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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 V,, 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 120 ft

Move

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






Data Processing

Analysis of the refraction data was performed using Seislmager/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.
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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.





666 ft's

: 5,247 ft's

12252 ft's

60 90 130 170 210 250 290 330 370 410 450 490
Distance (ft)

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.
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Plate 4. Non-interpreted MASW shear wave velocity profile of the Castalia State Fish Hatchery property.
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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).
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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.
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BBC&M ENGINEERING, INC. 6190 Enterprise Court, Dublin, Ohio 43016-7297
Phone (614) 793-2226 Fax (614) 793-2410

Tuly 8, 2005
01109256.000

Mr. Richard Dirks, P.E.
TishPro/Cochran & Wilken, Inc.
5201 S. Sixth St. Road
Springfield, IL 62703-5143

Re:  Subsurface Investigation
‘Castalia State Fish Hatchery
Erie County, Ohio

Dear Mr, Dirks:

In accordance with our proposal dated May 18, 2005, which was authorized on May 24,
2005, BBC&M Engineering, Inc. has completed a subsurface investigation for the
planned upgrades at the Castalia State Fish Hatchery in Erie County, Ohio. The site is
located as shown on the Vicinity Map presented as Plate 1 of the Appendix. Our
observations and recommendations associated with the investigation are herewith

submitted.

EXISTING INFORMATION

We understand the project consists of a new 7,200 square foot (sf) pre-engineered
Production Building for breeding and raising steel head fingerlings. This building will
house hatching trays and holding tanks, along with the appropriate mechanical, electrical
and plumbing equipment for the raising of fish. The above ground raceways will have a
water depth of 24 inches. This building will also have a drive aisle designed for use by
HS20 vehicles. There will also be a small 1000 sf masonry office building, an above

 grade concrete head fank structure (10°x10° in plan, 20 tall) and a new pre-enginecred
canopy constructed overtop of the existing raceways (25 x 400°). Loading information
was provided as follows: '

» Production Building — 28 kips vertical for columns, 14 kips lateral for columns, 0.75
XIf for walls, and one truck aisle at FIS20 for slab-on-grade. We understand that there

will also be uplift loads, however, magnitudes were not provided.
Office Building — 1 Kif for walls and pedestrian loads for slab-on-grade.
Head Tank — tank holding water and having dimension of 10 X 10 X 20 feet deep.

Raceway Covers — 12 kips vertical for columns.






A new site plan was provided on June 29, 2005 showing a new location for the
production building, office building, and head tank (date on plan is June 24, 2005).
According to Mr. Dirks with FishPro/Cochran & Wilken, Inc., no additional borings were
desired at the new locations. In addition, at Mr. Dirks’ request, the Plan of Borings
shown on Plate 2 of the Appendix shows the old structure locations.

Poor soil conditions were encouniered within the borings performed for this
investigation. At the request of Mr. Gary Wilken with FishPro/Cochran & Wilken, Inc.,
borings were terminated before encountering suitable bearing soils. We understand that
this request was made to avoid artesian conditions that have resulted from deeper borings

in the past.

FIELD WORK

On June 6 and 7, 2005, a total of eight (8) borings were extended to depths of 25 to 40
feet each at the locations shown on the Plan of Borings submitted as Plate 2 of the
Apperndix. The boring locations were staked in the field by BBC&M. Ground surface
elevations at the boring locations were obtained by imterpolating the topographic
information provided by FishPro. The borings were backfilled with a combination of soil
cuttings and bentonite hole plug upon the completion of driiling.

The borings were performed with an all-terrain-vehicle (ATV) mounted drill rig and were
advanced between sampling attempts using a 4-% inch O.D. continuous-flight auger. At
regular intervals, disturbed, but representative, samples were obtained by lowering a 2-
inch O.D. split-barrel sampler to the bottom of the hole and driving it into the soil by
blows from 2 140-pound hammer freely falling 30 inches (Standard Penctration Test -
ASTM D 1586). Split barrel samples were examined immediately after recovery and
representative portions of each sample were. placed in air tight jars and retained for

subsequent laboratory testing.

LABORATORY TESTING

In the laboratory, all soil samples were visually identified and, on a few selected
representative soil samples, moisture contents, Atierberg limits, and a grain size analysis
were performed. In addition, on one sample a loss-on-ignition (LOT) test was performed
to determine the percent organics. Results of the laboratory tests are presented
graphically on the individual boring logs and a summary is presented on Plate 12 of the
Appendix. Based upon the results of the laboratory testing program, soil descriptions-
contained on the field Jogs were modified, if necessary, and the laboratory-corrected -
boring logs are submitted as Plates 4 through 11 of the Appendix.
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Soils described in this report have been classified basically in accordance with the
Unified Soil Classification System, but this system has been augmenied by the use of
special adjectives to designate the approximate percentages of minor soil components.
An explanation of the symbols and terms used on the boring logs, and definitions of the
special adjectives used to denote the minor soil components are presented on Plate 3 of

the Appendix.

GENERAL SUBSURFACE CONDITIONS

' In general, very-loose sand and very-loose silt interbedded with silty clay were

encountered for the fall depths of the borings. In addition, Jayers of very-soft to medium-
stiff silty clay were encountered in several of the borings. In Boring B-5, the upper 17
feet of material was determined through a Loss-on-Ignition (LOI) fest to be organic.

Groundwater observations were made as the borings were being advanced and
measurements were made at the completion of drilling. Groundwater scepage was
encountered during drilling at depths ranging from 2.0 to 7.5 feet below the existing
ground surface. Water levels at the completion of drilling ranged from 1.5 to 4.9 feet

below the existing ground surface. :

DISCUSSIONS AND RECOMMENDATIONS

Geotechnical Evalnation

Given the poor soil conditions encountered in the borings and with the limited soils
information with depth, it is not possible to develop typical structure support
recommendations that would result in acceptable settlements. The following are some
structure support options to consider for the production building, office building, and

head tank.

1) preloading the building and tank sites and using conventional spread footings;
2) driven wooden piles having a lower than typical capacity; | .
3) partial removal and replacement with a geogrid/aggregate raft system and using
conventional spread footings bearing on the raft system; and '
" 4) a conventional mat.

Our concern with all of the above options is that settlements could be excessive. The
structures will have to be designed in a fashion that allows for settlement and even the
possibility of jacking/raising the structures. ' The options presented above may not be
feasible for the individual columns proposed for the raceway cover. Foundations for the
raceway may require undercutting and replacement with a lean concreie up to plan
bearing elevation. Additional recommendations are presented in the following sections.

Subsurface Investigation — 01105256.000 3
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Site Preparaiion

It is recommended that all vegetation, topsoil, rootmat, or any other unsuitable material
be stripped from the proposed building and tank footprints and five (5) feet beyond.
Following stripping, the entire exposed subgrade should be proofrolled using a heavily-
loaded, tandem-axle truck to detect soft, wet or weak zones which might not have been
revealed by the explorations. It is recommended that any observed unsuitable materials
or subgrade soils which exhibit significant pumping and/or rutting during proofrolling, be
stabilized by scarifying, aerating, and recompacting or overexcavating and replacing with
compacted suitable fill. The determination of which method is appropriate -for
remediation of weak portions of the subgrade could best be determined by a BBC&M
representative witnessing any overexcavations of existing fill and any proafrolls of the

exposed subgrade.

In areas where new fill will be required for support of new structures, it is recommended
that the fill be placed in uniform, thin lifts and be compacted to a dry unit weight of no
less than 100% of the maximum dry unit weight as determined in the laboratory by the
Standard Proctor test (ASTM D698). The moisture content of all soil that is used as
structural fill should be maintained within ~2% to +2% of the optimum moisture content
during afl compaction operations. All soil that is to be used as structural fill should
consist of non-organic soil free of miscellaneous materials, cobbles, and boulders.
The fill should not be in a frozen condition during placement and should not be placed on.

a frozen subgrade.

Production Building and Office Building Foundations

¢ Preloading (Surcharging) — To help minimize the amount of settlements that could
occur with conventional spread foundations, consideration could be given to
preloading the footprint of the production building and office building with four (4)
feet of soil material. The topsoil should be stripped prior to placing any of the
surcharge fill. - Without extensive laboratory testing (Le. consolidation testing) it is
difficult to make estimates of the magnitudes of seitlements and how long the
surcharge should be placed until a majority of the settlement has occurred. Given that
the primary underlying soil type consists of silt, it is likely that a majority of the
setflement from the surcharge loading will occur in approximately 1 to 2 months.

Consideration could be given to periodically monitoring settlements to help determine
when the incremental magnitudes of settlements that are occurring are small enough
that the surcharging could be considered complete. Afier removal of the surcharge,
conventional spread foundations could be installed. Spread foundations bearing on
medium-stiff or stiffer cohesive soils or loose granular soils that have been
surcharged could be designed for a maximum allowable bearing pressure of 1,000
pounds per square foot (psf). The potential for settlements of foundations will be

reduced as a result of surcharging.
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¢ Driven Wooden Piles — Driven wooden piles having a 12 inch diameter, extending a
minimum of 35 feet below grade, and end bearing in loose silt may be designed for an
allowable vertical compression load of 12 kips. Properly designed piles installed in.
accordance with these recommendations should have a factor of safety of at least 2
with respect to soil shearing strength. All piles should be installed at a center-to-
center spacing no closer then 2.5 pile diameters (2.5*D). It is recommended that a
static load test be performed on at least one pile at the beginning of construction. If
the load test indicates a significantly higher load capacity is available, the design
loading may be modified at that time. - .

Because excess pore pressures may develop within the bearing stratum and result in
an apparent reduction in pile driving resistance during installation, it is recommended
that the pile load test not be performed until after a minimum 48 hour setup period
has occurred following pile installation. Pile driving may also result in slight heave of
nearby previously driven piles. To avoid detrimental effects, all piles should be
resurveyed to verify final elevations and, if necessary, be retapped, prior to the
completion of pile driving activities. :

» Geogrid/Aggregate Raft — To increase the effective bearing capacity and to reduce
the potential for total and differential settlements, a geogrid/aggregate raft system (ie,
Tensar Earth Technologies, Inc. Dimension system) could be installed. Such an
approach would require partial removal of the existing soils and replacement with
geogrid and stone. Design of this approach is beyond our scope and we suggest that a
Tensar Earth Technologies Product distributor be contacted to assist with the design
or to help get you in contact with a designer. BBC&M has already contacted Mr.
Santino S. Piccoli with Contech Construction Products, Inc. (330-405-1887)
regarding this project. The depth of overexcavation for the design may be limited by

high groundwater with this approach.

s Mat Foundation - A mat foundation bearing on medium-stiff or stiffer silty clay or
very-loose to medium-dense silt could be considered for foundation support. It is
unknown as to how stiff the mat will be designed and, therefore, unknown as to how
the mat will distribute the column, wall, and floor loads. This, therefore, makes
settlement calculations difficult to perform. It is recommended that the mat be rigidly
designed to evenly distribute loads across the entire footprint of the mat. A loading
condition of 1,000 psf or less evenly distributed across the mat will likely experience

tolerable seitlements.

Tank Building Foundations

Boring B-5, which was performed for the proposed head tank, encountered 17 foet of
very-loose organic sand. These soils are not considered suitable for support of the tank
and our primary recommendation is that the tank be moved to another location. Based on
the June 24, 2005 site plan and a discussion with Mr. Dirks on July 6, 2005, the head tank
Subsurface Investigation — 01109256.000 5
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location is going to move fo between the old head tank location and the new production
building location. If soils at the new head tank location are similar to those encountered
for the production building, then the recommendations provided above for the prodnction

building would apply for the head tank.

Raceway Cover Foundations

Borings B-6, B-7, and B-3 were performed for the raceway cover foundations. Very-soft
to medium-stiff silty clay and very-loose sand were encountered near the surface. It is
believed that for constructability reasons, the above four options given for production
building/office building support would not be feasible for support of the individual
raceway cover columns. Foundations for the raceway could be designed for an allowable
bearing pressure of 1,000 psf and be designed to tolerate settlement and even have the
ability to be jacked or raised. As an alternative and to reduce the amount of settlement at
each column location, the foundation could be undercut a depth of 1.5 times the footing
width and at a 45 degree angle from the bottom of the footing and be replaced with a lean
concrete having a minimum 28-day compressive strength of 1500 psi up to plan bearing
elevation. Foundations may then be designed for a maximum allowable bearing pressure

- 0f 1,000 psf.

General Foundation Recommendations -

. If weaker soils are present at or just below the propdsed bottom of foundation
elevation, the material should be overexcavated and the footing lowered to more
- quitable soils or the overexcavation filled with low strength concrete.

. Exterior footings should be placed at least 36 inches below the lowest adjacent
grade for frost protection or in accordance with local codes. :

. A rinimum footing width of 36 inches for column footings and 16 inches for wall
footings is recommended, regardiess of calculated size. :

s All footing excavations should be observéd by a BBC&M representative fo verify
suitable bearing soils are present capable of supporting the loads as designed and
+o minimize the amounts of undercuts required during excavation if weak soils are

encountered.

Production Building and Office Building Floor Slab

How and what supports the floor slab will be dependent upon the foundation option used
to support the building. If the option of preloading or a geogrid/aggregate raft system is
used, then the floor slab can be supported on grade. With the preloading option, a
Modulus of Subgrade Reaction of 90 pounds per cubic inch (pei) should be used for
design. If the geogrid/aggregate raft system is used, then the Modulus of Subgrade
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Reaction will be dependent on the type of compacted fill present at grade. If the structure
is supported with piles, then consideration should be given to structurally supporting the
slab. This would result in the least risk of unaccepiable slab settlement. I the slab is
supported on grade on the existing soils, it is likely that unacceptable settlements could

oceur resulfing in premature slab cracking.

If the slab is supported on grade, then it is recommended that final subgrade preparations
be performed immediately prior to the placement of the granular base material fo
minimize damage to the subgrade from repeated construction traffic and/or exposure to
weather. Proofrolling operations should be performed on the final subgrades to expose
any soft or unsuitable bearing materials which may have developed during construction
as a result of heavy construction fraffic. We recommend that the prooffolling operations
be performed using a tandem-axle, fully-loaded dump truck. ‘Any soft or unsuitable
material exhibiting rutting, yielding, and/or pumping during the proofroll should be either
undercut to a firm bearing material and be replaced with engineered fill to re-establish
final subgrade or be stabilized in accordance with the recommendations presented in the -

Site Preparation section of this report.

Seismic Requirements

Based on the subsurface stratigraphy encountered within the borings and the estimated
depth to bedrock based on ODNR mapping, it is the opinicn of BRBC&M that this site is
best characterized by 2002 Ohio Building Code Site Class E.

Groundwater Considerations

Groundwater seepage was -encountered during drilling at depths ranging from 2.0 to 7.5
feet below the existing ground surface. Water levels at the completion of drilling ranged
from 1.5 to 4.9 feet below the existing ground surface. Based on the groundwater
observations made during this investigation and depending on final grades, shallow
spread foundation excavations and overexcavations for either lean concrete or a
geogrid/aggregate taft system will likely encounter- significant groundwater flows. If
sumps and pumps are not kecping the water level below bearing surfaces, then
consideration may need to be given to installing temporary wells or wells points.
Dewatering of this magnitude could affect the overall water table and induce ground
subsidence and seitlements of nearby stroctures. If isolated dewatering using sumps

_ and pumps is not sufficiently controlling groundwater during construction, then BBC&M -

should be contacted to make additional recommendations.

During construction, surface runoff and precipitation should not be permitted fo collect
and stand in excavations as the soil will absorb water. Soils softened by standing water
or disturbed by construction activities should be removed from excavations before

construction materials are placed.

Subsurface Investigation — 01109256.600 7
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Granular soils and weak cohesive soils were encountered in the borings performed for
this site. The presence of granular soils, weak cohesive soils, and/or segpage could cause
sloughing and caving of excavation walls during construction. Provisions should be
made to brace the walls of all excavations or slope the excavation walls back at a safe
angle if space permits. Under all conditions, excavations should be performed in
accordance with the most recent OSHA regulations. : ’

Pavement Recommendations

The subgrade for any pavements should be prepared as described in the Site Preparation
section of this report.. Depending on the results of the proofroll, it may be necessary in
isolated areas to incorporate geogrid (such as a Tensar BX 1300) with an ODOT Item
703, No. 2 stone in undercuts to limit the depth of undercuts and to get a stable subgrade
on which to construct pavement. In areas where traffic will only be cars, the light-duty
pavement section should consist of 1-1/2 inches of ODOT Item 404 overlying 1-1/2
inches of ODOT Item 402, overlying 8 inches of granular base consisting of ODOT Item
304 stone. ODOT ltemn 448 may be substituted for the Items 404 and 402. A heavy-duty
pavement section would be dependent upon traffic data. If provided, BBC&M could be
retained to design a heavy-duty pavement section. A California Bearing Ratio (CBR)
value of 3 is recommended for any pavement designs for this site.

FINAL CONSIDERATIONS

The analyses, conclusions and recommendations discussed in this report are based on
conditions as they existed at the time of our field investigations and further on the
assumption that the exploratory borings are representative of actual subsurface conditions
throughout the area investigated. It should be noted that actual subsurface conditions
between and beyond the borings might differ from those encountered at the boring
locations. If subsurface conditions are encountered during construction that vary from
those discussed in this report, BBC&M should be notified immediately so that we may
evaluate the effects, if any, on design and construction.

BBC&M should be retained to review the final foundation and site grading plans to
verify that the intent of our recommendations has been followed. During construction, it
is recommended that a representative from this office be on-site to observe amny
overexcavations, to observe proofiolling operations, 1o test any new fill, and to observe
foundation excavations or deep foundation installation and bearing conditions to verify
that the conditions encountered during construction are similar to those encountered in
our borings. BBC&M cannot assume responsibility or liability for the adequacy of
recommendations if we do not observe construction. :

Subsurface Investigation — 01169256.600 8
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A new site plan was provided on June 29, 2005 showing a new location for the
production building, office building, and head tank (date on plan is June 24, 2005).
According to Mr. Dirks, no additional borings were desired at the new locations. - In
addition, at Mr. Dirks’ request, the Plan of Borings shown on Plate 2 of the Appendix

shows the old structure locations.

Poor soil conditions were encountered vnthm the borings performed for this
investigatipn. At the request of Mr. Wilken, -borings were terminated before
encountering suitable bearing soils. We understand that this request was made to avoid
artesian conditions that have been encountered from deeper borings in the past. By not
authorizing deeper explorations, we were not able to define the depth to adequate end
bearing conditions for deep foundations, Given these restrictions, BBC&M was asked to
provide foundation recommendations with the available information. It should, therefore,
be noted that there is a high potential for settlement given the proposed construction and
the known conditions at this site. The owner should not proceed with this construction if
they are not willing to accept these risks. To reduce the risk, additional deeper borings
could be performed in the areas of the new building and tank locations. There remains a
risk that artesian conditions may be encountered with deeper borings. We can take this
into account and plan accordingly, but we cannot guarantee that there will be no

problems with such a condition.

We appreciate having been given the opportunity to be of service on this project. If you
have any questions, please do not hesitate to contact this office.

Respectfully submitted,

BBC&M ENGINEERING, INC.

e (=l

Bethanie L. Meek, P.E. ‘ Ronald T. Erb, P.E.

Senior Engineer Senior Project Engineer

BLM/RTE/bm
Submitted: 3 copies

Attachments: Plate 1 - Vicinify Map
Plate 2 - Plan of Borings
Plate 3 - Explanation of Symbols and Terms -
Plates 4 through 11 - Boring Logs
Plate 12 - Summary of Lab Testing
Plate 13 — Gradation Curve -
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EXPLANATION OF SYMBOLS AND TERMS USED ON BORING LOGS -
SAMPLING DATA

' ‘ - Blocked-in "SAMPLES” column indicates sample was aftempted and recovered within this
depth interval.

- sample was attempted within this inferval but not recovered.
. 2/5/9 - The number of blows required for each &inch increment of penefration of @
standard” 2-inch O.D. split-barrel sampler, driven a distance of 18 inches by a 140-

. pound hammer freely falling 30 inches. Addition of ong of the following symbaols
indicates the use of a spli-barel other than the 2" O.D. sampler

- 2%"0.D. split-bamel sampler

- 3'0.D. spli-barrel sampler

P - Shelby 1ubé sampler, 3" 0.D., hydraufically pushed.
R - Refusdi of sampler in-very-hard or dense soil, oron a resistant surface.
50-2" - Number of blows (50} to drive a spiif-barrel sampler a certain number of inches {2), other

than the normal éinch increment. _
s/D - Split-barrel sarr{plgr (S) advqnced by Qeighf of drill rods {D}.
S/H - Spiit-barel sampler (S) advanced by combined weight of rods and drive hammer {H).
SOIL_DESCRIPTIONS - All soils have peen classified basically in accordance with the Unified Soil

Classification System, but this system has been augmented by the use of special adjeclives o
designate the approximate percentages of minar components as follows: :

Adieciive Perceni by Weight
frace . 1fo 10
little 1110 20

" some - 21 to 35
"and” 34 to 50

The following terms are used io describe density and consistency of soils:

[ T Granular Soils ; Blows per fool
i " Very-loose . Less than 5
| i Loose 5i0 10
| Medium-dense 111030
| Dense : 3110 50
_ Very-dense Qver 50
: grm [Cohesjve Solls Qu (isf)
‘ Very-soft Less than 0.25
Soft 02510 0.5
Medium-stiff 0510 1.0
Stiff 1.010 2.0
Very-stiff 201040
Hard Over 4.0

PLATE 3






) LOG OF BORING NO. B-1 : Page 1 of 1
CASTALIA STATE FISH HATCHERY .
ERIE COUNTY, OHIO
LOCATION: See Plate 2 of Appendix ELEVATION:  620+/~ DATE 6/6/05
DRILLING METHOD: _4-1/2" O.D. Continuous-flight Auger COMPLETIONDEPTHE: - 30.0¢
SAMPLER(S): 2" O.D, Split-barrel Sampler
o E E E 2 E . NATURAL CONSISTENCY INDEX 'I'EST
g E % % E % g DES CRIPTI ON ﬂBTURAL MOISTURE CONIENT RES_[JLTS
R 0 L8 55 7 & siasTic LIMEr Lo LIQUID LINT
’ N TOPSOIL, - 6 INCHES T 10—++20———30———40——
; = 1, ¥ FILL:. Very-loose to loose brown fine to coarse gravel, :
yé iy o 1y ; "and" fine fo coarse sand, trace silt, contains shellfcoral
i 1 3L pleces, calcarsous.
] . STiF brown mottied with gray silty clay, trace fine to . SN AR SR BN R
P 5 1. 9 7, | coarse sand, desiccated. —— T
oo 2 I"g ! B B T He125-1.75
! 5 Medium-dense gray silt, trace fing to medium sand. L
E ' =
B ] 5 e
10 !g =
s, 12 e
: 5 o Very-locse to loose gray silt, trace fine to medium sand, —
v (08 T 4 l 17 | contains few silty clay seams.
T "6
v oo 5 Izl
——t 20 - 4y
4
|
BRI
- A ,
5@5- - 25 6. Il !/ 26
/2
- O
§ 490 30 - 5 P sttt et
4
| - Encountered water at 2.0'.
I
} 55
| :
S_ 40 N i
i B
: <
g
. &
! g 3 e e T T
beogh Y ¥ 7 STIBOLS DSED 10 INDICATE 7EST RESULTS
2] WATERLEVEL: ¥ 34 = £ =
. 8 waTERNOTE: _Cavedat23¥ S CNGUFINED COMPR]  sponears | - ONID DAY WEIGHE. (BeE)
:oal DATE: . Gi06/05 Ez'ggglg*gﬁagggﬂ CURVES | D=-RELATIVE DENSITY (%)
PLATE 4
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1 LOG OF BORING NO. B-2 Page 1 of 1
b CASTALIA STATE FISH HATCHERY
: ERIE COUNTY, OHIO
LOCATION: . See Plate 2 of Appendix ELEVATION:  620+/- DATE: 6/6/05
DRILLING METHOD: _ 4-1/2" O.D. Continuouns-flight Auger COMPLETION DEPTH: 40.0"
SAMPLER(S): 2" 0.D. Split-barrel Sampler
" . 5 % E E‘l E : NATURAL CONSISTENCY INDEX TEST
E [éﬂq % g E % g DES CRIP,HON .’ ?NRTURAL- MOISTURE CONTENT
amlz=oHls & ‘ 4’5 ' 43‘ RESULTS
FALR: B @ ) A S —PLASTIC LIMIT LICUID LIMIT
n TOPSOIL - 6 INCHES e PO e o P R
VAT 1 Iz‘ FILL: Very-loose brown fine fo coarse sand, trace fine  ———-ts
z' W1 ; eravel, litile silt, contains shell/coral pieces, calcareous.
= ! 1| Very-soft gray silty clay, trace fine to medium sand.
) A ]5’?] H=0.0
ALY = i AR
Very-loose to loose gray silt interbedded with gray silty
) clay, trace to fittle fine to medium sand. _ :
) 3 I / : . B=0.5-10
.._..(?_L_O.m_..lo 1l 4}, 5
: - .
/o5 14 Ill H=0.0
Yerris1 MYy 4
. ]
/s 5 I21
vk REran B I
'
: i3 ]1 Pz PL O 1
‘és?is—_ 25 f2 / ) M L ) G
¢
. 7 Ill
! Zfﬂ___.30_ iy 1‘,.1
’ Z
a0 B
NET _ 3 / )
¢
B ses
e == N i == e e
IS8k 40 1 2;1@211.@_1!_5_&‘15111553_@- ________________ e e o e m s s R
E 2 i
2 - Encountered water at 4.0".
2
!
% 45 R M R Lo - -
A g WATER LEVEL: g 25 ¥ 1 G—@Aﬁ‘?ggons USED_TO INDICATE T?ST RESULTS
51 WATER NOTE: § - Siconezi cown| cfiars | 4. owTe bt ASIONT (ren
3L DATE: S06/05 C — CONSOLIDATICN CURVES | D - RELATIVE DENSITY (%)
PLATE 5






See Plate 2 of Appendix ELEVATION: _ 620+/-

TOG OF BORING NO. B-3 Page 1 of 1
CASTALIA STATE FISH HATCHERY
ERIE COUNTY, OHIO
DATE: 6/7/05

LOCATION:

DRILLING METHOD:  4-1/2" O.D. Continnous-flight Auger COMPLETION DEPTH: 25.0°

SAMPLER(S): 2" O.D, Split-barrel Sampler '
WATURAL CONSISTENCY INDEX

= [~
E E § e % DESC ON < SATORL OTSTURE CONTENT TEST
RIPTE —y——— X
o 5 % % E _ ~ — RESULTS
iahe Z @ <= prASTIC EIMIZZ LIQUID LIMIY
a TOPSOIL - 6§ INCHES . 7:;_:.19 — 20.:‘.30,55."9_::5
I; FILL:. Very-loose brown fine fo coarse sand, trace fine [T L T
'/if.;n /y ’ gravel, some silt, contains shell/coral pieces. : R
1" Stiff to very-stitt brown mottled with gray silty clay, 1
trace fine to coarse sand. e
. L 5 - Il" :x—i——i —— H=1.25-2.25
S 1 7 - =
B ‘ Very-loose to loose gray silt, interbedded with gray silty
. . clay, trace fine to medium sand.
vitia 1 I !
/é; ‘(j ’ III
. 3 F ] 2
e 15 I3
2,
2
1
,/ Y- l /
ﬁ__,_isi___ 25 2/ b et e ——— e —
: 3
- Encountered water at 7.0'.
30
- 35 m
&an
2 40
=
8
=
Ea
2
=11 STHBOLE UBED TO INDICATE TEST RESULIS
g| WATERLEVEL: ¥ 4.5 ¥ £ € — GREDATLON SR 4 — DENETROMETER (tsf)
s  WATER NOTE: Q - UNCONFINED COMPRL  cppapprs | W - ONIT DRY WEIGHT (pcf
- : T - TRIAXIAL COMPR pet}
=3 DATE: 607105 € - CORSOLIDATION CORVES | D - RELATIVE DENSITY (%)






1.0G OF BORING NO. B-4 Page I of 1

BBCM CASTALIA STATE FISH HATCHERY
. ERIE COUNTY, OHIO
LOCATION: See Plate 2 of Appendix ELEVATION:  620+/- DATE: 6/7/05
1 sxi NG METHOD: - 41/2"-Q.D. Continuous-flight Auger. ... . .. _ COMPLETIONDEPTH: __ 25.0°
SAMPLER(S): 2" O.D. Split-barrel Sampler
; 2 o % %R :é: & NATORAL, CONSISTHNCY INDEX TEST
i = DES CRIPTI ON . ﬂh’l‘ﬂm WOLSTURE CONTERT
| % é - % % E g _ _4:5 . AE: RESULTS
f L D Al 2l ] — 7PLAST.IC I-IH_I_T L'IQ_UIB LIM;‘I
. R TOPSOIL - § INCHES TS Tt it E P/ P S\ P
| vl E 1 3 FILL:, Very-loose brown fine to coarse sand, trace fine [—=— i
, /y vel, litfle silt, contains shell/coral pieces. W
) 7 1| &Hff brown motiled with gray silty clay, ace fine to IR
| _ medium sand, desiccated, contains few silt seams.
l vy 202 I2f2 6 H=125-1.5
’ 14 Very-loose to loose gray silt, trace fine to medium sand,
‘ contains few siliy clay seams. -
v (o 3 l2!
L I ] 4
‘ 10 /s
|
!
| .
AT 4 l21
PRS- X A 3
! 15 / 3
|
|
! ' -
| 2
- Vioo 5 /
=0
|
| p ¥
| _gj‘é——_ 25 6 12 fh——_——————————
! 2 )
| - Encountered water at 6.0'.
|
- 30 -
- 35 )
2l 40 1
5
<]
&
2
5_45 ) . T S IR
2 v ¥ I ; SYMBOLS USED T INDICATE TEST RESULTS
2| WATERLEVEL: ¥+ 27 1 £ = -
8|  WATER NOTE: g-%@%ﬁ%ﬁ%n COMER sEE\SAEREmE w- %Tﬁgaﬁcﬁs%cﬂ
3 DATE: 0705 I R CURVES | D - RELATIVE DENSITY (%)






BBCM

CASTALIA STATE FISH HATCHERY

LOG OF BORING NO. B-5 Page 1 of 1

ERIE COUNTY, OHIO
LOCATION:  See Plate 2 of Appendix ' ELEVATION:  618+/-  DATE: 6/6/05
DRILLING METHOD: _ 4-1/2" O.D. Continuous-flight Auger COMPLETION DEPTH: 35.0
SAMPLER(S): 2" 0.D. Split-barrel Sampler
+ E E E S = NATURAL CONGISTERCY INDRY
g = % % = g DESCRIPTION T < BATURAL worsToen contene| TEST
& & e X
_QO‘" E il é it APLASTIC LIMITAI.I gIp LIMIY RESULTS
ViELT TOPSOIL - 12 INCHES 10— 203040
i *, By FILL:- Very-loose brown fine fo coarse sand, trace fine == T HeS
151 €8 1, gravel, frace silt, calcareous, organic, fibrous, contains NESER I ISR R
1| shells/coral.
z
' s s
! Vo 202 I?
"
i L
S
Y —] 3 i T
i e2e L ip 4 1y \
|
i
|
4 lzl :
E N . 1
B '3
- Vol
| Soft to medium-stift gray mottled with brown silty clay,
v {race fine to medium sand, contains few silt seams.
595 | = 5 l2 oL : H=0.5-1.0
- ! s Loose to medium-dense gray silt, trace fine to medium '
; o sand, contzins few silty clay seams. ,
V593 6 Is/
| qf - 25 3,
i 5
/589 7 I3’
2 0¥ 1 an - 5 / §
. . 7
5 2
/_.gﬁ.%_ﬂ.- 35 - 8 I ’2 _____________________________
Is
& |
2l 40
o
.8
&
B
o é‘ 4‘??!ATERLEVEL- Y 15 Y T : SYMB;C;L-S-US-EIIJ o reTeaTs TeS RESOLTS
B wATmNOTE - Sheonrith conl cpsimars | - ORIT 0N VRIGHT. e
= DATE: 6/06/05 L R ron GURVES | D - RELATIVE DENSITY (3}






TOG OF BORING NO. B-6 Page 1 of 1
c CASTALIA STATE FISH HATCHERY
~ ERIE COUNTY, OHIO

ELEVATION: 6184/~ DATE: 6/7105
COMELETION DEPTH: 25.0°

LOCATION: See Plate 2 of Appendix
DRILLING METHOD: _ 4-1/2" 0.D. Continuous-flight Auger
SAMPLER(S): 2" O.D. Split-barrel Sampler

RATURAL CONSISTENCY INDEX

s K 2 .
B ] = . TEST
E é § g E % é} DESCRIPTION T _ATURAL ROTETURE CONIENT RES LTS
Vel s -QO dE - & prasric LIMrT < LIQUID LM
N TOPSOIL - 6 INCHES 020 3040 ——
: 1 4 Miedium-stit o stiff brown silty clay, some fine to T T T e e 154175
it /5 | coarse sand, trace fine gravel, few roots, organic, e
e / I e o
3hcalcareous. : =
Soﬁtomedium—sﬁﬁ'graymoﬁledwithbromsﬂty olay, [
541, B trace fine to coarse sand. T L] B02505
L/jé/.f'z_ 'I’; o SIS I N NI I
1 K
o 3 hlf H=0.25-0.75
V28 110 ] ,
7 o3 4 i3 1y _ . H=0.5-0.75
15 ! 4 Toose to medium-dense gray silt, interbedded with gray
silty clay, trace fine to mediurn sand.
Vg 5 i?;
£99 i—5 4f7

577 s W | _ =
25 i B —

- Encountered water at 3.0'.
- 30 -
(35
- ¥R
=
3
=
o
.. A
- = =
g_ 45 7 v T STE0LS USED 70 TNDICATE. o s
2| WATERLEVEL: = 3.0 = = G — GRADATION SEE H - PENETROMETER (tsf)
8l WATERNOIE: Q — UNCONFINED COMPR|  spoppars | W - UNIT DRY WETGHT (Dcf)
' SOTRa T - TRIAKIAL COMPR {pe
= DATE: 7 % ~ COFSOT.IDATION CURVES | D - RELATIVE DENSITY (%)






LOG OF BORING NO. B-7 Page 1 of 1
CASTALIA STATE FISH HATCHERY
ERIE COUNTY, OHIO
LOCATION: See Plate 2 of Appendix ELEVATION:  §18+/-  DATE 67105
DRILLING METHOD:  4-1/2" O.D. Continuous-flight Auger COMPLETION DEFTH: 25.0°
SAMPLER(S): 2" O.D. Split-barrel Sampler
3 5] g [T NATURAL CONSISTENCY INDEX
g I3 % g é & DESCRIPTION < _NBTURAL WotsTong comtens| TEST
B =X,
Ak g < B . ~ = RESULTS
R A v w| v B PLASPIC LIMI?-—1100TD LIMIT
VEnT 0 \ TOPSOIL - 5 INCHES T 10203040
i I1 Very-Ipose to loose brown fine to coaise sand, "and”
s - 1y ; silty clay, trace fine gravel, few roots, organic.
2 Medium-stif to stiff brown mottled with gray silty clay,
trace fine to medium sand, few roots, few organics; few
-5 1 2 l1 A silt seams. H=0.5-1.0
AN faly
Loose to medium-dense gray silt, interbedded with silty
5 clay, trace fine to mediums and.
v 3 I f
L0 4
5
v e 4 l4!
Loz I 15 - 5 /
6
2
o 5 ' i
I 20 4 2 /
3
. 1
5§93 6 Iy
- 25 S T st et
3
- Encountered water at 7.5,
L 30 -
- 35 .
2}
S_ 40 N
Q
=
[¥]
A
§_45 - T L. .— -.: L. - - N
. g WATER LEVEL: g ! 1 G-GRADA??%OLS USED TO INDICATE TEST RESULTS
8] WATERNOTE: G ~ UNCONFINED COMPR SEE | # - PENETROMETER (taf)
- NATE: §rnmoal cowen | SGeRnC® | § D Ramarive SanetTy )






. LOG OF BORING NO. B-8 Page 1 of 1
CASTALIA STATE FISH HATCHERY
ERIE COUNTY, OHIO
LOCATION:  See Plate 2 of Appendix ELEVATION: 616+~ DATE: 6/7/103
DRILLING METHOD: _ 4-1/2" O.D. Continuous-flight Auger COMPLETION DEPTH: 25.0'
SAMPLER(S): - 2" 0.D. Split-barrel Sampler
EEEEE: R oat, HorSroRy comeRr|  TEST
BEZEEE R DESCRIPTION S
a < B z ,_/ RESULTS
NoTTe g1 0 A =] . — _PI:ASTI'C ‘LIM.I':i‘ L.!"I _UID I-IHI'I
N TOPSOIL - 6 INCHES 102030 Al
1 2 FILL:. Very-loose to loose brown fine to coarse sand, I R :
V(3.8 /4 , | trace silty clay, few roots, contains shell pieces, organic,
- 3| calcarecus.
v 1o | 5 72 IS/ﬂl ‘ .
! 1 Sof to medium-stift gray mottled with brown silty clay,
trace fine to coarse sand, many silt seams. .
s s me-—=— — cxsmmau Bl
-10- 1[
) 3
l/ Golf )
[ Very-loose to loose gray silt, interbedded with silty clay,
R trace fine to medium sand.
Vo 4 l /
2 115 ] 2
5
/596 5 Ill
-20 1 L
3
' eo . B | =5
Ly R I bt e —
1 s
- Encountered water at 3.0'.
n 30 -
- 35 y
TR
8
8
A
'%‘. 45' i T B R
1l v v T STRROLE USSD T0 INDICATE TEST RESULTS
Z| WATERLEVEL: * 2.7 - £ =
8 waTErNOTE: § - GRCONFTNED COUPR SEPARATE | W- ﬁfggrm%?ﬁ;sacﬂ
- naTR 607105 T IR oA cURvES | D~ RELATIVE DENSITY (%)






4 | A
SUMMARY OF LABORATORY TEST RESULTS ,
GRADATION COMPACTION TRIAXIAL DIRECT SHEAR ﬁ 8 ig HW 1%[ PERMEABILIITY % L éls-l g
el IR P RV R N PR S IR LS iR R
Gin SERE RN A AL Tt R IR AR S 2
BORING Me|wo el el g | &S| a |y eraasla | h A lEE|glav8 Elgli|itn Y P18
Id. . & o n a i 51 |litk glglifu 1C 1l l} B § B
v r 8 T € . n én & . n xi\ - vih
2 t d d s = g [ ElL
% | % | % | % * SEE INDIVIDUAL TEST CURVES _ PCF % G
B-2 2425 | 28 |20 171 3 | = | = ' '
B-3 525 | 23 |33 |18 15
B-5 525 ' 8.70
B-8 925 |29 | 36| 17 | 19
|
g
=
: , . PROJECT. CASTALIA STATE FISH HATCHERY
' UMMARY - STANDARD LOCATION ERIE COUNTY, OHIO
ELBBCM TESTING Y-85 AND JOB NO. 01109256.000 DATE 7/8/05 y






ETALVId

U.S. SIEVE OPENING IN INCHES | U.S, SIEVE NUMBERS { HYDROMETER A
3213 134 12 4 200
50 "
TN
O

80 \\
p N
E 70 -
c M,
N N
T
F 50
1 \
N
E 40 \
R
B \\
y
w E&\o
B 20
i
G
H 10
T

0 ' . ! X
11,000 100 1 G SI7E IN MILLIVETERS 0.1 0.0 0.001

GRAVEL . SAND |
| | BOULDERS | COBBLES|— e S VEL o T i ! i SILT OR CLAY |

Specimen Identification = Depth
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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 file 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 surficial 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 Surficial 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-specific
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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		Seismic Investigation of the Castalia State Fish Hatchery

		 

		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.

		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.
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