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Highland County Water Company Well Field No. 2 
Seismic Investigation 


 
Date: 9-10 October, 2008            OGS File Number: 340719000624 
 
Survey Type: Compressional (P) and Shear (S) wave seismic refraction, and passive remote 


Multichannel Analysis of Surface Waves (MASW). 
Survey Crew: Glenn Larsen, Greg Schumacher, and D. Mark Jones. 
 
Site Location: 3,252 feet north of SR 50 and 719 feet west of Paint Creek. 
. 
County: Highland  Township: Paint USGS 7½’ Quadrangle: Bainbridge 
Latitude: N 39° 14’ 22.7” Longitude: W 83° 20’ 54.1” Reference Datum: NAD83 
Ohio State Plane, X: 1,728,248 ft.          Y: 452,648 ft.          Zone: South 
Line Direction: S 79° E 
Note: Coordinates were determined at location of geophone no. 1, line direction measured from 


geophone no.1. 
 
Site Conditions: Sunny, clear sky, dry, upper 60’s to lower 70’s° F, calm 1-3 wind. 
 
Purpose: The geology of the tri-county region of Highland, Ross, and Pike Counties is 
characterized by numerous buried valleys and buried bedrock gorges that have been backfilled 
with sediments transported by repeated advances of continental glaciers and the melt waters 
flowing from these glaciers. Thick sequences of water-bearing sand and gravel deposits are 
commonly found in these buried valleys and buried bedrock gorges. The Ohio Department of 
Natural Resources, Division of Geological Survey in cooperation with the Highland County Water 
Company, Inc. conducted a seismic investigation of a buried gorge of Paint Creek, located ½ mile 
below the dam for Paint Creek Reservoir, to characterize the geometry of the gorge walls and 
floor, types of sediments filling the gorge. 
 
Geologic Overview: The area of investigation lies within the Till Plains Section of the Central 
Lowlands Physiographic Province (Brockman, 1998).  The seismic survey was located 137 feet 
south of the well field on alluvium and Wisconsinan-age outwash in Paint Valley, west of Paint 
Creek (Rosengreen, 1974; Williams and Kerr, 1977).  Boring records from three production wells 
show the outwash deposit is comprised of poorly sorted sand and gravel greater than 94 feet 
thick (boring records on open-file at the Ohio Department of Natural Resources, Division of 
Water).  Bedrock was not encountered when the wells were drilled.  Geologic mapping by 
Schumacher (1994) indicates the outwash sand and gravel deposit is underlain by Silurian-age 
dolomite, most likely the Peebles Dolomite.  In the tri-county region of Highland, Ross, and Pike 
Counties, the Pebbles Dolomite is characterized by thick to massive bedding and forms vertical 
walled cliffs and gorges. 
 
Seismic Investigation: The seismic investigation consisted of three methods of data acquisition. 
The methods employed were P- and S-wave refraction and passive remote MASW.  The P- and 
S-wave refraction data was acquired along a straight, west to east, line 460 feet in length.  P- and 
S-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 3-5 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 truck mounted 100-
pound accelerated weight drop (AWD).  The P-waves were detected by geophones that were 
sensitive to vertical ground motion, and had a natural frequency of 14 Hz.  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 20-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. 
 
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 the location of the first geophone.  Location coordinates for the seismic 
survey were obtained with a Garmin handheld GPS unit. 
 
The passive remote MASW was laid out in a circular array of 24 geophones.  The center point of 
the array was located at the center of the P-and S-wave arrays.  The diameter of the circular 
array was 144 feet, which approximately corresponds to the maximum depth of investigation.  
Distance between geophones was about 19 feet.  Seismic energy for the passive MASW shot 
gathers were generated by a truck mounted 100-pound AWD.  Multiple shot gathers were 
acquired at random locations 100 feet or more east of the array.  Each shot gather was created 
by 6 to 7 impacts by the AWD over a 30 second.  Digitally recorded data were stored in the SEG-
2 format 
 
Conclusions:  The P-wave data recorded refraction arrival times from two horizons, the ground 
water table and the bedrock surface.  The depth to the ground water table ranged from 2 to 11 
feet across the line, shallower to the west and deeper to the east.  The depth to the top of 
bedrock ranged from 19 feet on the west side of the line to 102 feet on the east side.  Three 
velocity layers were modeled.  The upper most 929 ft/s layer represents the soil and alluvium 
above the ground water table.  The middle 4,668 ft/s layer represents outwash sand and gravel 
below the ground water table.  The lower 13,826 ft/s layer represents dolomite bedrock. 
 
Likewise, the S-wave data also recorded refraction arrival times from two horizons, the contact 
between alluvium and outwash sand and gravel; the bedrock surface.  The depth to the alluvium-
sand and gravel contact ranged from 3 to 9 feet across the line.  The depth to the top of bedrock 
ranged from 17 feet on the west side of the line to 116 feet on the east side.  Three velocity layers 
were modeled.  The upper most 367 ft/s layer represents the soil and alluvium, the middle 1,380 
ft/s layer represents outwash sand and gravel, the lower 9,144 ft/s layer represents dolomite 
bedrock. 
 
The S-wave velocity model constructed from the passive MASW calculated the depth to bedrock 
to be 76 feet.  At the mid-station the P-wave models calculated depth to bedrock to be 65 feet, 
the S-wave model had the bedrock at 78 feet.  The average difference of depth to bedrock 
between the three models at the mid-station is 15 ±9 feet. 
 
Site Class Assessment and Spectral Accelerations: The calculated Vs100 at each geophone of 
the S-wave refraction line shows the site ranges from site classes B to D, as defined by the 
Building Seismic Safety Council, (2004).  The passive remote MASW Vs100 at the center of the 
line is 1,582 ft/s and fits a site class of C.  The MASW data was used for the site class 
assessment and spectral acceleration calculations 







 
Seismic Design Parameters 


 


Site Classification and Parameter Value 
1482 ft/s  Average Shear Wave Velocity (from MASW 


data) 452 m/s 
 Site Classification C 
 Amplification Rating Low 
 0.2 sec. Spectral Response Acceleration, Ss 0.167 
 1.0 sec. Spectral Response Acceleration, S1 0.067 
 Site Coefficient, Fa 1.20 
 Site Coefficient, Fv 1.70 
 Maximum Considered Earthquake Spectral 
 Response Acceleration (0.2 sec), SMS 0.200 


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


0.114 


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


0.134 


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


0.076 


 
Ground motion parameters were calculated using the USGS Earthquake Ground 
Motion Parameter Calculator - Version 5.0.9 
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Figure 1. Map of seismic investigation 341739000624 located south of the Highland County 
Water Company’s Well Field 2, east of Paint Creek Lake. 







 
 
Figure 2. Travel time versus distance plot from the seven shot gathers of the P-wave survey.  
Note the break in travel times between 60 and 100 ft.  This change is due to geologic structure on 
the bedrock surface. 
 
 
 
 
 
 
 
 


 
 
Figure 3. The P-wave velocity model of the subsurface, above, shows three distinct velocity 
layers. The upper most 929 ft/s layer represents the soil and alluvium, the middle 4,668 ft/s layer 
represents outwash sand and gravel, the lower 13,826 ft/s layer represents dolomite bedrock. 
Note the change in relief on the bedrock surface between 60 and 100 ft.  This change in relief 
corresponds to the break observed in the travel time data. 







 
 
Figure 4. Travel time versus distance plot from the seven shot gathers of the S-wave survey.  
Note the break in travel times between 60 and 100 ft.  This change is due to geologic structure on 
the bedrock surface. 
 
 
 
 
 
 
 
 


 
 
Figure 5. The S-wave velocity model of the subsurface, above, shows three distinct velocity 
layers. The upper most 367 ft/s layer represents the soil and alluvium, the middle 1,380 ft/s layer 
represents outwash sand and gravel, the lower 9,144 ft/s layer represents dolomite bedrock.  The 
change in relief observed on the P-wave velocity model is not as obvious in the S-wave model, 
though the change from shallow bedrock to deep bedrock occurs between 60 and 100 feet. 
 







 
 


Figure 6. The S-wave velocity model, above, was constructed 
from passive MASW data using Kansas Geological Survey 
SurfSeis software.  The passive MASW method at the mid-
station of the survey determined the depth of the depth to 
bedrock is 76 feet. 


 







APPENDIX A 
 


Acquisition and Modeling Data 
 







20 ft. P-wave 20 ft. S-wave


First Geophone No: 1 X-Loc: 0.0 1 X-Loc: 0.0


Δ Elev. Elevation Δ Elev. Elevation


5.4 5.4 5.4 5.4
4.5 4.5 4.5 4.5
3.7 3.7 3.7 3.7
3.2 3.2 3.2 3.2
3.0 3.0 3.0 3.0
3.3 3.3 3.3 3.3
3.5 3.5 3.5 3.5
3.2 3.2 3.2 3.2
3.0 3.0 3.0 3.0
2.6 2.6 2.6 2.6
2.1 2.1 2.1 2.1
1.8 1.8 1.8 1.8
1.0 1.0 1.0 1.0
1.3 1.3 1.3 1.3
1.0 1.0 1.0 1.0
0.8 0.8 0.8 0.8
0.9 0.9 0.9 0.9
0.8 0.8 0.8 0.8
0.7 0.7 0.7 0.7
0.0 0.0 0.0 0.0
0.5 0.5 0.5 0.5
1.1 1.1 1.1 1.1
2.0 2.0 2.0 2.0
2.5 2.5 2.5 2.5


Group Interval:


100.0
80.0
60.0
40.0


0.0


180.0


440.0


380.0
360.0
340.0


420.0


240.0


300.0


220.0


280.0


420.0


460.024
23440.0


460.0


340.0


400.0


First Geophone No:


20.02


7


4
5
6


120.0


22


5


Geophone
Number


1


3


X-Location


8


260.0


40.0


9


15


10
11


60.0
80.0
100.0


280.0


220.0


16


Group Interval:


4


Geophone
Number


1
2
3


X-Location


0.0
20.0


360.0
380.0


19


6
7
8


17


12
13
14


12


320.0


13
14


300.0


240.0
260.0


Geophone Location Data


200.0


140.0
160.0
180.0
200.0


160.0
140.0
120.0


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


320.0


400.0


19


23
24


21


18


20


9
10
11


22


16
17
18


20


15


21







Survey Type P-Wave S-wave Passive MASW
Recording System Geometrics Geode Geometrics Geode Geometrics Geode
Survey purpose 2-D Vp Profiling 2-D Vs Profiling 1-D Vertical Vs Profiling
Data Format SEG-2 SEG-2 SEG-2
Acquisition 24 channel 24 channel 24 Channel


Source 100 pound accelerated 
weight drop


20 lb sledgehammer, I-beam 
plate


100 pound accelerated 
weight drop


Geophones 14 Hz Vertical 28 Hz Horizontal 4.5 Hz Vertical
Geophone Array Linear Linear 144 ft Diameter Circle
Line length 460 ft 460 ft. 453 ft. Circumference
Geophone spacing 20 ft. 20 ft. 19 ft.
Source Offset 5 inline 5 inline Remote
Sampling Interval 0.250 msec 0.500 msec 2.000 msec
Record Length 0.100 sec 0.200 sec 30.000 sec
Preamp Gains All geophones 36dB All geophones 36 dB All geophones 36 dB
Delay 0.0 msec 0.0 msec 0.0 msec
Filters None None None


Data Acquisition Parameters







Geo. X-Loc. Δ Elev. 2 3 2 3 1 2
1 0.0 5.4 1.8 -14.0 -3.6 -19.4 3.6 15.8
2 20.0 4.5 1.3 -18.1 -3.2 -22.6 3.2 19.4
3 40.0 3.7 1.4 -24.2 -2.3 -27.9 2.3 25.6
4 60.0 3.2 1.0 -31.9 -2.2 -35.1 2.2 32.9
5 80.0 3.0 -0.3 -39.7 -3.3 -42.7 3.3 39.4
6 100.0 3.3 -1.2 -45.8 -4.5 -49.1 4.5 44.6
7 120.0 3.5 -1.9 -49.5 -5.4 -53.0 5.4 47.6
8 140.0 3.2 -3.6 -52.0 -6.8 -55.2 6.8 48.3
9 160.0 3.0 -4.9 -54.1 -7.9 -57.1 7.9 49.2


10 180.0 2.6 -5.1 -56.2 -7.7 -58.8 7.7 51.1
11 200.0 2.1 -5.6 -58.7 -7.7 -60.8 7.7 53.1
12 220.0 1.8 -6.2 -62.0 -8.0 -63.8 8.0 55.8
13 240.0 1.0 -6.0 -65.4 -7.0 -66.4 7.0 59.4
14 260.0 1.3 -6.0 -68.5 -7.3 -69.8 7.3 62.5
15 280.0 1.0 -7.3 -70.9 -8.3 -71.9 8.3 63.7
16 300.0 0.8 -8.4 -73.1 -9.2 -73.9 9.2 64.7
17 320.0 0.9 -9.1 -75.4 -10.0 -76.3 10.0 66.3
18 340.0 0.8 -10.0 -78.6 -10.8 -79.4 10.8 68.6
19 360.0 0.7 -10.0 -82.5 -10.7 -83.2 10.7 72.5
20 380.0 0.0 -9.8 -86.4 -9.8 -86.4 9.8 76.6
21 400.0 0.5 -9.7 -89.8 -10.2 -90.3 10.2 80.1
22 420.0 1.1 -9.0 -93.0 -10.1 -94.1 10.1 84.0
23 440.0 2.0 -7.9 -96.0 -9.9 -98.0 9.9 88.1
24 460.0 2.5 -7.1 -99.0 -9.6 -101.5 9.6 91.9


P-wave Velocity Model Data


Geophone Location 
and Elevation Data


Velocity Layer 
Depth (Top)¹


Velocity Layer 
Depth (Top)²


Velocity Layer 
Thickness


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.







Geo. X-Loc. Δ Elev. 2 3 2 3 1 2
1 0.0 5.4 0.2 -11.7 -5.2 -17.1 5.2 11.9
2 20.0 4.5 -0.8 -13.8 -5.3 -18.3 5.3 13.0
3 40.0 3.7 -1.7 -16.8 -5.4 -20.5 5.4 15.1
4 60.0 3.2 -2.9 -21.0 -6.1 -24.2 6.1 18.1
5 80.0 3.0 -3.6 -26.3 -6.6 -29.3 6.6 22.8
6 100.0 3.3 -3.3 -32.7 -6.6 -36.0 6.6 29.4
7 120.0 3.5 -2.8 -39.8 -6.3 -43.3 6.3 36.9
8 140.0 3.2 -2.1 -47.1 -5.3 -50.3 5.3 45.0
9 160.0 3.0 -1.4 -54.2 -4.4 -57.2 4.4 52.8


10 180.0 2.6 -1.2 -60.9 -3.8 -63.5 3.8 59.8
11 200.0 2.1 -1.4 -67.2 -3.5 -69.3 3.5 65.8
12 220.0 1.8 -1.9 -73.3 -3.7 -75.1 3.7 71.4
13 240.0 1.0 -2.2 -79.6 -3.2 -80.6 3.2 77.4
14 260.0 1.3 -2.3 -86.0 -3.6 -87.3 3.6 83.7
15 280.0 1.0 -2.8 -92.2 -3.8 -93.2 3.8 89.5
16 300.0 0.8 -3.3 -98.0 -4.1 -98.8 4.1 94.7
17 320.0 0.9 -4.0 -103.1 -4.9 -104.0 4.9 99.1
18 340.0 0.8 -4.9 -107.7 -5.7 -108.5 5.7 102.8
19 360.0 0.7 -5.3 -111.6 -6.0 -112.3 6.0 106.3
20 380.0 0.0 -5.5 -114.2 -5.5 -114.2 5.5 108.7
21 400.0 0.5 -5.4 -115.2 -5.9 -115.7 5.9 109.8
22 420.0 1.1 -5.4 -114.8 -6.5 -115.9 6.5 109.4
23 440.0 2.0 -6.0 -113.4 -8.0 -115.4 8.0 107.4
24 460.0 2.5 -6.6 -111.7 -9.1 -114.2 9.1 105.1


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


S-wave Velocity Model Data


Geophone Location 
and Elevation Data


Velocity Layer 
Depth (Top)¹


Velocity Layer 
Depth (Top)²


Velocity Layer 
Thickness


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







Geophone
Number X-Dist. (ft)


Vp Model 
Bedrock 
Depth (ft)


Vs Model 
Bedrock 
Depth (ft)


Difference 
Between 


Models (ft)
1 0 19.4 17.1 2.29
2 20 22.6 18.3 4.31
3 40 27.9 20.5 7.42
4 60 35.1 24.2 10.95
5 80 42.7 29.3 13.38
6 100 49.1 36.0 13.09
7 120 53.0 43.3 9.76
8 140 55.2 50.3 4.86
9 160 57.1 57.2 0.17


10 180 58.8 63.5 4.75
11 200 60.8 69.3 8.49
12 220 63.8 75.1 11.35
13 240 66.4 80.6 14.13
14 260 69.8 87.3 17.51
15 280 71.9 93.2 21.30
16 300 73.9 98.8 24.89
17 320 76.3 104.0 27.69
18 340 79.4 108.5 29.14
19 360 83.2 112.3 29.11
20 380 86.4 114.2 27.83
21 400 90.3 115.7 25.38
22 420 94.1 115.9 21.79
23 440 98.0 115.4 17.38
24 460 101.5 114.2 12.67


14.98
9.09
0.17
29.14Maximum Diff. (ft)


Difference Between Vp and Vs Refraction
Depth to Bedrock Models


Average Diff. (ft)
Standard Dev. (± ft)


Minimum Diff. (ft)







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


1 Dry SG 929 283 367 112 3.5 1.1
2 Wet SG 4,668 1,423 1,380 421 74.4 22.7
3 Dolomite 13,826 4,214 9,144 2,787 22.1 6.7


Velocity Density
Layer ρ (g/cm³)


1 2.53 1.27 0.41 0.02 0.08 0.04 0.07
2 3.38 1.90 0.45 0.34 3.40 0.98 3.18
3 1.51 2.49 0.11 19.37 18.46 43.06 5.55


(ft) (m)
0.25 3.94 311.6 95.0 1,518 463 C Low


In-Situ Elastic and Seismic Properties of the Subsurface
Calculated from Vp and Vs Data at Midpoint (230 feet)  


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


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


Vp/Vs


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


Derived In-Situ Elastic Properties


P-wave Velocity S-wave Velocity Ave. S-wave Thick.


Derived Seismic Properties From S-wave Model Data


To convert GPa to tsf multiply by 10440


Amp. 
Rating


λ (GPa)E  (GPa)σ G  (GPa) Κ  (GPa)


Wave length 







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


Site Class.
1 0 3,138 956 B
2 20 3,050 930 B
3 40 2,906 886 B
4 60 2,630 802 B
5 80 2,371 723 C
6 100 2,157 657 C
7 120 1,992 607 C
8 140 1,904 580 C
9 160 1,819 554 C
10 180 1,737 529 C
11 200 1,651 503 C
12 220 1,547 472 C
13 240 1,495 456 C
14 260 1,393 425 C
15 280 1,319 402 C
16 300 1,253 382 C
17 320 1,216 371 C
18 340 1,192 363 C
19 360 1,184 361 C
20 380 1,199 365 C
21 400 1,187 362 C
22 420 1,171 357 D
23 440 1,131 345 D
24 460 1,103 336 D


1,739
650
1,103
3,138
1,739


Vs100 from S-wave Refraction Data


Min. Vs100 (ft/s)


Average Vs100 (ft/s)
Max. Vs100 (ft/s)


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







Thick (ft)
Vs (ft/s)


0.28
0.63
1.06
1.61
2.29
3.14
4.20
5.53
7.19
9.27
11.86
15.11
19.16
24.23
30.57
38.49
48.39
60.77
76.24


100.00


100 ∑T/Vs =Total Thick =


Vs100 = ∑T/Vs
100


= C


Vs30= 452=


NEHRP Site
Classification


5.07
6.34
7.92
9.90


12.38


30
∑T/Vs


23.76
15.47


0.85
1.06
1.33
1.66
2.08
2.59
3.25
4.05


Vs100 NEHERP Site Classification


0.28
0.35


Depth (ft) Thick (ft) Vs (ft/s)


1161.70


2720.57
1768.33
2004.43
1748.00
1088.52
708.59
898.84
1136.14


1184.48


0.43
0.55
0.68 1134.38


1128.49
1086.18
1200.63


1128.17
1135.31
1129.44
1125.88


1247.75
1249.93


1482=


0.000381
0.000489
0.000599


m/s


0.000753
0.000976
0.001108
0.001429


0.007276
0.005664


0.008947


0.001756
0.002076
0.002600
0.003565


Low


0.000248
0.000308


ft/s


0.067473


0.006176
0.008748
0.008733


0.005641







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, 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 p. 


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.


λ = Pascals (Pa)


The Lamé constants are material properties
that are related to the elastic modulus and
Poisson ratio. The second Lamé constant is
identical to the shear modulus (G ).


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


1st Lamé Constant


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


2G( 1+ σ)


K  - 2G /3


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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