below Big Darby Creek and extending to Lambert Road.  The plan for the waste water 
line to cross below Big Darby Creek will require Horizontal Directional Drilling (HDD) to a depth of 
30 feet through sand and gravel.  The Ohio Environmental Protection Agency (OEPA) and the 
Ohio Department of Natural Resources, Division Natural Areas and Preserves (DNAP) had 
concerns about the possibility during the HDD the drilling fluid would be forced to the surface 
through the sand and gravel from the hydraulic pressure of drilling and pollute the Big Darby 
Creek.  The OEPA and DNAP are considering recommending the HDD contractor drill deeper 
into bedrock to prevent migration of the drilling fluid to the surface.  The Ohio Department of 
Natural Resources, Division of Geological Survey was asked to determine the depth to bedrock 
and the character of sediment above on the eastside of Big Darby Creek. 


Geologic Overview: The area of investigation lies within the Till Plains Section of the Central 
Lowlands Physiographic Province (Brockman, 1998).  The seismic investigation was located on 
the east flood plain of Big Darby Creek (figure 1).  Records of geotechnical borings H-4, H-5, and 
H-6, provided by Geotechnical Consultants Inc. (figure 1), show the subsurface is comprised of 
24 to 30+ feet of poorly graded gravel with sand and silt overlying limestone bedrock. 


Seismic Investigation: The seismic investigation consisted of two methods of data acquisition. 
The methods employed were P-wave refraction and passive remote MASW.  The P-wave 
refraction data was acquired along a straight, west to east, line 460 feet in length (figure 1).  P-
wave refraction data were collected from a linear array of 24 geophones with distances of 20 feet 
between geophones.  The data was collected from seven shot gathers located along the line, two 
of the shot gathers were acquired 50 feet off each end of the line.  The other five gathers were 
taken along the line.  The seismic data were stacked 3 to 6 times at each shot gather to increase 
the signal-to-noise ratio to overcome any background noise affecting the survey.







Seismic energy for the P- wave refraction shot gathers were generated by a 20-pound 
sledgehammer striking a hardened aluminum plate.  The P-waves were detected by geophones 
that were sensitive to vertical ground motion, and had a natural frequency of 14 Hz. 
 
The digitally recorded data were stored in the SEG-2 format (Subcommittee of the SEG 
Engineering and Groundwater Geophysics Committee, 1990).  Relative elevation for each 
geophone was determined using a stadia rod and handlevel.  The reference datum for the 
elevation data was set at geotechnical boring H-6.  Location coordinates for the seismic survey 
were obtained with a Garmin eMap handheld GPS unit. 
 
The passive remote MASW survey was laid out in an L-shape array of 24 geophones (figure 2).  
Distance between geophones was about 8 feet.  Seismic energy for the passive MASW shot 
gathers were generated by a combination of truck mounted 100-pound accelerated weight drop 
system.  Multiple shot gathers were acquired at random locations 100 feet or more east and 
south of the array.  Each shot gather was created by 6 to 7 impacts over a 32 second period.  
The digitally recorded data were stored in the SEG-2 format. 
 
Data Analysis and Results: The velocity profile of P-wave seismic refraction data was 
constructed from tomographic inversion analysis using Geometrics SeisImager software.  Depth 
to bedrock ranges from 36 feet on the west end of the profile to 15 feet on the east end.  Depth to 
the groundwater table ranges from 4 to 9 feet.  The lithology of the material overlying the 
limestone bedrock is silty sand and gravel (figure 3 and 4). 
 
The passive remote MASW data was processed using Kansas Geological Survey’s SurfSeis 
software.  The resulting dispersion curve from the data is shown in figure 5.  The lowest 
analyzable frequency in this dispersion curve is around 22 Hz and highest frequency is 39 Hz.  
The dispersion curve has very high signal to noise ratio of 1.0.  The one dimensional shear wave 
velocity profile, in figure 6, was calculated from the dispersion curve using an iterative inversion 
process. 
 
The vertical S-wave profile shows changes in velocities about the same depths as the change in 
N-values of borehole H-6.  The S-wave profile calculated a depth to bedrock at about 29 ft.  About 
the same depth as auger refusal reported in borehole H-6 
 
It would appear that if the HDD was done at a depth of 40 ft, the boring pathway should remain 
within the bedrock across the entire profile.  If the HDD is done much shallower, it may travel in 
and out of bedrock or potentially encounter cobble zones at the interface of the bedrock and 
overlying sand and gravel. 
 
Site Class Assessment and Spectral Accelerations: This site fits the Site Class C definition, 
as defined by the Building Seismic Safety Council, (2004).  The site class is based upon the 
average shear-wave velocity of the upper 100 feet of the soil profile measured from the passive 
remote MASW data. 
 


Seismic Design Parameters 
 


Site Classification and Parameter Value 
2,263 ft/s Average Shear Wave Velocity (from MASW 


data) 690 m/s 
Site Classification C 
Amplification Rating Low 
0.2 sec. Spectral Response Acceleration, Ss 0.153 
1.0 sec. Spectral Response Acceleration, S1 0.061 
Site Coefficient, Fa 1.20 







Site Coefficient, Fv 1.7 
Maximum Considered Earthquake Spectral 
Response Acceleration (0.2 sec), SMS 0.183 


Maximum Considered Earthquake Spectral 
Response Acceleration (1 sec.), SM1 


0.104 


5% Damped Design Spectral Response 
Acceleration (0.2 sec.), SDS 0.122 


5% Damped Design Spectral Response 
Acceleration (1 sec.), SD1 


0.069 


 
Ground motion parameters were calculated using the USGS Earthquake Ground 
Motion Parameter Calculator - Version 5.0.9 
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Figure 1.  Location of the P-wave refraction and passive remote MASW 
investigation conducted on the Battelle-Darby Creek Metro Park property.  
Also, shown are several geotechnical borings drilled for Geotechnical 
Consultants, Inc. that were used for geologic control. 
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Figure 2. The illustration above shows the receiver array used for passive 
remote MASW data acquisition in relation to geotechnical boring H-6  Mid-
station 1001 is located at the center point of the array and is the location of the 
S-wave vertical profile. Yellow dots are geophone locations. 


 
 
 







 
 


Figure 3. Travel time versus distance plot from the seven shot gathers of the P-wave survey. 
 
 







 
 


Figure 4. The velocity profile of P-wave seismic refraction data, above, was constructed from tomographic inversion analysis using Geometrics 
SeisImager software.  Depth to bedrock ranges from 36 feet on the west end of the profile to 15 feet on the east end.  Depth to the 
groundwater table ranges from 4 to 9 feet.  The lithology descriptions illustrated on the right was interpreted from geotechnical borings drilled 
on and near the site of investigation. 







 
 


Figure 5. Over tone image and extracted dispersion curve obtained from passive remote MASW. 







 
 


Figure 6. Comparison of the lithologies and N-Values (blow counts) from geotechnical boring 
H-6 to the 1-D vertical shear wave velocity profile obtained from the passive remote MASW 
data.  The shear wave velocity profile was constructed using Kansas Geological Survey 
SurfSeis software.  The shear wave velocities were calculated with an assumed Poisson’s 
Ratio = 0.4 and a soil density of 2.0 g/cm3. 


 
 


 







5.00 ft. -1.00 Ref. Elev: 783


Inches Dec. Ft.
5.00 0.00 1.0
6.00 -1.00 0.0
4.80 0.20 0.2
4.70 0.30 0.5
4.80 0.20 0.7
4.60 0.40 1.1
5.00 0.00 1.1
5.10 -0.10 1.0
5.00 0.00 1.0
5.10 -0.10 0.9
4.50 0.50 1.4
4.80 0.20 1.6
4.40 0.60 2.2
4.30 0.70 2.9
4.70 0.30 3.2
4.70 0.30 3.5
4.10 0.90 4.4
4.70 0.30 4.7
4.80 0.20 4.9
4.70 0.30 5.2
4.90 0.10 5.3
4.90 0.10 5.4
5.20 -0.20 5.2
5.30 -0.30 4.9
5.00 0.00 4.9


1, 2, 3,... = geophone no.


Δ R.H. = Inst. Height - Rod Height (R.H.)
Vertical measurements in U.S. Survey Feet


Δ H is the difference in height relative to the starting point of the survey. 
Δ Elev. is the difference in elevation relative to the lowest geophone height (Lowest ΔH). This value is used because the
modeling software requires positive elevation values. 


SP-1 @ 0.0 ft.


Elevation Data of  Geophones


ft. Topo Est.Lowest Δ H:


-0.50
-0.30
0.10
0.10
0.00
0.00


CommentsΔ Elev.Feet Δ R.H. Δ H


Inst. Height:


2 4.8 -0.80


SP-1 5.0 0.00


Station Rod Height (R.H.)


1


3 4.7
4 4.8
5 4.6
6 5.0
7 5.1
8 5.0
9 5.1
10 4.5
11 4.8
12 4.4
13 4.3
14 4.7


18 4.8


15 4.7
16 4.1


24 5.0


4.921
22 5.2


0.60
1.20


23 5.3


19 4.7
20 4.9


17 4.7
3.90


3.90
3.90


4.20
4.30
4.40
4.20


6.0 -1.00 GP-1 @ 50.0 ft.


3.70


1.90
2.20
2.50
3.40


-0.10
0.40







Line No:


Location: 


20 ft. P-wave


First Geophone No: 1 X-Loc: 50.0 X-Loc:


Δ Elev. Elevation Δ Elev. Elevation


0.0 783.0
0.2 783.2
0.5 783.5
0.7 783.7
1.1 784.1
1.1 784.1
1.0 784.0
1.0 784.0
0.9 783.9
1.4 784.4
1.6 784.6
2.2 785.2
2.9 785.9
3.2 786.2
3.5 786.5
4.4 787.4
4.7 787.7
4.9 787.9
5.2 788.2
5.3 788.3
5.4 788.4
5.2 788.2
4.9 787.9
4.9 787.9


Battelle-Darby Creek Metro Park, Krebs and Sheets Properties


Date: Date: 2 September, 2009


490.0
510.0


110.0
130.0
150.0


350.0
330.0


370.0


270.0
290.0
310.0


Group Interval:


X-Location


70.0
90.0


Geophone
Number


First Geophone No:


5
6
7
8


23
24


170.0


9


15


10
11


21


19
390.0


Group Interval:


4


Geophone
Number


1
2
3


X-Location


50.0


17


12
13
14


16


22
450.0
470.0


18


20
410.0
430.0


Geophone Location Data


190.0
210.0
230.0
250.0


340499000624


Δ Elev. is the difference in elevation relative to the lowest geophone or shot point elevation.
Horizontal and vertical measurements in U.S. Survey Feet







Survey Type P-Wave Passive MASW
Recording System Geometrics Geode Geometrics Geode
Data Format SEG-2 SEG-2 converted to KGS
Acquisition 24 channel 24 channel
Source 100-pound AWD 100-pound AWD
Geophones 4.5 Hz Vertical 4.5 Hz Vertical
Geophone Array Linear L-shap
Line length 460 ft Each leg 88.5 ft.
Geophone spacing 20 ft. 8 ft.
Source Offset 2-50 ft. offend plus 5 inline Random, ~100+ ft
Sampling Interval 0.250 msec 2.000 msec
Record Length  sec 30 sec
Preamp Gains All geophones 36dB All geophones 36 dB
Filters None None


Data Acquisition Parameters







Geo. X-Loc. Δ Elev. 2 3 2 3 1 2
1 50.0 0.0 1.78 -13.97 1.8 -14.0 -1.8 15.8
2 70.0 0.2 1.30 -18.14 1.1 -18.3 -1.1 19.4
3 90.0 0.5 1.37 -24.21 0.9 -24.7 -0.9 25.6
4 110.0 0.7 1.00 -31.91 0.3 -32.6 -0.3 32.9
5 130.0 1.1 -0.34 -39.73 -1.4 -40.8 1.4 39.4
6 150.0 1.1 -1.21 -45.79 -2.3 -46.9 2.3 44.6
7 170.0 1.0 -1.94 -49.53 -2.9 -50.5 2.9 47.6
8 190.0 1.0 -3.61 -51.96 -4.6 -53.0 4.6 48.3
9 210.0 0.9 -4.86 -54.07 -5.8 -55.0 5.8 49.2


10 230.0 1.4 -5.05 -56.18 -6.5 -57.6 6.5 51.1
11 250.0 1.6 -5.59 -58.73 -7.2 -60.3 7.2 53.1
12 270.0 2.2 -6.21 -62.00 -8.4 -64.2 8.4 55.8
13 290.0 2.9 -6.03 -65.44 -8.9 -68.3 8.9 59.4
14 310.0 3.2 -6.00 -68.45 -9.2 -71.7 9.2 62.5
15 330.0 3.5 -7.28 -70.93 -10.8 -74.4 10.8 63.7
16 350.0 4.4 -8.39 -73.06 -12.8 -77.5 12.8 64.7
17 370.0 4.7 -9.13 -75.39 -13.8 -80.1 13.8 66.3
18 390.0 4.9 -9.96 -78.58 -14.9 -83.5 14.9 68.6
19 410.0 5.2 -9.97 -82.48 -15.2 -87.7 15.2 72.5
20 430.0 5.3 -9.76 -86.35 -15.1 -91.7 15.1 76.6
21 450.0 5.4 -9.72 -89.83 -15.1 -95.2 15.1 80.1
22 470.0 5.2 -8.98 -93.00 -14.2 -98.2 14.2 84.0
23 490.0 4.9 -7.91 -96.03 -12.8 -100.9 12.8 88.1
24 510.0 4.9 -7.08 -99.02 -12.0 -103.9 12.0 91.9


¹ Datum 0.00 feet  ² Below surface (geophone elevation)
Horizontal and vertical measurements in U.S. Survey Feet.
Δ Elev. is the difference in elevation relative to the lowest geophone or shot point elevation.


P-wave Velocity Model Data


Geophone Location 
and Elevation Data


Velocity Layer 
Depth (Top)¹


Velocity Layer 
Depth (Top)²


Velocity Layer 
Thickness







Thick (ft)
VS (ft/s)


1.12
2.53
4.29
6.48
9.23
12.66
16.95
22.31
29.01


100.00


100 ∑T/VS =


0.000998
0.001216


ft/s


0.044194


0.020606


0.001823
0.002610
0.002962


m/s


0.002572
0.002659
0.003655
0.005094


689.69


2262.77=


=


1122.18
1159.88
965.47
839.21


3445.05


1.76
2.19
2.75 928.49


1333.46
1613.49
1466.66


70.99


Remote Passive MASW at 230 ft.


1.12
1.41


Depth (ft) Thick (ft) VS (ft/s)


1315.38


3.43
4.29
5.36
6.70


30
∑T/VS


C=


Total Thick =


Low


Vs30=


Vs100 = ∑T/VS


100


NEHRP Site
Classification







A Hard rock > 5,000 > 1,500 Nil
B Firm to hard rock 2500 - 5,000 760 - 1,500 Very low
C Dense soil and soft rock 1200 - 2,500 360 - 760 Low
D Stiff soil 600 - 1,200 180 - 360 Moderate
E Soft soil < 600 < 180 High
F Peat or highly organic clay Very high


Monahan, P.A., Levson, V.M., Henderson, P., and Sy, A., 2000, Relative Amplification of Ground
Motion Hazard Map of Greater Victoria: British Columbia Geological Survey, Ministry of
Energy and Mines, Geoscience Map 2000-3a and 3b, Report and Expanded Legend, 25 p.


for new buildings and other structures (FEMA 450), 2003 Edition, Part 1: Provisions, 356 p.


Klohn-Crippen Consultants Ltd., 1994, Preliminary seismic microzonation assessment for British
Columbia: Prepared for Resources Inventory Committee, Earth Sciences Task Force, 109
pages. 


2003 NEHRP Soil Hazard  Classification


The 1997 National Earthquake Hazards Reduction Program (NEHRP) soil-classification to determine
the potential for shallow soils to amplify ground motion is based on an averaged shear-wave velocity
to a depth of 100 feet (Vs100), or 30 meters (Vs30). This classification is then used to calculate the
amplification factors for use in engineering design.


Shear-wave 
Velocity (ft/s)


Shear-wave 
Velocity (m/s)


Soil 
Class Soil Description


Special soils requiring site specific 
evaluation


 ∑(di / Vsi)      and Vsi = s-wave velocity of layer i.


Building Seismic Safety Council, 2004, NEHRP recommended provisions for seismic regulations


Susceptibility to 
Amplification Rating


      30 m   
 ∑(di / Vsi)     


Vs30 =


     100 ft        where di = depth of layer i,


According to NEHERP guidelines the averaged shear-wave velocity can be calculated by:


Vs100 =







Units Comments


ρ = g/cm3 where α=0.23 if Vp is in ft/s, α=0.31 if Vp is in 
m/s


(Vp/Vs)
2 - 2


2(Vp/Vs)
2 - 2


G = Pascals (Pa)
Rigidity modulus, 2nd Lamé constant, used for
estimation of settlement from static loads.
Density (ρ) is in kg/m3 and Vs is in m/s.


K = Pascals (Pa)


Incompressibility modulus, used to determine
how much a material will compress under a
given amount of external pressure. Density (ρ)
is in kg/m3, Vs and Vp are in m/s.


E = Pascals (Pa) Elasticity modulus, used to measure a
materials resistance to elastic deformation.


U.S. Army Corp. of Engineers, 1995, Geophysical exploration for engineering and environmental 
investigation: Engineer Manual  1110-1-1802.


Definitions of Elastic Properties of Soil and Rock  


Constants Expression


αVp0.25


Grant, F.S., and West, G.F., 1965, Interpretation theory in applied geophysics: McGraw-Hill, 582 p. 


Gardner, G.H.F., Gardner, L.W., and Gregory, A.R., 1974, Formation velocity and density—the
diagnostic basics for stratigraphic traps: Geophysics, v. 39, p. 770–780.


Young's Modulus


Shear Modulus


Sheriff, R.E., 1991, Encyclopedic dictionary of exploration geophysics, Third Edition: Society of


2G( 1+ σ)


The elastic properties, Poisson's ratio, shear modulus, bulk modulus, Young's modulus, and Lamé 
modulus, defines the properties of soil and rock that undergoes stress, deforms, and then recovers and 
returns to its original shape after the stress ceases.


Bulk Density


Exploration Geophysicists, 384 p.


Bulk Modulus


Vs
2ρ


ρ(Vp
2 - 4/3Vs


2)


=σ


Measures the compressibility of material
perpendicular to applied stress, or the ratio of
latitudinal to longitudinal strain. Poisson's ratio
is a dimensionless number ranging from 0.0 to
0.5. Compressible materials (e.g. Cork) will
have a ratio of 0 and incompressible materials
(e.g. rubber) will have a ratio of 5.


Poisson's Ratio







Ohio Department of Natural Resources
Division of Geological Survey


Seismic Investigations


Explanation of Contents
The reports, analyses, documents, and data in this document were compiled as part of seismic investigations 
done in the state of Ohio by the Ohio Department of Natural Resources (ODNR), Division of Geological 
Survey. The seismic investigations measured compressional-wave (P-wave) and shear-wave (S-wave) 
velocities and surface wave phase velocities to produce depth models characterizing the subsurface 
geology of the buried bedrock surface and the overlying sediments. The data collected were also used to 
determine the in situ elastic and seismic properties of soils and bedrock.


The fi le numbering scheme used for these investigations follow an API code format:


File 341419000724
34 = API state code (Ohio in this example)


141 = API county code (Ross County in this example)
9 = blank


0007 = code for survey number (survey no. 7 in this example)
24 = code for refraction and MASW surveys


History
The seismic equipment was purchased in 2001 by the ODNR Division of Geological Survey, Geologic 
Mapping Group with grant monies from Central Great Lakes Geologic Mapping Coalition (CGLGMC). This 
equipment provides a rapid and inexpensive means of determining the depth to bedrock and characterizing 
the stratigraphy of surfi cial materials in geologically complex areas. The equipment is portable, can be used 
in a wide range of situations, requires no dedicated vehicle, and can be used with minimal personnel and 
travel expense. The ODNR Division of Geological Survey started using the seismic system July 2002


Data Set Credit
The seismic data was acquired for the Statewide Surfi cial Mapping Project, funded by STATEMAP Geologic 
Mapping Program, Central Great Lakes Geologic Mapping Coalition (CGLGMC), and Ohio Seismic Network 
(OhioSeis).


Use Constraints
This product of the ODNR Division of Geological Survey is intended to provide general geologic information 
only and should not be used for any other purpose. It is not intended for resale or to replace site-specifi c 
investigations. These data were compiled by the ODNR Division of Geological Survey, which reserves the 
publication rights to this material. If these data are used in the compilation of other data sets or maps for 
distribution or publication, this source must be referenced.


The information contained herein may be updated or edited in the future. Future releases of this material, 
if altered, will display a revision date. Users should check to ensure they have the latest version and 
reference the appropriate revision date if it is being used in other works. 


Neither the Ohio Department of Natural Resources, nor any agency thereof, nor any of their employees, 
contractors, or subcontractors, make any warranty, express or implied, nor assume any legal liability or 
responsibility for the accuracy, completeness, or usefulness of this product. Any use thereof for a purpose 
other than for which said information or product was intended shall be solely at the risk of the user.
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Lambert Road, Martino Property Seismic Investigation 
 
Date: 25 June, 2008              OGS File Number: 340499000324 
Survey Type: Shear wave (S-wave) seismic refraction. 
Survey Crew: Glenn Larsen, Jeff Harrison, and Steve Riley. 
 
Site Location: 6440 Lambert Road, 1 mile north of I-71. 
 
County: Franklin      Township: Pleasant          USGS 7½’ Quadrangle: Harrisburg 
Latitude: N 39° 50’ 07.9”        Longitude: W 83° 09’ 40.0         Reference Datum: NAD83 
Ohio State Plane, X: 1,782,849 ft. Y: 669,219 ft. Zone: South 
Line Direction: N 76° E 
Note: Coordinates were determined at location of geophone no. 1, line direction measured from 
Geophone no.1. 
 
Site Conditions: Sunny, dry, 80° to 85° F, calm to gentle wind. 
 
Purpose: From September 24 to 28, 2008, the Ohio Department of Natural Resources (ODNR), 
Division of Water drilled 4 monitoring wells adjacent to Hellbranch on Terry Martino’s property 
(appendix 2). These wells were drilled for study along Hellbranch to monitor the water 
temperature gradient as a means to determine how surface water interacts with the ground water. 
The site was chosen, in part, because the bedrock topography map by Shrake and Sugar (1993) 
predicted the depth to bedrock was around 100 feet. While drilling the monitoring wells three of 
the wells encountered refusal at 26 to 27 feet. Refusal usually occurs when bedrock or something 
hard and larger than the sampler is encountered. During a literature search on this site a report 
on the ground-water resources of Franklin County by Schmidt and Goldthwait (1958) was found. 
The report contains a bedrock topography map which predicts the depth to bedrock on Martino’s 
property to be 40 to 50 feet. Comparing the maps by Schmidt and Goldthwait (1958) to the one 
by Shrake and Sugar (1993) it appears the discrepancy in depths is due to how the depth to 
bedrock data was interpreted. This seismic refraction investigation was conducted to determine 
the true depth to bedrock. 
 
Geologic Overview: The area of investigation lies within the Till Plains Section of the Central 
Lowland Physiographic Province (Brockman, 1998). The seismic investigation was located on the 
flood plain of Hellbranch, a tributary to Big Darby Creek. The subsurface geology is thin alluvium 
over Wisconsinan-age till over Silurian- or Devonian-age carbonate bedrock (Schmidt and 
Goldthwait, 1958; Angle, 1995). 
 
Seismic Refraction Survey: The seismic refraction survey was laid out along a straight, west to 
east, line 230 feet in length (figure 1). S-wave refraction data were collected from a linear array of 
24 geophones with distances of 10 feet between geophones. The data was collected from five 
shot gathers located along the line, two of the shot gathers were acquired 50 feet off each end of 
the line. The other three gathers were taken along the line. The seismic data were stacked 3 to 4 
times at each shot gather to increase the signal-to-noise ratio to overcome any background noise 
affecting the survey The digitally recorded data were stored in the SEG-2 format (Subcommittee 
of the SEG Engineering and Groundwater Geophysics Committee, 1990). The surrounding 
landscape is relatively uniform and level, no elevation survey was needed. Location coordinates 
for the seismic survey were obtained with a Garmin eMap handheld GPS unit. 
 
Seismic energy for the S-wave shot gathers were generated by striking a 70-pound steel I-beam 
style plate sideways. The plate was struck with a 12-pound sledgehammer on one side 
(perpendicular to the line) to generate S-waves with one polarity. Then the source was struck on 
the opposite side (again, perpendicular to the line) to generate S-waves with a reversed polarity. 
The S-waves were detected by geophones sensitive to horizontal ground motion, and had a 
natural frequency of 28 Hz. 







Results: Three distinct velocity layers in the subsurface were identified from the S-wave travel 
time data (figures 2). The S-wave velocity model (figure 3) identified three distinct velocity layers. 
The upper 535 ft/s velocity layer is interpreted to represent 5 to 10 feet of alluvium. The middle 
1,331 ft/s velocity layer represents 21 to 31 feet of till. The lower 4,696 ft/s represents carbonate 
bedrock. Depth to bedrock ranged from 29.5 to 38.0 feet, averaging 34.5 feet. It is very likely 
refusal encountered while drilling the monitoring well was due to shallow bedrock, and the 
bedrock topography maps of this area are in need of revision. 
 
Site Class Assessment and Spectral Accelerations: This site fits the Site Class C definition, 
as defined by the Building Seismic Safety Council, (2004).  The site class is based upon the 
average shear-wave velocity of the upper 100 feet of the soil profile measured along the seismic 
refraction line. 
 


Seismic Design Parameters 
 


Site Classification and Parameter Value 
2,047 ft/s Average Shear Wave Velocity (from refraction 


data) 624 m/s 
Site Classification C 
Amplification Rating Low 
0.2 sec. Spectral Response Acceleration, Ss 0.153 
1.0 sec. Spectral Response Acceleration, S1 0.061 
Site Coefficient, Fa 1.20 
Site Coefficient, Fv 1.70 
Maximum Considered Earthquake Spectral 
Response Acceleration (0.2 sec), SMS 0.183 


Maximum Considered Earthquake Spectral 
Response Acceleration (1 sec.), SM1 


0.104 


5% Damped Design Spectral Response 
Acceleration (0.2 sec.), SDS 0.122 


5% Damped Design Spectral Response 
Acceleration (1 sec.), SD1 


0.069 


 
Ground motion parameters were calculated using the USGS Earthquake Ground 
Motion Parameter Calculator - Version 5.0.9 
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Figure 1. Location of seismic refraction survey 3410499000324 and 
monitoring wells installed by the Ohio Department of Natural Resources, 
Division of Water on the Martino property, Franklin County, Ohio. 







 
 


Figure 2. Travel time versus distance plot from the five shot gathers of the S-wave survey. 
 
 
 
 
 
 
 
 
 


 
 


Figure 3. S-wave velocity model of the subsurface, above, shows three distinct velocity layers. 
The upper most 535 ft/s layer is interpreted as soil and alluvium. The 1,331 ft/s velocity layer 
represents till. The lower 4,696 ft/s velocity layer represents the Columbus Limestone bedrock. 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Appendix 1 
Shear wave refraction data sheets 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







10 ft. S-wave


1 X-Loc: 50.0


Δ Elev. Elevation


0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0
0.0 801.0


Horizontal and vertical measurements in U.S. Survey Feet


Δ Elev. is the difference in elevation relative to the lowest 
geophone or shot point elevation.


Geophone Location Data


Group Interval:


100.0
90.0
80.0
70.0


50.0


140.0


200.0


160.0


190.0


270.0


240.0
230.0
220.0


260.0


280.024
23


First Geophone No:


60.02


7


4
5
6


Geophone
Number


1


3


X-Location


8


180.0


12
13
14


11


170.0


150.0


130.0
120.0
110.0


210.0


250.0


19


9
10


15


21
22


16
17
18


20







Survey Type S-wave
Recording System Geometrics Geode
Survey purpose 2-D Vs Profiling
Data Format SEG-2
Acquisition 24 channel
Source 12 lb sledgehammer
Geophones 28 Hz Horizontal
Geophone Array Linear
Line length 230 ft.
Geophone spacing 10 ft.
Source Offset 2-50 ft. offend plus 3 inline
Sampling Interval 0.125 msec
Record Length 0.300 sec
Preamp Gains All geophones 36 dB
Filters None


Data Acquisition Parameters







Geo. X-Loc. Δ Elev. 2 3 2 3 1 2
1 50.0 0.0 -6.0 -36.54 -6.0 -36.5 6.0 30.6
2 60.0 0.0 -5.2 -35.99 -5.2 -36.0 5.2 30.8
3 70.0 0.0 -5.4 -34.78 -5.4 -34.8 5.4 29.4
4 80.0 0.0 -6.7 -33.24 -6.7 -33.2 6.7 26.5
5 90.0 0.0 -8.5 -31.89 -8.5 -31.9 8.5 23.4
6 100.0 0.0 -9.7 -31.13 -9.7 -31.1 9.7 21.4
7 110.0 0.0 -10.2 -31.25 -10.2 -31.3 10.2 21.1
8 120.0 0.0 -10.3 -32.29 -10.3 -32.3 10.3 21.9
9 130.0 0.0 -9.6 -33.78 -9.6 -33.8 9.6 24.2


10 140.0 0.0 -8.6 -35.14 -8.6 -35.1 8.6 26.5
11 150.0 0.0 -8.5 -36.17 -8.5 -36.2 8.5 27.6
12 160.0 0.0 -8.7 -37.05 -8.7 -37.1 8.7 28.3
13 170.0 0.0 -8.3 -37.81 -8.3 -37.8 8.3 29.5
14 180.0 0.0 -7.4 -38.01 -7.4 -38.0 7.4 30.6
15 190.0 0.0 -7.1 -37.26 -7.1 -37.3 7.1 30.1
16 200.0 0.0 -8.2 -35.76 -8.2 -35.8 8.2 27.6
17 210.0 0.0 -9.5 -34.35 -9.5 -34.4 9.5 24.8
18 220.0 0.0 -10.4 -33.96 -10.4 -34.0 10.4 23.5
19 230.0 0.0 -9.9 -34.63 -9.9 -34.6 9.9 24.8
20 240.0 0.0 -7.4 -35.38 -7.4 -35.4 7.4 28.0
21 250.0 0.0 -5.7 -35.19 -5.7 -35.2 5.7 29.4
22 260.0 0.0 -6.1 -33.87 -6.1 -33.9 6.1 27.8
23 270.0 0.0 -6.9 -31.81 -6.9 -31.8 6.9 24.9
24 280.0 0.0 -7.5 -29.51 -7.5 -29.5 7.5 22.0


Δ Elev. is the difference in elevation relative to the lowest geophone.


S-wave Velocity Model Data (Upper 100 feet)


Geophone Location 
and Elevation Data


Velocity Layer 
Depth (Top)¹


Velocity Layer 
Depth (Top)²


¹ Datum 0.00 feet  ² Below surface (geophone elevation)
Horizontal and vertical measurements in U.S. Survey Feet.


Velocity Layer 
Thickness







Velocity Strata
Layer Type Vp (ft/s) Vp (m/s) Vs (ft/s) Vs (m/s) (ft) (m)


1 Alluvium 535 163 8.5 2.6
2 Till 1,331 406 28.9 8.8
3 Limestone 4,696 1,431 62.6 19.1


(ft) (m)
0.15 6.65 149.6 45.6 1,961 598 C Low


Seismic Properties of the Subsurface
Calculated Vs100 Data at Midpoint (165 ft.)


Period of 
Soil Ts (s) Freq. (Hz) NEHRP 


Site Class
Vs100 (ft/s) Vs30 (m/s)


Ave. Thickness


Wave length 


Seismic Refraction P-wave and S-wave Velocity Model Data
P-wave Velocity S-wave Velocity


Derived Seismic Properties From S-wave Model Data


Amp. 
Rating







Geophone
Number X-Dist. (ft) Vs100 (ft/s) Vs30 (m/s) NEHRP


Site Class.
1 50 2,083 635 C
2 60 2,128 649 C
3 70 2,174 663 C
4 80 2,118 646 C
5 90 2,041 622 C
6 100 2,041 622 C
7 110 2,000 610 C
8 120 2,041 622 C
9 130 2,000 610 C
10 140 2,000 610 C
11 150 1,961 598 C
12 160 2,000 610 C
13 170 1,961 598 C
14 180 2,000 610 C
15 190 2,041 622 C
16 200 2,000 610 C
17 210 1,961 598 C
18 220 1,961 598 C
19 230 1,923 586 C
20 240 2,083 635 C
21 250 2,128 649 C
22 260 2,174 663 C
23 270 2,128 649 C
24 280 2,174 663 C


2,047
76
1,923
2,174Max. Vs100 (ft/s)


Standard Dev. (± ft/s)
Average Vs100 (ft/s)


Vs100 from S-wave Refraction Data


Min. Vs100 (ft/s)







A Hard rock > 5,000 > 1,500 Nil
B Firm to hard rock 2500 - 5,000 760 - 1,500 Very low
C Dense soil and soft rock 1200 - 2,500 360 - 760 Low
D Stiff soil 600 - 1,200 180 - 360 Moderate
E Soft soil < 600 < 180 High
F Peat or highly organic clay Very high


Monahan, P.A., Levson, V.M., Henderson, P., and Sy, A., 2000, Relative Amplification of Ground
Motion Hazard Map of Greater Victoria: British Columbia Geological Survey, Ministry of
Energy and Mines, Geoscience Map 2000-3a and 3b, Report and Expanded Legend, 25 p.


regulations for new buildings and other structures, 2003 Edition, Part 1: Provisions(FEMA
450), 338 p.


Klohn-Crippen Consultants Ltd., 1994, Preliminary seismic microzonation assessment for British
Columbia: Prepared for Resources Inventory Committee, Earth Sciences Task Force, 109
pages. 


NEHRP Soil Hazard  Classification


The 2003 National Earthquake Hazards Reduction Program (NEHRP) soil-classification to determine
the potential for shallow soils to amplify ground motion is based on an averaged shear-wave velocity to
a depth of 100 feet (Vs100), or 30 meters (Vs30). This classification is then used to calculate the
amplification factors for use in engineering design.


Shear-wave 
Velocity (ft/s)


Shear-wave 
Velocity (m/s)


Soil 
Class Soil Description


Special soils requiring site specific 
evaluation


 ∑(di / Vsi)      and Vsi = s-wave velocity of layer i.


Building Seismic Safety Council, 2004, NEHRP recommended provisions for seismic


Susceptibility to 
Amplification Rating


      30 m   
 ∑(di / Vsi)     


Vs30 =


     100 ft        where di = depth of layer i,


According to NEHERP guidelines the averaged shear-wave velocity can be calculated by:


Vs100 =







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Appendix 2 
Monitoring Well Records 























Ohio Department of Natural Resources
Division of Geological Survey


Seismic Investigations


Explanation of Contents
The reports, analyses, documents, and data in this document were compiled as part of seismic investigations 
done in the state of Ohio by the Ohio Department of Natural Resources (ODNR), Division of Geological 
Survey. The seismic investigations measured compressional-wave (P-wave) and shear-wave (S-wave) 
velocities and surface wave phase velocities to produce depth models characterizing the subsurface 
geology of the buried bedrock surface and the overlying sediments. The data collected were also used to 
determine the in situ elastic and seismic properties of soils and bedrock.


The fi le numbering scheme used for these investigations follow an API code format:


File 341419000724
34 = API state code (Ohio in this example)


141 = API county code (Ross County in this example)
9 = blank


0007 = code for survey number (survey no. 7 in this example)
24 = code for refraction and MASW surveys


History
The seismic equipment was purchased in 2001 by the ODNR Division of Geological Survey, Geologic 
Mapping Group with grant monies from Central Great Lakes Geologic Mapping Coalition (CGLGMC). This 
equipment provides a rapid and inexpensive means of determining the depth to bedrock and characterizing 
the stratigraphy of surfi cial materials in geologically complex areas. The equipment is portable, can be used 
in a wide range of situations, requires no dedicated vehicle, and can be used with minimal personnel and 
travel expense. The ODNR Division of Geological Survey started using the seismic system July 2002


Data Set Credit
The seismic data was acquired for the Statewide Surfi cial Mapping Project, funded by STATEMAP Geologic 
Mapping Program, Central Great Lakes Geologic Mapping Coalition (CGLGMC), and Ohio Seismic Network 
(OhioSeis).


Use Constraints
This product of the ODNR Division of Geological Survey is intended to provide general geologic information 
only and should not be used for any other purpose. It is not intended for resale or to replace site-specifi c 
investigations. These data were compiled by the ODNR Division of Geological Survey, which reserves the 
publication rights to this material. If these data are used in the compilation of other data sets or maps for 
distribution or publication, this source must be referenced.


The information contained herein may be updated or edited in the future. Future releases of this material, 
if altered, will display a revision date. Users should check to ensure they have the latest version and 
reference the appropriate revision date if it is being used in other works. 


Neither the Ohio Department of Natural Resources, nor any agency thereof, nor any of their employees, 
contractors, or subcontractors, make any warranty, express or implied, nor assume any legal liability or 
responsibility for the accuracy, completeness, or usefulness of this product. Any use thereof for a purpose 
other than for which said information or product was intended shall be solely at the risk of the user.
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