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Introduction 
 
The Ohio Department of Natural Resources (ODNR) Division of Wildlife is 
planning to install a new 7,200 square foot pre-engineered production building at 
the Castalia State Fish Hatchery in Erie County, Ohio, for breeding and raising 
steelhead fingerlings. The ODNR Division of Engineering is concerned that the 
geology of the site may not be stable enough to support the structure. 
 
BBC&M Engineering, Inc. performed a subsurface investigation of the site in 
June 2005 and encountered poor soil conditions within the test borings drilled on 
the property. At the request of the Division of Wildlife, the investigation was 
terminated before further boring intersected suitable load bearing soil or bedrock. 
The request was made out of concern that deep test borings could intersect 
artesian conditions and have undesirable effects on the flow rate of the main 
spring or “blue hole” that provides water for current hatchery operations. 


 
On October 30 and 31, 2007, the ODNR Division of Geological Survey (DGS) 
performed refraction and surface wave seismic investigations on the Castalia site 
to confirm the nature of the shallow sediments and determine the depth to either 
bedrock or another competent layer such as a highly compacted glacial till. 
 
Geologic Overview 
 
The Castalia State Fish Hatchery is located in the Maumee Lake Plains region of 
the Huron-Erie Lake Plains section of the Central Lowlands physiographic 
province (Brockman, 1998). The surrounding area is within a flat Wisconsinan-
age lake basin consisting of soft lacustrine silt and clay underlain by glacial till. 
Holocene-age organic deposits and marl overlay the lacustrine deposits   
(Brockman, 1998; Pavey and others, in press). The bedrock is Silurian-age 
dolomite belonging to the Salina Group (Larsen, 1995). The depth to bedrock is 
estimated to be 60 to 70 ft from the surface (Larsen and others, 1995). 
 
Location Description 
 
The new hatchery building is planned to be constructed on a relatively flat grass 
field north of the existing hatchery building, south of the hatchery’s main office 
building, east of the property’s service road, and west of the east property line 
(plate 1). The seismic survey was conducted with a 610-foot linear array of 
geophones that allow 2-dimensional (2-D) velocity profiles of the subsurface to 
be created from the data they record. The point of origin of the survey line 
(Station No. 1, 0.0 ft) was located 70 ft from the northeast corner of the existing 
hatchery building, 69 ft west of the east fence, and 266 ft north of the south 
fence. The line was oriented 32° northwest toward the main office building (plate 
1).  
 
 







Data Acquisition 
 
Seismic velocity data were collected with P-wave refraction and the multi-channel 
analysis of surface waves (MASW) seismic imaging methods. Data were 
acquired with a 24-channel Geometrics digital seismometer and 14 Hz vertical 
geophones. The seismic source was a truck-mounted accelerated weight drop 
(GeoSystems Model P-S 100).  
 
P-wave refraction surveys measure compressional wave velocities, which are 
useful in estimating depth to the groundwater table, rippability, and depth to 
bedrock. The P-wave survey acquired 460 linear ft of P-wave arrival time data. 
The arrival time data was collected from a linear array of 24 geophones placed at 
20-foot intervals; the first geophone was located 50 ft from Station No. 1 of the 
survey. P-wave data were generated from four seismic source locations at 
Station Nos. 13 (60 ft), 33 (160 ft), 81 (400 ft), and 101 (500 ft). Acquisition 
parameters of the refraction survey are listed in table 1. 
 
An MASW measures surface wave velocities to determine the approximate shear 
wave velocities of the subsurface soils and bedrock. This method provides useful 
data for the seismic/dynamic design of foundations and for imaging weak zones 
in the subsurface. The MASW survey acquired 480 ft of surface wave data. The 
standard common depth point (CDP) roll-along acquisition format was employed 
to acquire the data from 24 geophones placed at 5-foot intervals. The seismic 
source was located at Station No.1 at an offset (distance to nearest geophone) of 
15 ft. After the generated surface wave data were recorded, the entire 24-
channel geophone and source array was then moved 120 ft north and the data 
collection was repeated for a new area. At each location, surface wave data were 
generated and recorded. Acquisition parameters of the MASW survey are listed 
in table 1. 
 


Table 1. MASW and refraction data acquisition parameters 
 


Survey Type Active MASW P-wave Refraction 
Survey purpose 2-D Vs Profiling 2-D Vp Profiling 
Data Format SEG-2 SEG-2 
Acquisition 24 channel 24 channel 
Source Accelerated Weight Drop Accelerated Weight Drop 
Geophones 14 Hz (spike coupling) 14 Hz (spike coupling) 
Geophone Array Linear, roll along Linear 
Array Dimension 120 ft 460 ft 
Geophone spacing 5 ft 20 ft 
Source Offset 15 ft  
Geophone Array 
Move 120 ft  


Sampling Interval 1 msec 0.125 msec 
Recording Time 2 sec 0.125 sec 







Data Processing 
 
Analysis of the refraction data was performed using SeisImager/2-D refraction 
software developed by Geometrics. The processing and interpretation flow 
consisted of determining the P-wave arrival times at each geophone that were 
recorded on the seismograms, creating data files of this information for input into 
the interpretation module of the software, and finally interpreting (or modeling) 
the data using the time-term inversion method (plates 2 and 3). 
 
Analysis of MASW data was performed using SurfSeis software developed by 
the Kansas Geological Survey (KGS). Each set of surface wave data was 
consolidated and reformatted from its SEG-2 format (subcommittee of the SEG 
Engineering and Groundwater Geophysics Committee, 1990) into a KGS-
modified SEG-Y single multi-record file format. The data were then transformed 
from the time domain into the frequency domain using Fast Fourier Transform 
(FFT) techniques. The FFT transformed data were used to generate site-specific 
dispersion curves (phase velocity as a function of frequency) for each data 
location. The dispersion curves generated from the surface wave data were 
inverted to calculate the shear wave velocity profile (plate 4). 
 
Data Interpretation 
 
The 2-D velocity profiles generated by the refraction and MASW methods (plates 
3 and 4) reflect the horizontal and vertical continuity and physical properties of 
the subsurface materials from a few feet below the surface to a depth of 
approximately 65 ft. The boreholes drilled by BBC&M Engineering, Inc., provided 
geologic information that was used in the interpretation of the velocity gradients 
to depths of 25 to 40 ft (plate 1). Geologic information to correlate with seismic 
profiles below 25 to 40 ft is based on past work in the surrounding region by the 
DGS (as discussed previously). 
 
The P-wave refraction profile shows three distinct velocity layers (plate 3). The 
velocity break between the upper 666 ft/s layer and the 5,247 ft/s layer is the 
groundwater table. Depth to the water table was interpreted to be 4 to 5 ft at the 
time of the survey. The borehole logs recorded the water table as 2 to 8 ft below 
the surface. P-waves increase in velocity by a factor of approximately 4,500 ft/s 
when traveling through water-saturated soils; using the P-wave refraction method 
to define different layers in water-saturated soil is typically not possible. The 
lower 12,252 ft/s velocity layer is bedrock. The interpreted depth to bedrock was 
43 to 53 ft, shallower than previously estimated by DGS mapping.  
 
The non-interpreted MASW shear wave velocity profile is presented as plate 4 
and the interpreted profile is presented as plate 5. Geological interfaces are 
typically associated with a rapid change of velocity on the shear wave velocity 
profile. Four lines indicating rapid changes in shear wave velocity were drawn on 
the interpreted profile, which defined five layers (plate 5). Geologic interpretation 







of the layers was based on the BBC&M Engineering, Inc., borehole data and 
geologic mapping (Larsen, 1995; Larsen and others, 1995; Pavey and others, in 
press). 
Layer 1 is interpreted to indicate Holocene-age organic and marl deposits that 
are very extensive over the surrounding lake plain area. Layers 2 and 3 are 
Wisconsinan-age lake (lacustrine) deposits (Pavey and others, in press). The 
borehole data indicate that the lake deposits are comprised of very soft to soft 
silty clay and soft silty sand. The measured shear wave velocities for layer 2 are 
below 600 ft/s and indicate a layer of very soft to soft silty clay 5 to 7 ft thick. 
Velocity values below 600 ft/s indicate layer 2 has low shear strength. 
Layer 4 is deeper than the total depths of the boreholes. The geologic 
interpretation of till is speculative based on mapping by Pavey and others (in 
press). The velocity range of approximately 1,200 to 1,800 ft/s is typical for till. 
Layer 5 is interpreted to be dolomite bedrock. 
Comparing the interpreted P-wave and MASW shear wave velocity profiles 
(plates 3 and 5), there is a discrepancy of 10 to 15 ft between the interpreted 
depths to bedrock, with the MASW shear wave velocity profile indicating deeper 
bedrock. Refraction and MASW methods each have an accuracy of ±10 to 15% 
of the true depth (Xia and others, 2002; Haeni, 1988). Taking this margin of error 
into consideration, the depth to bedrock is approximately 50 to 60 ft. 
 
Seismic Requirements 
 
An MASW is an effective way to determine a Building Seismic Safety Council 
(BSSC) National Earthquake Hazards Reduction Program (NEHRP) site 
classification. Plate 6 is the weighted mean values of the shear wave data to a 
depth of 100 ft across the hatchery site. The Vs30 values ranged from 683 to 830 
ft/s, which fall under the BSSC (2003) site class D. 
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Plate 1. Location map of where MASW and P-wave data were acquired on 
the Castalia State Fish Hatchery property. Borehole data from BBC&M 
Engineering, Inc., provided geologic control in the interpretation of the 
seismic data. Survey stations were located every 5 ft along the survey line. 







 
 


Plate 2. Above is the traveltime vs. distance plot of the P-wave refraction data acquired on the Castalia State Fish 
Hatchery property. Three distinct changes in slope of the traveltimes are identifiable on the plot. These changes 
represent where the acoustic wave encountered a refractive boundary as it traveled through the subsurface.  







 
 
Plate 3. The velocity model above was constructed from the traveltime vs. distance data of the Castalia State Fish 
Hatchery property. The boundary line between the 666 ft/s and 5,247 ft/s layers is the groundwater table. The 666 ft/s 
layer represents dry soil conditions and the 5,247 ft/s layer represents saturated soil conditions. The boundary line 
between the 5,247 ft/s and 12,252 ft/s layers represents the top of acoustic dolomite bedrock. 







 
 
Plate 4. Non-interpreted MASW shear wave velocity profile of the Castalia State Fish Hatchery property. 







 
 
Plate 5. Geologic interpretation of the MASW shear wave velocity profile of the Castalia State Fish Hatchery property. 
Layers 1 to 3 were based on the BBC&M Engineering, Inc., borehole data. Layers 4 and 5 were interpreted from past 
research in Erie County conducted by the DGS (Larsen, 1995; Larsen and others, 1995; Pavey and others, in press). 







 
 
Plate 6. The profile above is the weighted average values of the MASW shear wave data to a depth of 30 meters (100 
ft) along the seismic survey line. Vs30 (Vs100) shear wave values range from 683 to 830 ft/s. 











































































































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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