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Executive Summary 

The Big Walnut Sanitary Trunk Extension Phase 2 (BWSTE2) project is located in north-eastern Franklin County Ohio, 
to the east of Hoover Reservoir. The Project area is bounded by Lee and Schott Roads to the west, Central College 
Avenue to the south, Harlem Road to the east, and the Franklin/Delaware County line, which runs partially along 
Smothers Road, to the north. 

The purpose of this geotechnical exploration program is to provide subsurface and geotechnical/geologic test 
information. This program includes data collected during the preliminary and final Geotechnical Data programs.  

Fourteen borings were performed for Phase 1 of the Big Walnut Sanitary Trunk Project, that are applicable to the 
current alignment, and are provided in Appendix B.  

A total of 46 borings were performed for this Phase 2 exploration program along the tunnel alignment. Of these, 34 
were exploratory borings along the proposed tunnel alignment, and 12 were advanced for the purpose of installing 
Observation Wells at some of the proposed tunnel shaft sites, for further hydraulic testing. Soil sampling from the 
ground surface was performed within some borings and, where performed, collected at 2.5 feet intervals down to top 
of bedrock. Bedrock coring (NQ- and HQ-sized rock core) was used to secure samples of the bedrock penetrated in 
each boring. 

Hazardous gas emissions had previously been detected within the headspace around some of the borings performed 
during the previous BWSTE1 exploration and construction. As part of this investigation, each drilling team utilized an 
Altair 5x Gas meter to collect gas level readings after each bedrock core run in the headspace above the casing and 
recorded the results immediately. The selected monitoring device detects Combustible (COMB), Oxygen (O2), Carbon 
Monoxide (CO), and Hydrogen Sulfide (H2S) levels.  

Table 3.1 summarizes the surveyed locations of each boring, provides the total boring depths and whether or not gas 
was encountered. It should be noted that Boring B-21 encountered an equipment malfunction during drilling at a depth 
of 112.5 feet, therefore an offset hole (labeled Boring B-21A) was performed approximately 3 feet from the original 
Boring B-21 location. Boring B-21A is considered a continuation of Boring B-21 with sampling beginning at a depth of 
112.5 feet. The subsurface logs for B-21 and B-21A have been combined and labeled as Boring B-21. Boring B-21B 
was performed at another location and is considered independent of Boring B-21. 

Laboratory testing of soil and bedrock samples was performed on samples collected from the borings during the final 
exploration phase. No laboratory testing was performed on samples collected during the preliminary exploration phase. 
These tests included Specific Gravity, Moisture Contents, Unit Weights, Atterberg Limits, Sieve & Hydrometer, 
Classifications, and Triaxial testing for soil samples and Unconfined Compressive Strength (UCS), Point Load Testing, 
Uniaxial Compressive Strength, Swelling, Slake Durability (SDI), Splitting Tensile, SINTEF, Cerchar Abrasion, and 
Petrography for bedrock samples. 
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1.0 INTRODUCTION 

The purpose of this geotechnical exploration program is to provide subsurface and geotechnical/geologic test 
information for use in design and construction of the Big Walnut Sanitary Trunk Extension Phase 2 (BWSTE2) tunnel 
and shafts, which is an extension of the existing Big Walnut Sanitary Trunk Phase 1. This exploration program 
investigated the geotechnical and hydrogeological conditions along the alignment of the tunnel. 

1.1 PROJECT LOCATION AND DESCRIPTION 

The Big Walnut Sanitary Trunk Extension Phase 2 (BWSTE2) project is located in north-eastern Franklin County Ohio, 
to the east of Hoover Reservoir. The project site is in an area bounded by Lee and Schott Roads to the west, Central 
College Avenue to the south, Harlem Road to the east, and the Franklin/Delaware County line, which runs partially 
along Smothers Road, to the north. 

2.0 GEOLOGY 

2.1 GENERAL 

The Physiographic Regions of Ohio Map, (ODNR, 1998), provided in Appendix A, indicates that the project site is 
located within the Galion Glaciated Low Plateau, a portion of the Central Lowland Till Plains. This area is described as 
having moderate relief and consists of a rolling upland transition between the gently rolling till plains and the hilly 
Glaciated Allegheny Plateau. The ground surface elevation in the physiographic region ranges from approximately 800 
to 1,400 feet above Mean Sea Level (MSL). The geology is described as medium to low-lime Wisconsinan-age till over 
Mississippian-age shales and sandstones. 

2.2 SOIL GEOLOGY 

The Shaded Drift-Thickness Map of Ohio (ODNR, 2004), provided in Appendix A, shows a drift (glacial deposited soils) 
thickness ranging from less than 20 feet to more than 160 feet in the project vicinity. A branch of the prehistoric Teays 
River system is located just east of the project location, which influences the drift thickness and bedrock elevation in 
the area. 

The mapped Quaternary Geology of Ohio Marion Quadrangle (ODNR, 1993), provided in Appendix A, indicates the 
project area is underlain by Late Wisconsinan age Late Woodfordian ice deposits. The silty loam till in the area is 
described as ground and end moraines, which consist of flat to gently undulating deposits of glacial soils. 
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2.3 BEDROCK GEOLOGY 

The Shaded Bedrock Topography Map of Ohio (ODNR, 2003) indicates that the bedrock topography in the project 
vicinity ranges from elevation 700 to 1,000 feet above MSL, depending on the proximity to the Teays River basin. The 
Bedrock Topography Map of the New Albany Quadrangle, Ohio shows a bedrock elevation in the project area ranging 
from 825 to 975 feet above MSL, with steep grade changes, indicating a buried valley. The valley is shown to run in a 
southwest to northeast direction, cutting across the area of interest. 

The Bedrock Geology of the New Albany Quadrangle, Ohio map (ODNR, 1995) shows four major bedrock units in the 
project vicinity. The bedrock units consist of the Sunbury Shale, Berea Sandstone, the Ohio Shale and the Bedford 
Shale. The Sunbury Shale is described as carbonaceous shale, black to brownish-black in color, very thin bedded, with 
a thickness of 30 to 90 feet. The Berea Sandstone is described as greenish gray, thin to thick bedded, very fine-grained 
sandstone. Cross bedding is observed in this unit. The sandstone unit ranges in thickness from 15 to 115 feet.  The 
Ohio Shale is a carbonaceous shale, brownish black to greenish gray in color, which weathers to brown.  The Ohio 
Shale is also laminated to thin bedded, with siderite concretions in the lower portions. The thickness of the Ohio Shale 
is listed as 250 to more than 500 feet. The Bedford Shale is described as gray, green, red and brown clayey shale with 
sandstone possible in the upper 25 feet of the unit. The Bedford Shale is also laminated to medium bedded and 80 to 
155 feet thick.   

3.0 SUBSURFACE EXPLORATION 

3.1 EXPLORATION PLAN 

Fourteen borings were performed for Phase 1 of the Big Walnut Sanitary Trunk Project, that are applicable to the 
current alignment, and are provided in Appendix B. 

A total of 46 borings were performed for the Phase 2 exploration program along the tunnel alignment. Of these, 34 
were exploratory borings along the proposed tunnel alignment, and 12 were advanced for the purpose of installing 
Observation Wells at some of the proposed tunnel shaft sites, for further hydraulic testing. Resource International Inc. 
(Rii) and Stantec Consulting Services Inc. performed the drilling, sampling, and in-situ testing of the borings. The 
borings were advanced using, either, ATV, track, or truck mounted CME 55 drill rigs. To advance through the 
overburden between sampling attempts, 4.25-inch Hollow Stem Augers (HSA) or mud rotary advancing 4-inch, 6-inch, 
or 8-inch casing was used until bedrock was encountered. Standard Penetration Test (SPT) soil sampling techniques 
were attempted within most borings at intervals of 2.5 feet to a depth that encountered the top of bedrock. Bedrock 
coring (NQ- and HQ-sized bedrock core) was used to obtain samples of the bedrock in each boring. 

The soil and bedrock materials encountered were logged in the field by a geologist or geotechnical engineer. The soils 
encountered were visually classified using the Unified Soil Classification System (USCS) visual descriptors, describing 
soil type, consistency, and moisture content. The bedrock core samples were visually described and included bedrock 
type, color, bedding, jointing, fracturing, weathering, and hardness or strength in general accordance with US Army 
Corps of Engineers guidelines. All samples collected were photographed and retained. Samples identified in the field 
as good representation of the predominant bedrock units were wrapped with plastic wrap to preserve moisture and 
reduce potential for damage during transport. 
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Downhole hydraulic pressure testing (Packer Testing) was performed in each tunnel boring (not including Observation 
Well borings) in the proposed tunnel zone and other locations. Either double or single packer systems were used, and 
are noted on the results provided in Appendix D. 

Hazardous gas emissions had previously been detected within the headspace around some of the borings performed 
during the previous BWSTE1 exploration and construction. As part of this investigation, each drilling team utilized an 
Altair 5x Gas meter to collect gas level readings after each bedrock core run in the headspace above the casing and 
recorded the results immediately. The selected monitoring device detects Combustible (COMB), Oxygen (O2), Carbon 
Monoxide (CO), and Hydrogen Sulfide (H2S) levels. 

After drilling, all boring locations were surveyed by Stantec, and the coordinates were recorded using the Ohio State 
Plane Coordinate System, South Zone, NAD 83 (2011). The locations of the borings are shown on the Construction 
Plans. Subsurface Logs of each boring, separated into soil logs and bedrock logs where applicable, are provided in 
Appendix B. Bedrock Core photos of the recovered bedrock samples from each boring are provided in Appendix C. For 
reporting purposes on the individual boring logs, the elevations of the respective soil/bedrock strata are truncated to 
one-tenth of a foot. This practice represents standard geotechnical engineering industry reporting practice, even though 
the top of boring elevation has been surveyed to one-hundredth of a foot. 

Table 3.1 summarizes the surveyed locations of each boring, provides the total boring depths and whether or not gas 
was encountered. It should be noted that Boring B-21 encountered an equipment malfunction during drilling at a depth 
of 112.5 feet, therefore an offset hole (labeled Boring B-21A) was performed approximately 3 feet from the original 
Boring B-21 location. Boring B-21A is considered a continuation of Boring B-21 with sampling beginning at a depth of 
112.5 feet. The subsurface logs for B-21 and B-21A have been combined and labeled as Boring B-21. Boring B-21B 
was performed at another location and is considered independent of Boring B-21. 

Select soil samples recovered from the borings were subjected to laboratory testing, such as Specific Gravity, Moisture 
Contents, Unit Weights, Atterberg Limits, Sieve & Hydrometer, Classifications, and Triaxial testing. The results of this 
testing are provided in Appendix I. Testing for pH level was conducted on select samples from the bedrock coring in 
Boring B-21b. Measured pH levels ranged from 3.22 to 3.90. The results of this testing are provided in Appendix J.10. 
Bedrock core testing on selected bedrock core specimens included Unconfined Compressive Strength (UCS), Point 
Load Testing, Uniaxial Compressive Strength, Swelling and Slake Durability (SDI), Splitting Tensile, SINTEF, Cerchar 
Abrasion, Petrography and Direct Shear. Results of this testing are provided in Section 4.0 of this report and in Appendix 
J.
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Table 3.1 – Summary of Exploration Boring Locations 

Boring Number Northing (feet) Easting (feet) 
Ground Surface 
Elevation (feet) 

Total Depth 
(feet) 

Gas 
Encountered 

 

B-1 770411.0 1871174.3 988.1 185.0 No  

B-7 770475.8 1870428.3 981.3 180.5 No 

B-8 771119.7 1871286.6 1001.9 200.0 No 

B-9 771353.5 1870200.9 990.1 196.5 YES 

B-12 772094.7 1871551.2 1002.0 205.9 No 

B-13 772280.1 1870531.7 998.8 998.8 YES 

B-14 774538.3 1870699.6 1008.3 205.5 YES 

B-15 775783.7 1872072.1 999.6 30.6 No 

B-16 765717.08 1867720.90 972.96 165.0 YES 

B-17 765509.58 1867882.29 975.05 180.6 No 

B-18 766286.18 1867931.27 981.58 185.0 No 

B-19 770427.09 1869729.59 979.15 181.9 No 

B-20 770396.65 1870020.40 971.23 178.0 YES 

B-21 770485.47 1870321.25 982.25 181.0 No 

B-21B 770491.40 1870397.40 981.10 198.0 No 

B-22 770624.15 1870496.07 984.12 191.4 YES 

B-23 770750.30 1870608.79 986.36 191.6 YES 

B-24 770882.43 1870689.14 989.58 196.4 YES 

B-25 771204.58 1870990.86 994.96 177.1 No 

B-27 772241.96 1870829.99 1001.22 205.6 YES 

B-29 773222.16 1870882.59 1001.23 207.5 YES 

B-31 774284.12 1871319.50 1004.68 210.7 No 

B-33 774854.53 1871939.79 1009.72 213.5 No 

B-36 770523.47 1870425.40 982.40 173.1 No 

B-38 765381.76 1867703.37 972.35 176.8 YES 

B-39 770630.79 1870523.76 984.42 177.5 No 

B-40 775913.83 1872010.50 998.10 210.5 No 

B-41 767330.49 1867972.33 993.73 190.2 No 

B-42 768481.12 1867912.79 995.53 192.0 YES 

B-43 769180.47 1868244.95 990.64 186.6 YES 

B-44 770202.80 1869013.26 996.08  192.0 YES 

B-45 770487.16 1870204.22 979.51 171.9 No  

B-46 770414.60 1869921.69 973.25 170.5 No  

B-47 768800.40 1867981.90 996.30 185.8 No  
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Table 3.1 - Summary of Exploration Boring Locations (Cont.)  

Boring Number Northing (feet) Easting (feet) Ground Surface 
Elevation (feet) 

Total Depth 
(feet) 

Gas 
Encountered 

 

OW-1 765355.38 1867749.31 972.96 40.0 No  

OW-2 765355.83 1867800.77 973.80 40.0 No  

OW-3 765429.43 1867712.88 974.72 60.0 No  

OW-4 765405.74 1867712.45 973.77 55.0 No  

OW-5 765355.01 1867707.54 972.38 55.0 No  

OW-6 770656.52 1870522.58 984.96 105.0 No  

OW-7 770531.91 1870523.02 982.90 105.5 No  

OW-8 770606.18 1870495.61 983.73 125.0 No  

OW-9 770603.83 1870423.36 983.02 105.0 No  

OW-10 775857.83 1872007.51 997.89 56.0 No  

OW-11 775837.89 1871961.41 999.06 55.0 No  

OW-12 775983.20 1871981.11 1000.36 56.0 No  

FTB-19 765297.3 1867707.9 971.8 165.2 No 

B
W

STE I B
O

R
IN

G
S

 

FTB-20 768827.2 1868024.1 996.8 189.0 YES 

FTB-21 769756.5 1868747.0 996.8 180.0 No 

FTB-22 770321.5 1869158.9 991.2 165.0 No 

FTB-23 770456.3 1869385.6 984.0 170.0 YES 

FTB-24 765996.5 1867748.0 974.2 168.5 YES 

FTB-25 766896.7 1867802.0 985.3 177.8 No 

FTB-26 767692.3 1867849.8 991.5 182.5 YES 

FTB-30 770461.4 1869375.6 984.4 39.0 No 

ATB-5 768385.8 1867732.4 996.3 200.4 No 

 

3.2 IN-SITU TESTING 

Downhole Packer Testing (ASTM D4630) was performed during the drilling program within selected bedrock intervals, 
with the results used for estimating permeability of the jointed bedrock mass within the proposed tunnel zone. Both 
single (performed as the boring is advanced) and double (performed after completion of bedrock coring) packer systems 
were used and noted on the testing results. These tests were typically conducted within the bottom 50 feet of bedrock 
obtained at each boring. Water pressures (within the packer units) of 15 psi, 30 psi, and 45 psi were used to conduct 
each test, and the total flow volume was recorded at intervals of 0, 1, 2, 5, 10, 15 minutes for every packer test 
conducted. For Borings B-38, B-39, and B-40, Packer Testing was conducted over the total depth of encountered 
bedrock until the pre-determined boring termination depth was reached. In zones where the packer testing could not 
be successfully completed (typically due to lack of packer seal), the test attempt is noted, and the testing advanced to 
the subsequent test interval. The results of these tests are included in Appendix D. 
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3.3 MONITORING WELL INSTALLATION 

Upon reaching the predetermined boring termination depths, the boreholes were, either, backfilled with cement-
bentonite grout or a Monitoring Well was installed. The Monitoring Wells were either open borehole with a Shale Trap 
or a standpipe with a slotted/screened PVC interval. Screened well zones were selected by the tunnel designer 
MarshWagner, and all wells were finished with flush mount covers and embedded in concrete pads. Logs of the 
Monitoring Wells installed were developed and show construction details and elevations. The Monitoring Well logs are 
provided in Appendix E. Monthly groundwater level readings in all of the monitoring wells are provided in Appendix F. 

A total of 12 observation wells were installed. These observation wells were used in conjunction with larger diameter 
wells, installed by a certified well driller, for large scale pump testing at three (3) sites. 

3.4 SLUG TESTING 

After installation of the monitoring wells at Borings B-38, B-39 and B-40, slug testing was performed at all three 
locations. The slug testing was performed in general accordance with ASTM D4044/D4044M-15 “Standard Test Method 
(Field Procedure) for Instantaneous Change in Head (Slug) Tests for Determining Hydraulic Properties of Aquifers”. 

A 5-foot length of 1-inch ID PVC pipe filled with clean filter sand was used as the mechanical slug. This mechanical 
slug was attached to a rope to manually insert and remove from the well. A Solinst F65/M20 Levelogger Pressure 
Transducer was used to digitally record the change in water head during the slug tests at select time intervals 
appropriate for the aquifer conditions. The static water level and early changes in water head during the test were also 
manually measured and recorded. 

At each shaft location, the static water level was initially measured to determine the required depths of the pressure 
transducer and slug to be set. The pressure transducer was set at reading intervals of 0.125 seconds or 60 seconds, 
based on the predicted response of the aquifer, using the software program “Levelogger 4.3.2”. The pressure 
transducer was then placed in the well. Five minutes after setting the pressure transducer at the desired depth, the slug 
was inserted at a steady rate that was not too fast to cause “noise” in the water level readings but not too slow to allow 
the head to drop faster than the slug insertion rate. It should be noted that this was likely not achieved for Boring sites 
B-38 and B-40, where the head recovery was faster than the rate of slug insertion based upon review of the data. The 
water level was then manually measured with the water level reader until the head returned to at least 90 percent of 
the initial static groundwater readings prior to testing. Once this occurred, the slug was removed from the well at the 
same rate, and the same procedures were applied during the recovery period. The field data was then input to the 
AQTESOLV software, which utilizes both the Bower-Rice and Cooper-Bredehoeft-Papadopulos (CBP) methods to 
determine Hydraulic Conductivity (ft/s), Transmissivity (ft2/s) and Storage Coefficient (ft-1) values of the aquifers.  All 
three shaft locations were modeled as confined aquifers, due to the clay cap that was identified in each boring location 
at shallow depths. 
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3.5 PUMP WELLS 

As part of the hydrogeologic characterization of the project site, a Constant Rate Test (CRT) was conducted at Boring 
sites B-38, B-39 and B-40 using large diameter pump wells, with a network of observation wells to measure aquifer 
response. The CRT test obtains more reliable in-situ data of the aquifer response at high pumping rates, which can be 
used to determine hydraulic conductivity, recharge, and other hydrogeologic data of the site. A summary of the testing 
program and results are provided in Appendix H. 

4.0 LABORATORY TESTING 

4.1 SOIL TESTING 

Testing of select soil samples was conducted on the collected samples (disturbed and undisturbed) from various 
borings. The testing included classifying the soils encountered and measuring strength using both Unconsolidated-
Undrained (UU) and Consolidated-Undrained (CU) Triaxial testing. The results of the classification testing are 
summarized in the subsurface logs provided in Appendix B, and data sheets from all soil testing performed during 
Phase 2 investigations are included in Appendix I. Phase 1 data has been included, but data sheets were completed 
under a separate Contract and are unavailable. 

4.2 BEDROCK TESTING 

Laboratory testing was performed on select bedrock core samples to characterize the encountered bedrock regarding 
strength, durability, mineralization, and other factors pertinent to tunnel construction. The following tables (Table 4.1 
through Table 4.12) summarize the locations of the testing, along with the results of the tests. The results of the testing 
are provided in Appendix J. Phase 1 data has been included, but data sheets were completed under a separate Contract 
and are unavailable. 
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Table 4.1 – Summary of Uniaxial Compressive Strength Testing (ASTM D7012) 

Boring Core Run ID Depth (ft) Bedrock Type Uniaxial Compressive Strength (PSI) 

B-16 HQ-6 148.1-148.9 Bedford Shale 8848 

B-16 HQ-7 153.8-154.4 Ohio Shale 7450 

B-18 NQ-11 149.2-150.0 Bedford Shale 6784 

B-18 NQ-13 162.0-163.1 Ohio Shale 9812 

B-20 HQ-15 148.2-149.5 Ohio Shale 9950 

B-22 HQ-5 151.6-152.5 Ohio Shale 8208 

B-27 NQ-17 166.7-167.3 Bedford Shale 2427 

B-31 HQ-19 173.0-174.3 Ohio Shale 12220 

B-39 HQ-6 154.6-155.5 Bedford to Ohio Shale 8594 

B-39 HQ-7 158.7-159.5 Ohio Shale 5675 

B-40 HQ-5 27.8-28.8 Berea Sandstone 16562 

B-40 HQ-28 141.1-141.9 Bedford Shale 2553 

B-40 HQ-30 153.6-154.3 Ohio Shale 5861 

B-40 HQ-32 163.2-164.1 Ohio Shale 7432 

B-41 HQ-33 170.0-171.0 Ohio Shale 5745 

B-44 NQ-19 165.0-166.3 Ohio Shale 11013 

B-46 HQ-20 149.3-150.1 Ohio Shale 6366 
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Table 4.2 – Summary of Unconfined Compressive Strength Testing (ASTM D7012-14) 

Boring 
Core Run 

ID 
Depth (ft) Bedrock Type 

Unconfined Compressive 
Strength (PSI) 

B-16 HQ-6 147.7 - 148.1 Bedford Shale 2552 

B-16 HQ-7 153.3 - 153.8 Ohio Shale 3738 

B-18 NQ-12 152.7 - 153.0 Bedford Shale 4621 

B-18 NQ-13 161.0 - 161.4 Ohio Shale 5621 

B-20 HQ-16 152.8 - 153.2 Ohio Shale 8405 

B-23 HQ-11 156.6 - 157.0 Bedford Shale 9090 

B-23 HQ-13 170.6 - 171.1 Ohio Shale 8732 

B-27 NQ-18 176.7 - 177.0 Ohio Shale 8796 

B-29 NQ-18 170.3 - 170.7 Ohio Shale 4088 

B-31 NQ-20 174.8 - 175.2 Ohio Shale 4416 

B-33 NQ-18 178.8 - 179.2 Ohio Shale 5232 

B-39 HQ-6 154.2 - 154.6 Bedford Shale 3770 

B-39 HQ-7 158.3 - 158.7 Ohio Shale 2808 

B-40 HQ-5 26.5 - 26.9 Berea Sandstone 11047 

B-40 HQ-16 82.8 - 83.2 Interbedded Bedford SH and Berea SS 1157 

B-40 HQ-26 134.5 - 134.9 Bedford Shale 1817 

B-40 HQ-28 141.9 - 150.3 Bedford Shale 1418 

B-40 HQ-30 153.0 - 153.4 Ohio Shale 3261 

B-40 HQ-32 162.5 - 162.9 Ohio Shale 5437 

B-41 HQ-32 168.5 - 169.0 Ohio Shale 3691 

B-42 NQ-18 171.1 - 171.5 Ohio Shale 4010 

B-43 HQ-20 164.3 - 164.7 Ohio Shale 8906 

B-44 NQ-19 168.2 - 168.6 Ohio Shale 3356 

B-46 HQ-20 148.8 - 149.2 Ohio Shale 3544 

B-47 HQ-2 14.9 – 15.3 Berea Sandstone 9826 

B-47 HQ-3 18.1 – 18.5 Berea Sandstone 10020 

B-47 HQ-18 94.5 – 94.9 Interbedded Berea SS and Bedford SH 1860 

B-47 HQ-28 143.6 – 144.0 Bedford Shale 1554 

B-47 HQ-34 167.3 – 167.7 Ohio Shale 4269 
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Table 4.3 – Summary of Unconfined Compressive Strength Testing (ASTM D2938) 

Boring 
Core Run 

ID 
Depth (ft) Bedrock Type 

Unconfined Compressive 
Strength (PSI) 

FTB-19 NQ-2 55.2-65.2 Bedford Shale 5305 

FTB-19 NQ-6 95.2-105.2 Bedford Shale 5671 

FTB-19 NQ-10 135.2-145.2 Bedford Shale 6243 

FTB-19 NQ-11 145.2-155.2 Ohio Shale 11327 

FTB-20 NQ-3 19.0-24.0 Berea Sandstone 14622 

FTB-20 NQ-6 40.0-50.0 Bedford Shale 10002 

FTB-20 NQ-9 70.0-80.0 Bedford Shale 2270 

FTB-20 NQ-13 110.0-120.0 Bedford Shale 6498 

FTB-20 NQ-15 130.0-140.0 Bedford Shale 7511 

FTB-20 NQ-18 160.0-170.0 Ohio Shale 10093 

FTB-20 NQ-19 170.0-175.0 Ohio Shale 11014 

FTB-21 NQ-18 161.5-171.5 Bedford Shale 7511 

FTB-21 NQ-19 171.5-181.5 Ohio Shale 10196 

FTB-22 NQ-15 130.0-140.0 Bedford Shale 9153 

FTB-22 NQ-16 140.0-150.0 Bedford Shale 4232 

FTB-22 NQ-17 150.0-160.0 Bedford Shale 6498 

FTB-22 NQ-18 160.0-165.0 Ohio Shale 9728 

FTB-23 NQ-4 30.1-40.1 Berea Sandstone 11338 

FTB-23 NQ-7 60.1-70.1 Bedford Shale 4969 

FTB-23 NQ-10 90.1-100.1 Bedford Shale 7028 

FTB-23 NQ-13 120.1-130.1 Bedford Shale 4994 

FTB-23 NQ-15 140.1-150.1 Bedford Shale 5246 

FTB-23 NQ-16 150.1-160.1 Ohio Shale 9432 

FTB-23 NQ-17 160.1-170.1 Ohio Shale 7572 

FTB-24 NQ-8 148.5-158.5 Ohio Shale 10175 

FTB-24 NQ-9 158.5-168.5 Ohio Shale 7170 

FTB-25 NQ-15 147.8-157.8 Bedford Shale 10658 

FTB-25 NQ-16 157.8-167.8 Ohio Shale 12397 

FTB-26 NQ-16 153.0-163.0 Bedford Shale 12281 

FTB-26 NQ-17 163.0-173.0 Ohio Shale 11816 
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Table 4.4 – Summary of Splitting Tensile Strength Testing (ASTM D3967) 

Boring Core Run ID Depth (ft) Bedrock Type Splitting Tensile Strength (PSI) 

B-16 HQ-6 147.4 Bedford Shale 483 

B-16 HQ-7 155.4 Ohio Shale 454 

B-18 NQ-12 151.1 Bedford Shale 894 

B-18 NQ-13 163.5 Ohio Shale 686 

B-19 HQ-18 150.0 Ohio Shale 454 

B-20 HQ-13 136.8 Bedford Shale 667 

B-20 HQ-15 149.9 Ohio Shale 686 

B-21 NQ-10 161.7 Ohio Shale 859 

B-22 HQ-5 154.2 Bedford Shale 601 

B-24 HQ-15 160.7 Bedford Shale 556 

B-24 HQ-16 164.8 Ohio Shale 618 

B-27 NQ-16 160.7 Bedford Shale 465 

B-27 NQ-17 172.4 Ohio Shale 733 

B-29 NQ-18 169.1 Ohio Shale 676 

B-31 HQ-20 175.2 Ohio Shale 865 

B-33 NQ-18 178.3 Ohio Shale 1064 

B-36 HQ-4 159.8 Ohio Shale 469 

B-39 HQ-6 154.0 Bedford Shale 611 

B-39 HQ-7 159.9 Ohio Shale 281 

B-40 HQ-5 26.4 Berea Sandstone 869 

B-40 HQ-16 83.8 Interbedded Bedford SH and Berea SS 310 

B-40 HQ-22 113.2 Bedford Shale 93 

B-40 HQ-26 133.2 Bedford Shale 365 

B-40 HQ-28 144.0 Bedford Shale 343 

B-40 HQ-30 152.9 Ohio Shale 402 

B-40 HQ-32 165.3 Ohio Shale 502 

B-41 HQ-32 169.3 Ohio Shale 419 

B-42 NQ-18 172.0 Ohio Shale 711 

B-43 HQ-21 168.7 Ohio Shale 626 

B-44 NQ-19 167.4 Ohio Shale 692 

B-45 HQ-5 150.9 Bedford Shale 475 

B-46 HQ-20 148.4 Ohio Shale 286 

B-47 HQ-3 17.5 Berea Sandstone 406 

B-47 HQ-12 62.4 Interbedded Bedford SH and Berea SS 225 

B-47 HQ-19 96.9 Bedford Shale 237 

B-47 HQ-28 144.3 Bedford Shale 274 

B-47 HQ-34 170.0 Ohio Shale 365 
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Table 4.5 – Summary of Slake Durability Index Testing (ASTM D4644-08) 

Boring Core Run ID Depth (ft) Bedrock Type Slake Durability Index 

B-16 HQ-6 146.6-147.2 Bedford Shale 96.9 

B-16 HQ-6 149.0-149.5 Ohio Shale 95.8 

B-18 NQ-12 151.9-152.5 Bedford Shale 96.4 

B-18 NQ-13 161.4 - 162.0 Ohio Shale 98.5 

B-19 HQ-18 150.1-150.7 Ohio Shale 98.0 

B-20 HQ-13 135.8-136.7 Bedford Shale 91.7 

B-20 HQ-16 150.7 - 152.0 Ohio Shale 99.8 

B-21 NQ-8 152.4-153.2 Bedford Shale 87.4 

B-21 NQ-9/NQ-10 160.0 - 161.4 Bedford and Ohio Shales 98.0 

B-22 HQ-5 152.5-153.8 Bedford Shale 93.0 

B-23 HQ-11 158.0-159.0 Bedford Shale 95.6 

B-23 HQ-13 166.6 - 167.3 Ohio Shale 99.1 

B-24 HQ-15 159.5-160.5 Bedford Shale 94.1 

B-24 HQ-16 163.4-164.4 Ohio Shale 95.2 

B-27 NQ-16 164.6-165.6 Bedford Shale 94.9 

B-27 NQ-17 171.0-172.3 Ohio Shale 98.2 

B-29 NQ-18 171.3-172.0 Ohio Shale 98.5 

B-31 NQ-20 176.0-176.9 Ohio Shale 98.9 

B-33 NQ-18/NQ-19 180.1-181.5 Ohio Shale 99.1 

B-36 HQ-4 158.5-159.4 Ohio Shale 96.1 

B-38 HQ-12 109.5-110.5 Bedford Shale 27.8 

B-39 HQ-7 155.5-156.3 Ohio Shale 96.8 

B-39 HQ-7/HQ-8 160.1-161.2 Ohio Shale 99.1 

B-40 HQ-22 111.5-112.5 Bedford Shale 33.7 

B-40 HQ-26 131.5-132.5 Bedford Shale 68.0 

B-40 HQ-28 140.5-141.1 Bedford Shale 66.0 

B-40 HQ-30 154.3-155.0 Ohio Shale 99.6 

B-40 HQ-33 167.6-168.5 Ohio Shale 99.2 

B-41 HQ-32 167.5-168.5 Ohio Shale 99.2 

B-42 NQ-18 172.6-173.7 Ohio Shale 99.1 

B-43 HQ-21 169.7-170.8 Ohio Shale 98.6 

B-44 NQ-19 168.6-169.8 Ohio Shale 99.1 

B-45 HQ-5 149.5-150.3 Bedford Shale 93.1 

B-46 HQ-20 146.8-147.5 Ohio Shale 98.9 

B-47 HQ-19 96.2 – 96.9 Interbedded Bedford SH and Berea SS 88.0 

B-47 HQ-28 144.7 – 145.3 Bedford Shale 69.2 

B-47 HQ-34 169.3 – 170.0 Ohio Shale 99.2 

FTB-19 NQ-10 135.2-145.2 Bedford Shale 89.1 

FTB-19 NQ-11 145.2-155.2 Ohio Shale 93.2 

FTB-20 NQ-18 160.0-170.0 Ohio Shale 96.0 

FTB-20 NQ-19 170.0-175.0 Ohio Shale 97.8 

FTB-21 NQ-18 161.5-171.5 Bedford Shale 93.1 
  



BIG WALNUT SANITARY TRUNK EXTENSION – PHASE 2 
GEOTECHNICAL DATA REPORT 

      

rjk \\us0247-ppfss01\shared_projects\173409058\geotechnical\pdr 2\report\final3\bwste phase 2 geotechnical data report_final_2019-10-

09.docx 13 

 

Table 4.5 – Summary of Slake Durability Index Testing (ASTM D4644-08) – Continued 

Boring Core Run ID Depth (ft) Bedrock Type 
Slake Durability 

Index 

FTB-21 NQ-19 171.5-181.5 Ohio Shale 95.7 

FTB-22 NQ-17 150.0-160.0 Bedford Shale 91.9 

FTB-22 NQ-18 160.0-165.0 Ohio Shale 96.5 

FTB-23 NQ-15 140.1-150.1 Bedford Shale 94.3 

FTB-23 NQ-16 150.1-160.1 Ohio Shale 94.5 

FTB-23 NQ-17 160.1-170.1 Ohio Shale 97.3 

FTB-24 NQ-8 148.5-158.5 Ohio Shale 96.0 

FTB-24 NQ-9 158.5-168.5 Ohio Shale 93.2 

FTB-25 NQ-15 147.8-157.8 Bedford Shale 96.5 

FTB-25 NQ-16 157.8-167.8 Ohio Shale 97.4 

FTB-26 NQ-16 153.0-163.0 Bedford Shale 94.9 

FTB-26 NQ-17 163.0-173.0 Ohio Shale 98.7 
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Table 4.6 – Summary of Point Load Strength Index Testing (ASTM D5731-08) 

Boring 
Core 

Run ID 
Depth 

(ft) 
Axial (A) or 

Diametral (D) 
Bedrock Type 

Point Load 
Index (Is) (PSI) 

Corrected Point Load 
Index (Is50)1 (PSI) 

B-16 HQ-6 147.4 A Bedford Shale 101.1 121.0 

B-16 HQ-6 147.2 D Bedford Shale 75.8 82.8 

B-16 HQ-7 155.3 A Ohio Shale 100.9 120.7 

B-16 HQ-7 155.0 D Ohio Shale 22.3 24.4 

B-18 HQ-12 150.8 A Bedford Shale 969.7 875.2 

B-18 HQ-12 150.4 D Bedford Shale 175.1 172.0 

B-18 HQ-13 160.4 A Ohio Shale 381.1 342.5 

B-18 HQ-13 160.8 D Ohio Shale 34.6 34.1 

B-19 HQ-19 149.9 A Ohio Shale 103.1 123.3 

B-19 HQ-19 149.6 D Ohio Shale 9.3 10.0 

B-20 HQ-13 137.8 A Bedford Shale 67.0 80.2 

B-20 HQ-13 137.5 D Bedford Shale 49.9 54.6 

B-20 HQ-15 149.7 A Ohio Shale 112.9 135.1 

B-20 HQ-15 150.1 D Ohio Shale 147.1 160.9 

B-21 HQ-10 161.8 A Ohio Shale 147.9 177.0 

B-21 HQ-10 161.5 D Ohio Shale 54.2 54.3 

B-21B PQ-5 157.9 A Ohio Shale 94.6 112.5 

B-21B PQ-5 158.1 A Ohio Shale 88.0 104.4 

B-21B PQ-5 159.9 A Ohio Shale 95.2 114.8 

B-21B PQ-5 161.9 A Ohio Shale 106.4 127.3 

B-22 HQ-5 154.1 A Bedford Shale 101.0 120.8 

B-22 HQ-5 153.9 D Bedford Shale 30.4 32.8 

B-23 HQ-10 155.0 A Bedford Shale 639.9 618.5 

B-23 HQ-10 154.7 D Bedford Shale 239.0 249.7 

B-23 HQ-13 168.9 A Ohio Shale 707.4 679.5 

B-23 HQ-13 169.5 D Ohio Shale 65.9 68.9 

B-24 HQ-15 160.8 A Bedford Shale 185.2 221.7 

B-24 HQ-15 160.5 D Bedford Shale 30.3 32.9 

B-24 HQ-16 164.5 A Ohio Shale 49.4 59.1 

B-27 NQ-16 161.2 A Bedford Shale 160.9 146.4 

B-27 NQ-16 160.9 D Bedford Shale 23.7 23.7 

B-27 NQ-17 174.5 A Ohio Shale 400.0 362.5 

B-27 NQ-17 174.2 D Ohio Shale 34.4 34.7 

B-29 NQ-18 170.2 A Ohio Shale 265.4 242.8 
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Table 4.6 – Summary of Point Load Strength Index Testing (ASTM D5731-08) - Continued 

Boring 
Core 

Run ID 
Depth 

(ft) 

Axial (A) 
or 

Diametral 
(D) 

Bedrock Type 
Point Load 
Index (Is) 

(PSI) 

Corrected Point 
Load Index 
(Is50)1 (PSI) 

B-29 NQ-18 169.9 D Ohio Shale 109.1 109.6 

B-31 NQ-20 175.5 A Ohio Shale 585.2 541.2 

B-31 NQ-20 175.3 D Ohio Shale 29.8 29.9 

B-33 NQ-18 178.6 A Ohio Shale 186.2 222.8 

B-33 NQ-18 178.0 D Ohio Shale 161.0 161.5 

B-36 HQ-4 159.5 A Ohio Shale 90.7 108.5 

B-39 HQ-6 153.8 A Bedford Shale 102.7 122.9 

B-39 HQ-6 153.6 D Bedford Shale 54.6 59.6 

B-39 HQ-7 159.8 A Ohio Shale 28.4 33.9 

B-39 HQ-7 159.6 D Ohio Shale 81.2 88.8 

B-40 HQ-5 26.3 A Berea Sandstone 314.4 376.3 

B-40 HQ-5 26.0 D Berea Sandstone 547.4 597.7 

B-40 HQ-16 83.6 A 
Interbedded Bedford 

Shale/Berea Sandstone 
36.3 43.5 

B-40 HQ-16 83.3 D 
Interbedded Bedford 

Shale/Berea Sandstone 
19.3 21.0 

B-40 HQ-22 112.5 A Bedford Shale 14.9 17.8 

B-40 HQ-22 112.9 D Bedford Shale 13.5 14.8 

B-40 HQ-26 133.1 A Bedford Shale 26.1 31.3 

B-40 HQ-26 132.8 D Bedford Shale 32.6 35.6 

B-40 HQ-28 143.9 A Bedford Shale 27.6 33.0 

B-40 HQ-28 143.7 D Bedford Shale 10.7 11.7 

B-40 HQ-30 152.8 A Ohio Shale 56.2 67.2 

B-40 HQ-30 152.5 D Ohio Shale 112.3 122.9 

B-40 HQ-32 165.1 A Ohio Shale 98.6 118.0 

B-40 HQ-32 164.8 D Ohio Shale 82.6 90.3 

B-41 HQ-32 169.2 A Ohio Shale 89.4 106.9 

B-41 HQ-32 169.0 D Ohio Shale 99.5 108.7 

B-42 NQ-18 171.9 A Ohio Shale 101.5 121.5 

B-42 NQ-18 171.6 D Ohio Shale 58.3 58.5 

B-43 HQ-21 168.9 A Ohio Shale 155.9 186.5 

B-43 HQ-21 169.3 D Ohio Shale 11.6 12.4 

B-44 NQ-19 168.0 A Ohio Shale 67.0 80.2 

B-44 NQ-19 167.6 D Ohio Shale 73.0 73.4 

B-45 HQ-5 150.7 A Bedford Shale 57.2 68.5 
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Table 4.6 – Summary of Point Load Strength Index Testing (ASTM D5731-08) - Continued 

Boring 
Core Run 

ID 
Depth 

(ft) 

Axial (A) 
or 

Diametr
al (D) 

Bedrock Type 
Point Load Index (Is) 

(PSI) 

Corrected 
Point Load 
Index (Is50)1 

(PSI) 

B-45 HQ-5 150.4 D Bedford Shale 20.7 22.6 

B-46 HQ-20 148.2 A Ohio Shale 54.1 64.7 

B-46 HQ-20 147.9 D Ohio Shale 9.2 10.0 
1Is50 = size-corrected index (index value that would be measured by a diametral test on specimen with D=50 mm)  
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Table 4.7 – Summary of Petrography Testing   

Boring 
Core Run 

ID 
Depth (ft) Bedrock Type Macroscopic Sample Description 

B-16 HQ-6 
148.1 - 
148.9 

Bedford Shale Medium Gray Pyritic Shale 

B-16 HQ-7 153.8-154.4 Ohio Shale Medium Gray Pyritic Shale 

B-19 HQ-18 148.7-149.5 Ohio Shale  Medium Gray Pyritic Shale 

B-20 HQ-13 138.5-139.1 Bedford Shale Gray Shale 

B-20 HQ-15 148.2-149.5 Ohio Shale Black Shale 

B-21 HQ-10 161.9-162.4 Ohio Shale Black Shale 

B-22 HQ-5 151.6-152.5 Bedford Shale Medium Gray Shale 

B-23 NQ-11 156.6-157.0 Bedford Shale Massive Gray Siltstone 

B-23 HQ-11 171.2-171.6 Ohio Shale Black Shale 

B-24 HQ-16 165.1-165.6 Ohio Shale Dark Gray Weakly Pyritic Shale 

B-27 NQ-17 166.7-167.3 Bedford Shale Olive Siltstone 

B-27  NQ-17 173.7-174.2 Ohio Shale Black Shale 

B-29 NQ-18 168.0-169.0 Ohio Shale Dark Gray Shale 

B-31 HQ-19 173.0-174.3 Ohio Shale Dark Gray Shale 

B-33 NQ-18 179.2-180.1 Ohio Shale Pyritiferous Shale 

B-38 HQ-12 107.1-107.9 Bedford Shale Maroon Siltstone 

B-39 HQ-6 154.6-155.5 Bedford Shale Light Gray Siltstone 

B-39 HQ-7 157.7-159.5 Ohio Shale Medium Gray Shale 

B-40 HQ-5 27.8-28.8 Berea Sandstone 
Very Fine-Grained Quartz Arenite 

Sandstone 

B-40 HQ-16/17 84.8-85.6 
Interbedded Bedford 

Shale/Berea Sandstone 
Light Gray Shaley Siltstone 

B-40 HQ-22 113.6-114.5 Bedford Shale Maroon Mudstone 

B-40 HQ-26 133.7-134.5 Bedford Shale Medium Gray Shale 

B-40 HQ-28 141.1-141.9 Bedford Shale Very Fissile Medium Gray Shale 

B-40 HQ-30 153.6-154.3 Ohio Shale Dark Gray Pyritic Carbon-Rich Shale 

B-40 HQ-32 163.2-164.1 Ohio Shale Dark Gray Pyritic Carbon-Rich Shale 

B-41 HQ-33 170.0-171.0 Ohio Shale Dark Gray Pyritic Shale 

B-42 NQ-18 170.0-171.1 Ohio Shale Black Shale 

B-43 HQ-21 167.2-167.9 Ohio Shale Brown Shale 

B-44 NQ-19 165.0-166.3 Ohio Shale Black Shale 

B-45 HQ-5 151.2-151.6 Ohio Shale Dark Gray Pyritic Shale 

B-46 HQ-20 149.3-150.1 Ohio Shale Black Pyritic Shale 
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Table 4.8 – Summary of Cerchar Abrasion Testing 

Boring 
Core Run 

ID 
Depth (ft) Bedrock Type 

Cerchar Abrasivity Index 
(CAIs) 

B-16 HQ-6 148.1 - 148.9 Bedford Shale 0.3 

B-16 HQ-7 153.8-154.4 Ohio Shale 0.3 

B-18 NQ-12 153.5-154.0 Bedford Shale 0.3 

B-18 NQ-13 162.0-163.1 Ohio Shale 0.5 

B-19 HQ-18 148.7-149.5 Ohio Shale  0.3 

B-20 HQ-12 133.1-133.4 Bedford Shale 0.4 

B-20 HQ-15 148.2-149.5 Ohio Shale 0.5 

B-21 HQ-10 161.9-162.4 Ohio Shale 0.4 

B-22 HQ-5 151.6-152.5 Bedford Shale 0.2 

B-23 HQ-11 156.6-157.0 Bedford Shale 0.4 

B-23 HQ-13 171.2-171.6 Ohio Shale 0.5 

B-24 HQ-16 165.1-165.6 Ohio Shale 0.3 

B-27 NQ-17 166.7-167.3 Bedford Shale 0.5 

B-27  NQ-17 173.7-174.2 Ohio Shale 0.4 

B-29 NQ-18 168.0-169.0 Ohio Shale 0.4 

B-31 HQ-19 173.0-174.3 Ohio Shale 0.5 

B-33 NQ-18 179.2-180.1 Ohio Shale 0.4 

B-38 HQ-12 107.1-107.9 Bedford Shale 0.3 

B-39 HQ-6 154.6-155.5 Bedford Shale 0.4 

B-39 HQ-7 157.7-159.5 Ohio Shale 0.4 

B-40 HQ-5 27.8-28.8 Berea Sandstone 1.0 

B-40 HQ-16/17 84.8-85.6 Interbedded Bedford Shale/Berea Sandstone 0.4 

B-40 HQ-22 113.6-114.5 Bedford Shale 0.4 

B-40 HQ-26 133.7-134.5 Bedford Shale 0.5 

B-40 HQ-28 141.1-141.9 Bedford Shale 0.3 

B-40 HQ-30 153.6-154.3 Ohio Shale 0.4 

B-40 HQ-32 163.2-164.1 Ohio Shale 0.4 

B-41 HQ-33 170.0-171.0 Ohio Shale 0.5 

B-42 NQ-18 170.0-171.1 Ohio Shale 0.4 

B-43 HQ-21 167.2-167.9 Ohio Shale 0.5 

B-44 NQ-19 165.0-166.3 Ohio Shale 0.5 
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Table 4.9 – Summary of SINTEF Testing 

Boring 
Core 

Run ID 
Depth (ft) 

Drilling 
Rate Index 

(DRI) 
DRI Category 

Bit Wear 
Index 
(BWI) 

Classification of 
Cutter Life Index 

(CLI) 

CLI 
Category 

B-18 NQ-11 140.0-150.0 78.69 Very High 2.8 106.1 
Extremely 

High 

B-18 NQ-13 160.0-170.0 69.05 Very High 1.4 55.4 Very High 

B-20 HQ-12 129.5-134.5 79.47 Very High 3.5 200.3 
Extremely 

High 

B-20 HQ-13 134.5-139.5 83.96 Extremely High 5.5 62.2 Very High 

B-27 NQ-16 155.6-165.6 83.61 Extremely High 10.1 166.4 
Extremely 

High 

B-27 NQ-17 165.6-175.6 74.72 Very High 7.0 49.4 Very High 

B-33 NQ-18 170.5-180.5 77.51 Very High 4.9 55.7 Very High 

B-43 HQ-21 166.6-176.6 83.06 Extremely High 6.4 62.3 Very High 

 

Table 4.10 – Summary of Direct Shear Test 

Boring 
Core 

Run ID 
Depth (ft) 

Peak Friction 
Angle 

Peak Cohesive 
Intercept (PSI) 

Post Peak 
Friction Angle 

Post Peak Cohesive 
Intercept (PSI) 

B-47 HQ-31 152.4-152.9 15.2 4.0 12.3 3.6 

B-47 HQ-32 156.8-157.1 61.0 0 33.3 0 

 
 

Table 4.11 – Summary of pH Results 

Boring Depth (ft) pH in Water 
pH in Calcium 
Chloride Sol. 

Temperature (°C) 

B-21B 167.0 3.78 3.22 24.5 

B-21B 168.0-170.5 3.94 3.71 24.2 

B-21B 170.5-173.0 4.06 3.90 24.2 

FTB-19 65.2 7.5 n/a n/a 

FTB-19 155.2 7.2 n/a n/a 

FTB-20 80.0 8.2 n/a n/a 

FTB-20 170.0 8.9 n/a n/a 

FTB-21 181.5 9.0 n/a n/a 

FTB-23 160.1 8.4 n/a n/a 

FTB-26 163.0 9.1 n/a n/a 
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Table 4.12 – Summary of Soils Testing 

Boring 
Sample 

No. 
Depth 

(ft) 
pH 

Water 
Content 

(%) 

Atterberg Limits 
Specific 
Gravity 

Unit Weight 
(wet) (pcf) 

Percent 
Finer Mesh 

#200 
Liquid 
Limit 

Plastic 
Limit 

Plasticity 
Index 

FTB-19 S-4 4.5-6.0  11.7 27 16 11    

FTB-19 S-7 9.0-10.5  10.8       

FTB-19 S-9 12.0-13.5 6.9 14.7 19 14 5 2.74   

FTB-19 S-10 13.5-15.0  12.2     141.8  

FTB-19 S-11 15.0-16.5  12.0 22 13 9 2.71 140.5  

FTB-19 S-15 21.0-22.5  14.3      12.5 

FTB-19 S-19 28.5-30.0  14.5    2.78  44.3 

FTB-19 S-23 39.5-40.0 7.2 13.1    2.78 134.8  

FTB-19 S-27 48.5-50.0  10.9    2.78 127.7  

FTB-20 S-3 3.0-4.5 7.1 17.6 38 21 17 2.81   

FTB-23 S-5 6.0-7.5  13.8 22 17 5 2.74 136.4  

FTB-23 S-9 12.0-13.5 7.8 13.1 24 18 6 2.73   
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Appendix B  SUBSURFACE LOGS 

B.1 Phase 2 Soil and Bedrock Logs 
B.2 Phase 1 Exploration Logs (Big Walnut Sanitary Trunk 

Extension Phase I) 
  





 

B.1 PHASE 2 SOIL AND BEDROCK LOGS 

  





 
 

 

 

Boring Log Terminology – Big Walnut Sewer Project 
SOIL DESCRIPTION 

 
 

1) Depth (in feet) 
 
Depth (in feet) refers to the distance below the ground surface. 
*For reporting purposes on the boring logs, depth and elevation of the various soil and rock strata are 
reported to the nearest one-tenth foot, even though the top of boring elevation is surveyed and reported to 
the nearest one-hundredth. This practice represents standard geotechnical engineering industry reporting 
practice.  
 
 

2) Elevation (in feet) 
 

Elevation (in feet) is referenced to mean sea level, unless otherwise noted. 
 
 
3) Standard Penetration (N) 
 

Standard Penetration (N) is the number of blows required to drive 2-inch O.D., 1-3/8 inch I.D., split-barrel 
sampler, using a 140-pound hammer with a 30-inch free fall.  The blows are recorded in 6-inch drive 
increments.  Standard penetration resistance is determined from the total number of blows required for one 
foot of penetration by summing the second and third 6-inch increments of an 18-inch drive. 
 
50/n indicates the number of blows (50) to drive a split-barrel sampler a certain number of inches (n) other 
that the normal 6-inch increment. 
 
N60 indicates Standard Penetration resistance normalized to 60% drill rod energy ratio. 

 
 
4) Length of Sample Drive 
 

The length of the sampler drive is indicated graphically in horizontal lines across the “Standard Penetration” 
and “Recovery” columns. 

 
 
5) Sample Recovery 
 

The sample recovery from each drive is indicated numerically in the column headed “Recovery.” 
 
 
6) Drive Sample Location 
 

The drive sample location is designated by the heavy vertical bar in the “Sample No., Drive” column. 
 
 
7) Pressed “Undisturbed” Sample Length 
 

The length of the hydraulically pressed “Undisturbed” sample (i.e., Shelby Tube) is indicated graphically by 
horizontal lines across the “Press” column. 

 
 
8) Sample Numbers 
 

Sample numbers are designated consecutively, increasing in depth. 
 

WH indicates Standard Penetration resistance of the Weight of Hammer in the soil strata.



 
 

 

 

 
9) Soil Description 
 

a. Terminology 
 

The following terms are used to describe the relative compactness and consistency of soils: 
Granular Soils – Compactness 
         Blows/Foot 

Term   Standard Penetration 
 
 Very Loose           0-4 
 Loose            5-10 
 Medium Dense           11-30 
 Dense            31-50 
 Very Dense           over 50 
 
Cohesive Soils – Consistency 
 
 Unconfined Blows/Foot  
 Compression Standard Hand 
 Term tons/sq. ft. Penetration Manipulation  

 
 Very Soft less than 0.25 below 2 Easily penetrates 2” 
    by fist 
 
 Soft 0.25 – 0.5 2 – 4 Easily penetrates 2” 
    by thumb 
 
 Medium Stiff 0.50 – 1.0 5 – 8 Penetrates by 
    thumb with moderate 
    effort 
 
 Stiff 1.0 – 2.0 9 – 15 Readily indents by 
    Thumb, but not 
    Penetrates 
 
 Very Stiff 2.0 – 4.0 16 – 30 Readily indents by 
    Thumbnail 
 
 Hard over 4.0 over 30 Indent with 
    difficulty by thumbnail 

b. Color 
 

If a soil is a uniform color throughout, the term is single, modified by such adjective as light and 
dark.  If the predominant color is shaded by a secondary color, the secondary color precedes the 
primary color.  If two major and distinct colors are swirled throughout the soil, the colors are 
modified by the term “mottled.” 
 
 

c. Texture 
 

Texture is based on the Unified Classification System.  Soil particle size definitions are as follows: 
Description   Size    
 
Boulders            Larger than 8” 
Cobbles             8’ to 3’ 
Gravel – Coarse           3” to ¾” 
Gravel – Fine            ¾” to 4.76 mm 
           – Coarse           4.76 mm to 2.00 mm 



 
 

 

 

           – Medium           2.00 mm to 0.42 mm 
           – Fine           0.42 mm to 0.074 mm 
Silt            0.074 mm to 0.005 mm 
Clay            Smaller than 0.005 mm  
 
 

d. Soil Components 
 

The main soil component is listed first.  The minor components are listed in order of decreasing 
percentage of particle size. 

 
 

e. Modifiers 
 

Modifiers to main soil descriptions are indicated as a percentage by weight of particle sizes as 
follows: 
 
Term  Modifier 
 
Trace   0% to 10% 
Little  10% to 20% 
Some  20% to 35% 
“And”  35% to 50% 

 
 

f. Moisture Content of Cohesive Soils 
 

The moisture content of cohesive soils (silts and clays) is expressed relative to plastic properties as 
follows: 
 
Term  Relative Moisture or Appearance 
 
Dry  Powdery 
Damp  Moisture content slightly below plastic limit 
Moist  Moisture content above plastic limit, but below liquid limit 
Wet  Moisture content above liquid limit 
 

 
g. Moisture Content of Cohesionless Soils 

 
The moisture content of cohesionless soils (sands and gravels) is described as follows: 
 
Term  Relative Moisture or Appearance 
 
Dry  No moisture present 
Damp  Internal moisture, but none to little surface moisture 
Moist  Free water on surface 

 





1 2 3 4 6 7 8 95

Column Descriptions

6

Run Number – A column meant to differentiate between the 
individual core intervals.7

8

9

Discontinuity Description – Joint Description in this order: depth, 
angle, type of discontinuity, roughness, aperture, large scale 
roughness, infilling, other.

Geologic Description – Description in this order: Depth Interval, 
ROCK NAME: Lithology; color, texture, grain size, structure and 
fabric, mineralogy, sorting, sphericity, roundness, cementation, 
other. Physical Condition; weathering, strength, discontinuities 
(general), bedding, shear zones, shears, faults, special conditions.

Comments – Comments or observations regarding: drilling 
operations, run lengths, water pressure test results, UCS test 
results, circulation losses or other pertinent information.

1

2

4

3

Depth (ft) – Distance below the collar of the borehole.

Elevation (ft) – Elevation referenced to MSL.

Recovery (%) – Amount of core recovered from the coring interval; 
calculated as length of core recovered divided by length of run.

RQD (%) – (Rock Quality Designation), Amount of intact core (pieces of 
sound rock greater than 4 inches in length) in each coring interval; 
calculated as the sum of lengths of intact core divided by length of core run. 
RQD of moderately weathered/altered rock does not meet soundness 
requirements, but provides some indication of rock quality with respect to 
degree of fracturing.

Permeability (cm/s) – Bedrock permeability as determined from water 
pressure testing.5

Big Walnut Sewer Trunk Extension (BWSTE) – Phase 2 Project No. 173409058

Fr
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Fractures per ft – number of discontinuities encountered in a run 
divided by the length of the run
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KEY TO DESCRIPTIVE TERMS USED FOR DISCONTINUITIES 

DEPTH OF DISCONTINUITY, MEASURED FROM TOP OF THE HOLE 

DIP OF DISCONTINUITY, MEASURED RELATIVE TO PLANE NORMAL TO THE CORE AXIS 

DISCONTINUITY ROUGHNESS (SMALL SCALE) 

R1 Stepped 

R2 Rough 

R3 Moderately Rough 

R4 Slightly Rough  

R5 Smooth  

R6 Polished 

DISCONTINUITY APERTURE (INCHES) (ISRM, 1982): 

DISCONTINUITY ROUGHNESS (LARGE SCALE) 

Und Undulating 

Pl  Planar 

W Wavy 

DISCONTUNUITY INFILLING 

Cl Clay 

Ca Calcite 

Chl Chloride 

Fe Iron Oxide 

Qz Quartz 

A 

B

D

E

F

G

       Project No. 173409058 Big Walnut Sewer Trunk Extension - Phase 2 – City of Columbus            

Vt   –   VERY TIGHT, (LESS THAN 0.004)

t      –   TIGHT, (0.004‐0.01)

PtO –   PARTLY OPEN, (0.01‐0.02)  

O   –   OPEN, (0.02‐0.1)

MW –   MODERATELY WIDE, (0.1‐0.4) 

W   –   WIDE, (GREATER THAN 0.4)

VW  –    VERY WIDE  

TYPE OF DISCONTINUITY - Bedding, Joint, Fault, Shear C



Surface casing
set to 10 ft

Water wash
rotary used
through
overburden, NQ
coring used in
bedrock

Dark Gray, CLAY, Hard to
Very Hard, Some Fine
Gravel, Moist

Date/Time

Date/Time

988.1 ft

7/27/15 8/3/15Completed

J. Berk

J. Musselman DryDriller

0.0

Surface Elevation

Date Started

Depth to Water

Depth to Water

Top of Hole

N/A

Rii

988.1

Geotechnical Exploration

N/A

County

Project Type

Supervisor

Logged By

Franklin County, OH

8/3/15

Description

BWSTE Phase 2

N=770410.97, E=1871174.26

LOG

Elevation

1  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

184.3 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
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Dark Gray, CLAY, Hard to
Very Hard, Some Fine
Gravel, Moist   (Continued)

Description

BWSTE Phase 2

N=770410.97, E=1871174.26

LOG

Elevation

2  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

184.3 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.
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Location

Boring No. B-1
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Dark Gray, CLAY, Hard to
Very Hard, Some Fine
Gravel, Moist   (Continued)

Description

BWSTE Phase 2

N=770410.97, E=1871174.26

LOG

Elevation

3  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

184.3 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location
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1.5

1.4

2.9

10.0

100

100

90

100

Began Core

1.5

1.4

2.6

10.0

136.5

137.9

140.8

150.8

No recordable
gas levels
identified @
135ft

14 min run
15 min run

15 min run

30 min run

853.1

845.1

135.0

143.0

0

17

90

23

Dark Gray, CLAY, Hard to
Very Hard, Some Fine
Gravel, Moist   (Continued)

SHALE - Soft, Highly
Weathered,  Laminated,
Significant Mechanical
Fractures, Greenish-Gray
136.5ft to 137.9ft - clay
filled fractures along
bedding planes
Subvertical to vertical
fractures

SHALE - Soft to
Moderately Hard ,
Laminated, Greenish-Gray

149ft to 157ft - clay-filled
bedding planes, approx.
0.05 ft spacing, highly
weathered

Description

BWSTE Phase 2

N=770410.97, E=1871174.26

LOG

Elevation

4  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

184.3 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth
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Total Depth

Location

Boring No. B-1
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10.0

9.3

10.0

2.8

100

108

100

89

10.0

10.0

10.0

2.5

160.8

170.8

180.8

184.3

35 min run

30 min run

25 min run

831.1

803.8
803.1

157.0

184.3
185.0

24

48

31

100

SHALE - Soft to
Moderately Hard ,
Laminated, Greenish-Gray 
(Continued)

SHALE - Hard, Laminated,
Clay Filled Bedding Planes
(0.05 to 0.4 ft spacing),
Dark Gray

Becoming very hard.

Subvertical fracture (1.5 ft
length).

Vertical fracture (0.3 ft
length).

172ft to 175.6ft - iron pyrite
nodules.

Clay filled bedding plane.

Bottom of Hole

Top of Rock = 135.0
Elevation (853.1)

No sampling of overburden soils, description is based on visual observations of auger
cuttings.

Boring backfilled with cement-bentonite grout.

No groundwater encountered prior to coring bedrock.

Description

BWSTE Phase 2

N=770410.97, E=1871174.26

LOG

Elevation

5  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

184.3 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-1
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Overburden soil (No
Sampling)

Date/Time

Date/Time

981.3 ft

9/2/15 9/8/15Completed

J. Berk

J. Musselman 1.0 ftDriller

0.0

Surface Elevation

Date Started

Depth to Water

Depth to Water

Top of Hole

N/A

Rii

981.3

Geotechnical Exploration

N/A

County

Project Type

Supervisor

Logged By

Franklin County, OH

9/3/15

Description

BWSTE Phase 2

N=770475.83, E=1870428.28

LOG

Elevation

1  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

180.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-7
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18-23-36

24-39-29

11-24-42

21-35-48

37-47-50

21-21-23

1.3

1.4

1.4

1.2

1.3

1.5

--

--

--

--

--

--

44.0 - 45.5

49.0 - 50.5

54.0 - 55.5

58.0 - 59.5

64.0 - 65.5

69.0 - 70.5

SPT-1

SPT-2

SPT-3

SPT-4

SPT-5

SPT-6

937.3

934.3

931.1

922.8

909.3

44.0

47.0

50.2

58.5

72.0

Overburden soil (No
Sampling)   (Continued)

Increased drilling
resistance

Gray silty fine SAND, some
fine to medium gravel,
dense

Gray, well graded SAND
and GRAVEL, dense

Gray silty CLAY with some
fine gravel, stiff

Gray SILT, SAND and
GRAVEL, dense

Gray SILT and very fine
SAND

Description

BWSTE Phase 2

N=770475.83, E=1870428.28

LOG

Elevation

2  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

180.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:
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Location
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6-13-20

12-21-29

20-30-40

49-49-
50/4"

30-47-50

7-30-
50/4"

27-37-
50/5"

15-37-
50/0"

0.7

1.4

1.5

1.3

1.5

1.3

0.6

0.8

--

--

--

--

--

--

--

--

74.0 - 75.5

79.0 - 80.5

84.0 - 85.5

89.0 - 90.5

94.0 - 95.5

99.0 - 100.5

104.0 -
105.5

109.0 -
110.5

SPT-7

SPT-8

SPT-9

SPT-10

SPT-11

SPT-12

SPT-13

SPT-14

899.3

884.3

82.0

97.0

Gray SILT and very fine
SAND   (Continued)

Gray, well graded SAND,
some gravel, very dense

Increased gravel

Gray CLAY with Gravel,
very hard

Description

BWSTE Phase 2

N=770475.83, E=1870428.28

LOG

Elevation

3  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

180.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-7
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2.0

10.0

0

25

Began Core

50/4"

13-50/2"

9-10-17

50/3"

0.0

0.3

1.3

0.1

0.0

2.5

135.5

145.5

WP: 100psi;
DP: 400psi

WP: 100psi;
DP: 400psi

02 = 20.8%

--

--

--

--

114.0 -
115.5

119.0 -
120.5

124.0 -
125.5

129.0 -
130.5

SPT-15

SPT-16

SPT-17

SPT-18

847.8

841.3

133.5

140.0

0

0

Gray CLAY with Gravel,
very hard   (Continued)

Possible very hard glacial
till - Washed out

SHALE - Soft, Weathered
to Highly Weathered,
Thinly Bedded, Intensely
fractured, Dark Gray to
Black - Jointing fractures
are flat to steeply dipping

Clay filled fracture,
smooth, weathered

147.5ft to 151.5ft -
intensely fractured, smooth
to rough, clay infilling

Shale becomes hard

Description

BWSTE Phase 2

N=770475.83, E=1870428.28

LOG

Elevation

4  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

180.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-7
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10.0

10.0

10.0

5.0

100

100

100

100

10.0

10.0

10.0

5.0

155.5

165.5

175.5

180.5

02 = 20.8%

WP: 100psi;
DP: 400psi

800.8 180.5

75

100

92

96

SHALE - Soft, Weathered
to Highly Weathered,
Thinly Bedded, Intensely
fractured, Dark Gray to
Black - Jointing fractures
are flat to steeply dipping 
(Continued)
Fracture, rough, slightly
weathered
Fracture, smooth, slightly
weathered
Iron pyrite nodule

2-in clay filled dipping
fracture

2.5-in steeply dipping
rough fracture, slightly
weathered

2-in clay and fractured
shale filled fracture

Bottom of Hole

Top of Rock = 140.0
Elevation (841.3)

Boring backfilled with cement-bentonite grout.

No recordable gas levels during coring.

Groundwater initially measured at 1-foot above groundsurface within augers at a drilling depth
of 57 feet. Groundwater measured at groundsurface prior to coring bedrock.

Description

BWSTE Phase 2

N=770475.83, E=1870428.28

LOG

Elevation

5  of  5

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

180.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-7
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9.0

5.0

6.0

91

100

100

Began Core50/4"0.1

8.2

5.0

6.0

24.0

29.0

35.0

10 ft casing
installed

--14.6 - 15.0SPT-1
987.4

985.4

14.5

16.5

84

88

100

Overburden soil (No
Sampling)

SHALE - Hard, Weathered,
Thin bedded, Black -
Vuggy Sandstone at
bottom of layer
1.5-in clay filled fractured
SANDSTONE - Very Hard,
Fine Grained, Thin
Bedded, Medium Gray

20ft - 25 ft: Iron pyrite
nodules
Horizontal fracture,
weathered, rust stained
@ 24ft: Steeply dipping
fracture; from 24ft to 25ft -
cross bedded

26ft to 29ft - steeply
dipping rough fractures,
altered rock, iron and
manganese staining

Clay filled horizontal
fracture

Date/Time

Date/Time

1001.9 ft

9/9/15 9/15/15Completed

J. Berk

J. Musselman 7.0 ftDriller

0.0

Surface Elevation

Date Started

Depth to Water

Depth to Water

Top of Hole

25.0 ft

Rii

1001.9

Geotechnical Exploration

9/15/15

County

Project Type

Supervisor

Logged By

Franklin County, OH

9/11/15

Description

BWSTE Phase 2

N=771119.66, E=1871286.62

LOG

Elevation

1  of  6

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

200.0 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-8
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10.0

10.0

10.0

100

100

91

10.0

10.0

9.1

45.0

55.0

65.0

6-in vertical
fracture

Clay filled
horizontal
fracture

WP: 40psi;
DP: 400psi

WP: 120psi;
DP: 450psi

WP: 200-500psi;
DP: 350psi

941.9 60.0

58

77

30

SANDSTONE - Very Hard,
Fine Grained, Thin
Bedded, Medium Gray 
(Continued)
Horizontal clay filled
fracture
Clay filled fracture
3-in vertical fracture

1-in clay filled horizontal
fracture

1-in clay filled horizontal
fracture
6-in vertical fractured,
unweathered

4-in steeply dipping
fracture

52ft to 54ft - many clay
filled horizontal fractures

Wavy horizontal fracture,
shaley
Shale layers
1ft vertical fracture
58.5ft to 65ft - many
horizontal clay filled
fractures
Interbedded Shale and
Sandstone - thin bedded

Due to core retainer
failure, 65ft to 80ft we was
only able to retrieve 4.8
feet of broken core

Description

BWSTE Phase 2

N=771119.66, E=1871286.62

LOG

Elevation

2  of  6

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

200.0 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-8
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15.0

5.0

10.0

10.0

32

100

100

100

4.8

5.0

10.0

10.0

80.0

85.0

95.0

105.0

WP: 75psi;
DP: 350psi
02 = 20.8%

921.9

906.9

80.0

95.0

11

44

60

94

Interbedded Shale and
Sandstone - thin bedded 
(Continued)

Sloping fracture
SHALE - Moderately Hard,
Thin Bedded, Gray

Becomes less hard with
friable zones and clay filled
fractures

Rough clay filled fracture

Fractured shale and clay
filled seams
SHALE - Soft to
Moderately Hard, Thin
Bedded, Dark Gray
Banded

Clay filled horizontal
fracture

102ft - 112ft - clay filled
slightly weathered
fractures

Horizontal clay filled
fracture, soft

Rock less subject to
mechanical fracturing

Description

BWSTE Phase 2

N=771119.66, E=1871286.62

LOG

Elevation

3  of  6

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

200.0 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-8
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10.0

10.0

10.0

10.0

96

100

100

100

9.6

10.0

10.0

10.0

115.0

125.0

135.0

145.0

WP: 100-150psi;
DP: 350-400psi

WP: 190psi;
DP: 400psi

876.9 125.0

96

98

95

100

SHALE - Soft to
Moderately Hard, Thin
Bedded, Dark Gray
Banded   (Continued)

119ft to 122ft - red banding

Clay filled fracture

Clay filled fracture
SHALE - Soft to
Moderatley Hard,
Laminated, Grayish Red to
Dark Red
Clay filled fracture
Steeply dipping very rough
fracture

Steeply dipping smooth
fracture

Description

BWSTE Phase 2

N=771119.66, E=1871286.62

LOG

Elevation

4  of  6

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

200.0 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-8
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10.0

10.0

10.0

5.0

5.0

100

100

100

100

96

10.0

10.0

10.0

5.0

4.8

155.0

165.0

175.0

180.0

185.0

WP: 200psi;
DP: 500psi

02 = 20.8%

WP: 170psi;
DP: 400psi

824.9 177.0

95

100

94

100

96

SHALE - Soft to
Moderatley Hard,
Laminated, Grayish Red to
Dark Red   (Continued)
153ft to 155ft - horizontal
fracturing along bedding
planes, clay filled

Grading to gray in color,
increased hardness

Clay filled fracture, slightly
weathered
Steeply dipping fracture,
weathered
Horizontal fractures,
weathered

SHALE - Hard,
Unweathered, Thin
Bedded, Black

Description

BWSTE Phase 2

N=771119.66, E=1871286.62

LOG

Elevation

5  of  6

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

200.0 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-8
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10.0

5.0

100

90

10.0

4.5

195.0

200.0

WP: 190psi;
DP: 500psi

801.9 200.0

100

90

SHALE - Hard,
Unweathered, Thin
Bedded, Black 
(Continued)
193ft to 194ft - pyrite
inclusions
Last 0.5ft of core not
retrieved
Pyrite inclusion

Bottom of Hole

Top of Rock = 15.0
Elevation (986.9)

Boring backfilled with cement-bentonite grout.

No recordable gas levels during coring.

Groundwater initially encountered at a depth 7 ft.

Description

BWSTE Phase 2

N=771119.66, E=1871286.62

LOG

Elevation

6  of  6

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

200.0 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-8
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Light brown Sandy Lean
CLAY (No Sampling)

@23 ft - Some small gravel
coming out of return water

Date/Time

Date/Time

990.1 ft

9/22/15 9/24/15Completed

E. Magoto

J. Musselman DryDriller

0.0

Surface Elevation

Date Started

Depth to Water

Depth to Water

Top of Hole

N/A

Stantec

990.1

Geotechnical Exploration

N/A

County

Project Type

Supervisor

Logged By

Franklin County, OH

9/22/15

Description

BWSTE Phase 2

N=771353.5, E=1870200.9

LOG

Elevation

1  of  8

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

196.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-9
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Light brown Sandy Lean
CLAY (No Sampling) 
(Continued)

@52 ft - Difficult to auger,
possible cobbles

Description

BWSTE Phase 2

N=771353.5, E=1870200.9

LOG

Elevation

2  of  8

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

196.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-9
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1.0

5.0

5.0

5.0

100

88

98

100

Began Core

21-15-18

40-45-
50/3"

1.4

1.2

1.0

4.4

4.9

5.0

61.5

66.5

71.5

76.5

HP=4.0tsf

5 min run;
WP=300 psi,
DP=400-450 psi

13 min run;
WP=325 psi,
DP=450 psi

13 min run;
WP=300-350
psi, DP=500 psi

12 min run;
WP=300-350
psi, DP=475 psi

--

--

54.3 - 55.8

59.3 - 60.5

SPT-1

SPT-2

935.8

934.3

930.8

54.3

55.8

59.3

50

10

30

38

Light brown Sandy Lean
CLAY (No Sampling) 
(Continued)

Light Gray, LEAN CLAY,
Very Stiff to Hard, Damp
@ 55.8ft: Highly weathered
SHALE

SHALE -Soft, Moderately
to Highly Weathered, Very
Fine Grained, Thinly
Bedded, Gray.
From 60.5' - 61.3' Highly
fractured

@ 65.8ft - 65.9ft: Clay
Seam

@ 68.5ft - 68.8ft: Clay
Seam

@ 70.1ft, 70.5ft & 71.9ft:
Slickenslides

@ 73.2ft: Vertical Fracture

77.1ft to 78.7ft: Highly
Fractured zone

80.5ft to 81.5ft: Highly

Description

BWSTE Phase 2

N=771353.5, E=1870200.9

LOG

Elevation

3  of  8

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

196.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-9
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10.0

10.0

5.0

100

100

96

10.0

10.0

4.8

86.5

96.5

101.5

34 min run;
WP=350 psi,
DP=550 psi

41 min run;
WP=250 psi,
DP=500 psi

31 min run;
WP=275 psi,
DP=500 psi , 02
=21.2%

27 min run;
WP=300 psi,
DP=700 psi ,
COMB =5%, 02
=21.4%,
H2S=1%

25

16

46

Fractured zone
@ 80.4ft: Clay seam
SHALE -Soft, Moderately
to Highly Weathered, Very
Fine Grained, Thinly
Bedded, Gray. 
(Continued)

@ 88ft: Slickenslides

@ 92.4ft to 94.0ft: Highly
Fractured zone

@ 96.2ft: Clay Seam
@ 96.6ft: Rough Joint

102.1ft - 103.7ft: Highly
Fractured Zone
103.2ft to 103.7ft: Clay
seam within highly
weathered zone
@ 104.1ft: Smooth Joint

Description

BWSTE Phase 2

N=771353.5, E=1870200.9

LOG

Elevation

4  of  8

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

196.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-9
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10.0

10.0

10.0

5.0

100

100

100

100

10.0

10.0

10.0

5.0

111.5

121.5

131.5

136.5

43 min run;
WP=250 psi,
DP=550 psi,
COMB =  0%,
CO=0%, 02
=21.3%       H2S
= 0%

41 min run;
WP=225 psi,
DP=550 psi ,
COMB =  0%,
CO=0%,     02
=20.8%
H2S = 0%

16 min run;
WP=250 psi,
DP=675 psi ,
COMB =  0%,
CO=0%,     02
=20.8%

878.6

853.6

111.5

136.5

66

48

16

80

SHALE -Soft, Moderately
to Highly Weathered, Very
Fine Grained, Thinly
Bedded, Gray. 
(Continued)
@ 109.0ft to 109.4ft: Vert.
Fracture
@ 111.0ft to 111.5ft:
Rough Joints
SHALE -Soft, Moderately
to Highly Weathered, Very
Fine Grained, Thinly
Bedded, Red.
111.6ft - 118.0ft: Joints
with clay seams

121.5ft to 122.7ft: Rough
Joint and Highly Fractured
Zone
122.8ft to 123.3ft: Vert.
Fracture

125.7ft: Smooth Joint

129.7ft: Possible MF

131.2ft to 131.5ft: Vert.
Fracture
131.6ft: Clay Seam Joint
132.6ft: Rough Joint

134.1ft: MF

136.3ft: Smooth Joint

Description

BWSTE Phase 2

N=771353.5, E=1870200.9

LOG

Elevation

5  of  8

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

196.5 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-9
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5.0

10.0

10.0

94

100

100

4.7

10.0

10.0

141.5

151.5

161.5

H2S = 0%

18 min run;
WP=275 psi,
DP=650 psi ,
COMB =  0%,
CO=0%,     02
=20.8%
H2S = 0%

81 min run;
WP=225 psi,
DP=500 psi ,
COMB =  0%,
CO=0%,     02
=20.8%
H2S = 0%

61 min run;
WP=200 psi,
DP=400 psi ,
COMB =  0%,
CO=0%,     02
=20.8%
H2S = 0%

38

68

65

SHALE -Soft, Moderately
to Highly Weathered, Very
Fine Grained, Thinly
Bedded, Gray. 
(Continued)
137.1ft: Smooth Joint
137.4ft and 137.8ft: Clay
Filled Joints
139.9ft: Clay Seam
140.2ft: Smooth Joint
141.5ft through 142.7ft:
Rough Joints
141.5ft to 142.7ft: Highly
Fractured
142.1ft: Clay Filled Joint
143.4ft: Smooth Joint
143.8ft: MF
145.4ft: Clay Filled Joint

147.0ft to 147.2ft: Rough
Joint

152.2ft and 152.5ft: Clay
Filled Joints
152.8ft: Smooth Joint
153.7ft: Rough Joint
153.9ft to 154.2ft: Clay
Seam
154.9ft to 155.7ft: Highly
weathered zone
156.4ft: MF

162.1ft: MF

163.0ft: MF
163.7ft: MF
164.3ft: MF

Description

BWSTE Phase 2

N=771353.5, E=1870200.9

LOG

Elevation

6  of  8

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.
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10.0

10.0

5.0

100

100

100

10.0

10.0

5.0

171.5

181.5

186.5

37 min run;
WP=175 psi,
DP=500 psi ,
COMB =  0%,
CO=0%,     02
=21.2%
H2S = 0%

51 min run;
WP=200 psi,
DP=550 psi ,
COMB=1%,
CO=0%,     02
=21.4%,   H2S =
0%

16 min run;
WP=225 psi,
DP=500 psi ,
COMB=4%, 02
=21.4%

27 min run;
WP=180 psi,
DP=400 psi , 02
=21%

97

98

100

SHALE -Soft, Moderately
to Highly Weathered, Very
Fine Grained, Thinly
Bedded, Gray. 
(Continued)

170.1ft: Rough Joint

174.5ft: Vertical Fracture

176.5ft to 176.7ft: Clay
Seam
176.8ft to 177.3ft: Vertical
Fracture

180.0ft: MF

182.9ft: Smooth Joint

184.0ft: MF

192.3ft: Smooth Joint
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10.0 10010.0 196.5

MF @ 195.5ft

793.6 196.5 100

192.7ft: Smooth Joint
SHALE -Soft, Moderately
to Highly Weathered, Very
Fine Grained, Thinly
Bedded, Gray. 
(Continued)

Bottom of Hole

Top of Rock = 59.3
Elevation (930.8)

No Sampling of overburden soils, description based on visual observations of auger cuttings.

Used 12 bags of portland cement (~94 lbs/bag) with approximately 108 gallons of water to
backfill hole.

No groundwater observed prior to coring bedrock.
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Began Core

15 min run;
WP=300 psi,
DP=500 psi;
02 = 20.8%

985.8 16.2

Overburden soil (No
Sampling)

SANDSTONE - Hard,
Slightly Weathered,
Medium Grained, Medium
to Thick Bedding, Slightly
Fractured, flat bedding,,
slightly to moderatedly
weathered joints with iron
staining, slightly rough
joints, Light Gray

Date/Time

Date/Time

1002.0 ft

10/1/15 10/5/15Completed

E. Magoto

J. Musselman 11.0 ftDriller

0.0

Surface Elevation

Date Started

Depth to Water

Depth to Water

Top of Hole

N/A

Stantec

1002.0

Geotechnical Exploration

N/A

County

Project Type

Supervisor

Logged By

Franklin County, OH

10/5/15

Description

BWSTE Phase 2

N=772094.7, E=1871551.2
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4.8

4.9

10.0

94

100

100

4.5

4.9

10.0

21.0

25.9

35.9

19 min run;
WP=350 psi,
DP=500 psi;
02 = 20.8%
H2S = 1%

12 min run;
WP= 200 psi,
DP=450 psi;
02 = 20.8%

26 min run;
WP= 250 psi,
DP= 450 psi;
02 = 20.8%
H2S = 1%

46

73

76

Significant iron staining
from 16.2' to 16.7'
16.2' to 21.5': Highly
fractured
SANDSTONE - Hard,
Slightly Weathered,
Medium Grained, Medium
to Thick Bedding, Slightly
Fractured, flat bedding,,
slightly to moderatedly
weathered joints with iron
staining, slightly rough
joints, Light Gray 
(Continued)
22.4': MF
23.3': Clay filled rough joint
Vert. fracture at 25.2' to
25.9'

Rough Joints - 27.8', 29.7',
30.6' to 31', and 32.4' to
32.8'

31.9': Clay filled joint

33.1': MF

34.5': Clay seam
34.7': Smooth Joint

36.1': MF

37.3': Rough Joint

Rough Joints with Clay
filled joints from 38.0' to
38.4'
Vert. fracture at 38.7' to
39.3'

41.7': Clay filled joint

Description

BWSTE Phase 2

N=772094.7, E=1871551.2
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10.0

10.0

100

99

10.0

9.9

45.9

55.9

16 min run;
WP= 300 psi,
DP= 500 psi;
02 = 20.8%

26 min run;
WP= 300 psi,
DP=450 psi;
02 = 20.8%
H2S = 1%

941.5 60.5

70

64

SANDSTONE - Hard,
Slightly Weathered,
Medium Grained, Medium
to Thick Bedding, Slightly
Fractured, flat bedding,,
slightly to moderatedly
weathered joints with iron
staining, slightly rough
joints, Light Gray 
(Continued)
Highly weathered zone at
42.3' to 42.9'
43.9': MF
Highly fractured zones
from 45.5' to 46.5'
46.1': Rough joint
47.7': MF
Vert. fracture at 48.2' to
49.0'
Clay filled joint at 49.3' and
50.3'

Rough joints at 50.5' to
51.5'
Vert. fracture at 51.9' to
53.2'

56.2': Clay filled joint

58': Rough joint
Clay seam at 58.0' to 58.3'

59.5': Cross bedding

SHALE- Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
slightly to moderately
weathered joints, slightly
rough joints, Gray
Rough Joint at 61.7' to
61.9'

Description
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10.0

10.0

10.0

100

100

100

10.0

10.0

10.0

65.9

75.9

85.9

13 min run;
WP= 200 psi,
DP= 500 psi;
02 = 20.8%
H2S = 1%

Rough joint at
77.3ft to 77.5ft

49 min run;
WP= 250 psi,
DP= 500 psi;
02 = 20.8%

936.1

926.1

65.9

75.9

48

55

36

62.4': Weathered joint
62.8': Clay filled joint

Interbedded SHALE (85%)
and SANDSTONE (15%)
Deep bedding grooves
throughout all shale
66.7': Rough joint
67.7': Smooth joint

Highly weathered zone at
68.4' to 70.4'

Vert. Fracture from 70.4' to
70.8'

SHALE- Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray
Clay seam at 75.9' and
77.0'
Sandstone from 77.0' to
77.3'
Cross bedding at 80.1' to
82.3'

Highly weathered zone at
82.5' to 83.5'
Sandstone from 83.5' to
83.9'
Rough joints from 83.9' to
84.4'

85.4': Smooth joints

86.3': Smooth joint

Description
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10.0

10.0

100

100

10.0

10.0

95.9

105.9

23 min run;
WP= 250 psi,
DP= 475 psi;
02 = 20.6%

Smooth Joint at
91.2ft

30 min run;
WP=275 psi,
DP= 500 psi;
02 = 20.8%

46

37

SHALE- Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray   (Continued)
Clay filled joint at 87.4' and
89.3'
90.6': MF
Sandstone from 92.2' to
92.4'

94.1': Clay filled joint

Slightly weathered zone
from 94.9' to 95.9'

Multiple joints from 96.2' to
97.3'

Highly fractured zone at
98.6' to 99.0'

Rough joint at 101.4' to
101.7'

102.6': MF

104.4': Rough joint

105.2': Clay filled joint

106.2': Smooth Joint

Moderately Fractured zone
from 105.9' to 107.3

Description

BWSTE Phase 2

N=772094.7, E=1871551.2
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10.0

10.0

100

100

10.0

10.0

115.9

125.9

19 min run;
WP= 250 psi,
DP= 475 psi;
02 = 20.8%
H2S = 1%

27 min run;
WP=250 psi,
DP= 475 psi;
02 = 20.8%

35 min run;
WP= 250 psi,
DP= 475 psi;
02 = 20.8%

876.1 125.9

21

34

SHALE- Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray   (Continued)
111.1': Clay Filled Joint

Highly Fractured zone at
115.4' to 115.9'
115.7': Rough Joint

117.0': Rough Joint
Highly Fractured zone from
117.0' to 117.5'
118.3': Smooth Joint

Red colored shale from
119.3' to 119.5'
119.4': 45 deg fracture
Vert. Fracture at 120.0' to
120.3'
Highly fractured zone from
120.3' to 120.9'

123.2': MF

SHALE- Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately Fractured, flat
bedding, bedding joints
slightly to moderately
weathered joints, smooth
to slightly rough joints, Red
126.2': Smooth Joint
Highly Fractured zone from
126.8' to 128.4'
Highly Fractured and
weathered zone (gray
shale) from 128.7' to 130.7'

Description
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N=772094.7, E=1871551.2
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10.0

5.0

10.0

100

100

100

10.0

5.0

10.0

135.9

140.9

150.9

28 min run;
WP= 275 psi,
DP= 500 psi;
02 = 20.7%

20 min run;
WP= 350 psi,
DP= 475 psi;
02 = 20.8%

851.1 150.9

42

32

40

SHALE- Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately Fractured, flat
bedding, bedding joints
slightly to moderately
weathered joints, smooth
to slightly rough joints, Red
  (Continued)
132.2': Clay Filled Joint
134.6': MF
Vert. Fracture at 134.7' to
134.9'
136.4': Smooth Joint
136.6': Clay filled joint
137.8': MF
Highly fractured zone at
138.5' to 139.0'

140.6': Clay Filled Joint

MF at 141.3', 141.6', and
141.9'
141.9': 45 deg fracture

Highly fractured zone from
142.5' to 143.2'

145.2': Smooth Joint
145.7': MF

Highly fractured and
weathered at 147.1' to
148.7'
148.8': Rough joint

150.0': Clay filled joint

Highly fractured zone from
150.9' to 151.4'

152.1': Smooth joint

Description
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10.0

10.0

100

100

10.0

10.0

160.9

170.9

18 min run;
WP= 300 psi,
DP= 450 psi;
02 = 20.8%
H2S = 1%

19 min run;
WP= 250 psi,
DP= 500 psi;
02 = 20.7%

23 min run;
WP= 250 psi,
DP= 475 psi;
02 = 20.8%

827.3 174.7

59

51

Clay seam at 154.0' to
154.1'
SHALE- Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray   (Continued)
Highly fractured zone from
154.1' to 155.1'
Vert. fracture from 155.1'
to 155.6'
155.7': Rough joint
156.7': Smooth Joint
158.7': MF
Highly Fractured Zone
from 160.9' to 162.9'

165.5': Smooth Joint

166.9': Smooth Joint
167.3': Clay Filled Joint

168.2': Iron pyrite nodule
168.8': Smooth Joint

171.8': MF

174.5': Smooth Joint

175.6': Smooth Joint

Description

BWSTE Phase 2

N=772094.7, E=1871551.2

LOG

Elevation

8  of  10

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

205.9 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-12

ST
AN

TE
C

/F
M

SM
_L

EG
AC

Y 
 P

R
EL

IM
IN

AR
Y 

BO
R

IN
G

S.
G

PJ
  F

M
SM

-G
R

AP
H

IC
 L

O
G

.G
D

T 
 1

/2
7/

16



10.0

10.0

100

100

10.0

10.0

180.9

190.9

16 min run;
WP= 250 psi,
DP= 475 psi;
02 = 20.7%

30 min run;
WP= 300 psi,
DP= 400 psi;
02 = 20.8%

85

100

SHALE- Soft to Moderately
Hard, Unweathered to
Slightly Weathered, Very
Fine Grained, Thinly
Bedded, Unfractured to
Slightly Fractured, flat
bedding, unweathered
smooth bedding joints,
Black   (Continued)
180.0': Iron Pyrite Nodules

182.7': MF

183.7': MF

Smooth Joint at 184.7' and
184.8'

191.0': MF

192.7': Smooth Joint

193.7': Smooth Joint

Vert. Fracture at 195.6' to
196.1'

Description
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10.0

5.0

100

100

10.0

5.0

200.9

205.9

15 min run;
WP = 300 psi,
DP= 400 psi;
02 = 20.8%

796.1 205.9

98

100

SHALE- Soft to Moderately
Hard, Unweathered to
Slightly Weathered, Very
Fine Grained, Thinly
Bedded, Unfractured to
Slightly Fractured, flat
bedding, unweathered
smooth bedding joints,
Black   (Continued)
Vert. Fracture at 201.0' to
201.1'

204.7': Smooth Joint

205.7': MF
Bottom of Hole

Top of Rock = 16.2
Elevation (985.8)
At a depth of approximately 205.7 feet, water was forced out of the borehole intermittently for
a period of several minutes. No abnormally high readings were triggered on the combustible
gas monitoring equipment.

Used 11 bags of portland cement (~94 lbs/bag) with approximately 100 gallons of water to
backfill hole.

Groundwater encountered at a depth of 11.0 feet prior to coring bedrock.

Description
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2.7

5.0

5.0

100

98

100

Began Core

2.7

4.9

5.0

11.1

16.1

21.1

11 min run;
WP= 150 psi,
DP= 200 psi;
O2 = 20.8%

6 min run;
WP= 150 psi,
DP= 225 psi;
O2 = 20.8%,
H2S = 1%

6 min run;
WP= 200 psi,
DP= 200 psi;
O2 = 20.8%

990.4 8.4

63

64

88

Light Brown Silty LEAN
CLAY (No Sampling)

SANDSTONE - Hard,
Slightly Weathered,
Medium Grained, Medium
to Thick Bedding, Slightly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints with iron staining,
slightly rough joints, Light
Gray
10.3' to 11.1' & 11.5' -
11.8': Vert. Fracture w/
significant iron staining
11.3' & 12.0': Clay Filled
Joint
12.2' to 13.0': Highly
Fractured
13.2': Sloped Joint/Rough
with iron staining
14.1': MF
17.5' & 20.3': Smooth Joint

23.4': Clay Filled Joint

Date/Time

Date/Time

998.8 ft

9/28/15 9/30/15Completed

E. Magoto

J. Musselman DryDriller

0.0

Surface Elevation

Date Started

Depth to Water

Depth to Water

Top of Hole

N/A

Stantec

998.8

Geotechnical Exploration

N/A

County

Project Type

Supervisor

Logged By

Franklin County, OH

9/30/15

Description

BWSTE Phase 2

N=772280.1, E=1870531.7
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1  of  8

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

205.0 ft
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10.0

10.0

10.0

98

100

100

9.8

10.0

10.0

31.1

41.1

51.1

16 min run;
WP= 250 psi,
DP= 450 psi;
O2 = 20.8%

15 min run;
WP= 250 psi,
DP= 400 psi;
O2 = 20.8%

22 min run;
WP= 225 psi,
DP= 400 psi;
O2 = 20.8%

78

82

81

SANDSTONE - Hard,
Slightly Weathered,
Medium Grained, Medium
to Thick Bedding, Slightly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints with iron staining,
slightly rough joints, Light
Gray   (Continued)
25.1': Clay Filled Joint
26.0': MF
27.8': Clay Filled Joint
29.1': Smooth Joint
31.4': Smooth Clay Filled
Joint

33.8': Clay Filled Joint

34.7': MF

36.5' to 36.8': 45 deg
bedding

40.5' to 41.1': Clay seam

42.4': MF

44.1' and 45.4': Clay Filled
Joint

45.6' to 45.8': Clay seam

49.5': Smooth Joint
50.5': Rough Joint

51.7': Rough Joint
51.9': Clay Filled Joint

Description

BWSTE Phase 2

N=772280.1, E=1870531.7
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173409058
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10.0

10.0

100

100

10.0

10.0

61.1

71.1

9 min run;
WP= 250 psi,
DP= 425 psi;
O2 = 20.8%

20 min run;
WP= 250 psi,
DP= 450 psi;
O2 = 20.8%

27 min run;
WP= 250 psi,
DP= 450 psi;
O2 = 21.2%

945.3

937.7

927.7

53.5

61.1

71.1

39

39

SHALE - Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray
53.5' to 55.9': Highly
Fractured Shale zone
58.4' to 59.9': Highly
Fractured Shale zone

Interbedded SHALE (75%)
and SANDSTONE (25%)
61.1' to 62.5': Highly
Fractured zone
63.1': Rough Joint
63.7': Smooth Joint

66.7': Clay Filled Joint

67.9' to 68.2': Vert.
Fracture

70.4': Clay Filled Joint
Interbedded SHALE (90%)
and SANDSTONE (10%)
71.4': Smooth Joint
71.8': Clay Filled Joint
72.8' to 73.0': Vert.
Fracture in Sandstone

75.6' to 77.2': Highly
Fractured zone in Shale

77.3' & 78.2': Rough Joint

78.2' to 78.5': Vert.
Fracture in Sandstone

Description

BWSTE Phase 2

N=772280.1, E=1870531.7
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10.0

10.0

10.0

100

99

100

10.0

9.9

10.0

81.1

91.1

101.1

30 min run;
WP= 250 psi,
DP= 425 psi;
O2 = 20.8%

No water return
from this point
on, approx. 20 ft
of core per 500
gallons of water

26 min run;
WP= 250 psi,
DP= 450 psi;
O2 = 20.8%

22 min run;
WP= 250 psi,
DP= 425 psi;
O2 = 20.8%

917.7 81.1 38

59

79

SHALE - Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray
Clay Filled Joint at 81.6'
83.8': Highly weathered
joint with clay
84.3': Smooth Joint
84.8': MF
85.3': Clay Filled Joint

90.3': Rough Joint

91.6': Smooth Joint
92.3': Rough Joint

93.3': Vert. Fracture
93.9' to 94.1': Clay Seam

95.6', 96' & 96.4': Smooth
Joints

101.8': Clay Filled Joint

103.3': Rough Joint

104.7': Smooth Joint

106.8' to 107.2': Cross
Bedding
108.0': MF

Description

BWSTE Phase 2

N=772280.1, E=1870531.7
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10.0

10.0

10.0

94

100

98

9.4

10.0

9.8

111.1

121.1

131.1

23 min run;
WP= 200 psi,
DP= 425 psi;
O2 = 20.8%

20 min run;
WP= 250 psi,
DP= 450 psi;
O2 = 20.8%

19 min run;
WP= 250 psi,
DP= 450 psi;
O2 = 20.8%

872.1 126.7

75

100

88

SHALE - Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray   (Continued)
110.1': Rough Joint
113.6': Rough Joint

116.3': Rough Joint Filled
with clay

119.3': MF

112.8': MF
123.1': Smooth Joint
123.1' to 124.2': Cross
bedding
124.2': Fracture along 45
deg bedding
125.3': MF

SHALE - Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately Fractured, flat
bedding, bedding joints,
slightly to moderately
weathered joints, smooth
to slightly rough joints, Red
127.6' - 127.8' & 128.3' &
128.8': Multiple Joints
131.1' to 132.0': Highly
fractured zone

134.2': MF

135.4' to 137.0': Highly
weathered and fractured

Description

BWSTE Phase 2

N=772280.1, E=1870531.7

LOG

Elevation

5  of  8

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

205.0 ft

Rock Core

Lithology

Run

Depth

Run Depth RemarksRQD

SUBSURFACE
Page:

Rec. Ft.Depth

Rec. Ft.

Total Depth

Location

Boring No. B-13

ST
AN

TE
C

/F
M

SM
_L

EG
AC

Y 
 P

R
EL

IM
IN

AR
Y 

BO
R

IN
G

S.
G

PJ
  F

M
SM

-G
R

AP
H

IC
 L

O
G

.G
D

T 
 1

/2
7/

16



10.0

10.0

10.0

100

100

100

10.0

10.0

10.0

141.1

151.1

161.1

Vert. Fracture
from 142.4ft to
142.8ft

23 min run;
WP= 275 psi,
DP= 500 psi;
O2 = 20.8%

Clay Filled Joint
at 152.9ft &
153.8ft

20 min run;
WP= 300 psi,
DP= 500 psi;
O2 = 20.8%

859.3 139.5

45

62

64

zone

138.2': Clay filled Joint

139.2': Rough Joint
SHALE - Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray
139.5' to 139.9': Highly
weathered and fractured
zone
140.2': Clay filled Joint
141.1' to 141.4': Rough
Joint
143.6' to 143.7': Clay
Seam
143.9': MF
144.7' to 145.0': Rough
Joint
149.2' to 149.5': Vert.
Fracture
150.1' - 150.9': Multiple
Joints
151.3': MF
152.6': Smooth Joint

156.8': MF

158.4': Smooth Joint
159.0' to 159.6':
Weathered zone with clay
filled Joints
160.1': Smooth Joint

162.2' and 164.4': MF

Description

BWSTE Phase 2

N=772280.1, E=1870531.7
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10.0

10.0

10.0

98

97

100

9.8

9.7

10.0

171.1

181.1

191.1

18 min run;
WP= 250 psi,
DP= 475 psi;
O2 = 20.8%

14 min run;
WP= 300 psi,
DP= 500 psi;
O2 = 20.8%

15 min run;
WP= 350 psi,
DP= 500 psi;
O2 = 20.8%,
H2S = 1%

98

97

SHALE - Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray   (Continued)

171.9': MF

174.7': Smooth Joint
175.3': MF

180.0': Smooth Joint

181.0': 45 deg fracture
181.7': MF

183.7' to 184.0': Vert.
Fracture

185.6' to 186.0': Vert.
Fracture

187.9': Smooth Joint
188.3': MF

191.4': Smooth Joint

Description

BWSTE Phase 2

N=772280.1, E=1870531.7
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Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058
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10.0

3.9

97

100

9.7

3.9

201.1

205.0

27 min run;
WP= 300 psi,
DP= 500 psi;
O2 = 20.8%

793.8 205.0

97

192.9': MF
SHALE - Soft, Moderately
Weathered, Very Fine
Grained, Thinly Bedded,
Moderately to Highly
Fractured, flat bedding,
bedding joints, slightly to
moderately weathered
joints, slightly rough joints,
Gray   (Continued)
193.7': Vert. Fracture
198.7': MF

201.6': MF

202.6': Smooth Joint

Bottom of Hole

Top of Rock = 8.4
Elevation (990.4)

No sampling of overburden soils, description is based on visual observations of auger
cuttings.

Used approximately 11 bags of portland cement (~94 lb/bag) with approximately 100 gallons
of water to backfill hole.

No groundwater encountered prior to coring bedrock.

Description

BWSTE Phase 2

N=772280.1, E=1870531.7
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Stantec Consulting Services, Inc.

173409058

205.0 ft
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2.7

5.0

10.0

100

100

100

Began Core

2.7

5.0

10.0

10.7

15.7

25.7

WP = 300 psi,
DP = 450 psi;
O2 = 21.3%

WP = 300 psi,
DP = 400 psi;
O2 = 21.3%

WP = 200 psi,
DP = 500 psi;
COMB = 4%,
O2 = 20.8%

Block off at
24.2ft

1000.3 8.0

0

26

62

Light Brown LEAN CLAY
(No Sampling)

SANDSTONE - Hard,
Highly Weathered, Medium
Grained, Thinly Bedded,
Highly Fractured, flat
bedding, highly weathered
joints, smooth to rough
joints, Gray
8.4': Smooth Joint
Highly weathered joints
throughout core
9.0' to 9.2': Rough Joint
9.8': 45 deg fracture
10.4' to 10.7': Highly
weathered zone
10.7' to 10.9': Rough Joint
11.8' to 12.1': Vert. fracture
13.2': 45 deg fracture
14.5': MF
15.6': Clay Filled Joint
15.8': Clay Filled Joint
16.6': 45 deg fracture
19.1' to 19.7': Vert Fracture

21.6': Clay Seam

23.0': 45 deg fracture
23.2': Clay seam with rock
fragments
23.8' to 24.0': Rough Joint

Date/Time

Date/Time

1008.3 ft

10/15/15 10/20/15Completed

P. Cichocki

J. Musselman DryDriller

0.0

Surface Elevation

Date Started

Depth to Water

Depth to Water

Top of Hole

N/A

Stantec

1008.3

Geotechnical Exploration

N/A

County

Project Type

Supervisor

Logged By

Franklin County, OH

10/20/15

Description

BWSTE Phase 2

N=774538.3, E=1870699.6

LOG

Elevation

1  of  8

Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058
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Rock Core
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10.0

10.0

100

100

10.0

10.0

35.7

45.7

WP = 200 psi,
DP = 500 psi;
O2 = 20.8%

Clay Filled Joint
at 36.5ft

WP = 200 psi,
DP = 500 psi;
COMB = 4%,
O2 = 21.1%

WP = 200 psi,
DP = 500 psi;
COMB = 4%,
O2 = 21.4%

82

55

SANDSTONE - Hard,
Highly Weathered, Medium
Grained, Thinly Bedded,
Highly Fractured, flat
bedding, highly weathered
joints, smooth to rough
joints, Gray   (Continued)
27.7': MF

30.4': Clay filled Joint

34.2' and 34.4': Clay filled
joints with rock fragments
34.7': MF
35.6' to 35.7': Rough Joint
35.7' to 35.8': Rough Joint

37.9': MF

39.1' to 39.3': Rough Joint
39.7': MF

Verticle fracture

43.2' and 43.4': Clay Filled
Joint
43.8' to 44.0': Clay Seam
with rock fragments

46.7' to 46.8': Clay seam
with rock fragments
47.2': Weathered fracture

48.7' and 48.8': MF

50.1': Clay seam with rock
fragments
51.4' to 52.7': Interbedded
shale zone

53.1': 30 deg fracture

Description

BWSTE Phase 2

N=774538.3, E=1870699.6
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Sample #

1/27/16

Project Number

Project Name

Mois.Cont. %

Rec. %

BlowsOverburden

Stantec Consulting Services, Inc.

173409058

205.5 ft
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10.0

10.0

10.0

100

100

100

10.0

10.0

10.0

55.7

65.7

75.7

60% Sandstone;
40% Gray Shale

WP = 300 psi,
DP = 500 psi;
COMB = 6%,
O2 = 21.4%

50% Sandstone;
50% Gray Shale

WP = 200 psi,
DP = 500 psi;
COMB = 7%,
O2 = 21.5%

85% Gray
Shale; 15%
Sandstone

WP = 200 psi,
DP = 500 psi;
COMB = 6%,
O2 = 21.5%

952.6 55.7 49

14

40

54.6': MF
54.9': Clay Filled Joint
SANDSTONE - Soft,
Highly Weathered, Very
Fine Grained, Thin
Bedded, Highly Fractured,
Shale Interbedding, flat
bedding, highly weathered
joints, rough joints, Gray
56.7' to 56.9': Vert.
Fracture
57.1' to 58.4': Multiple
Joints
58.7': 30 deg fracture
60.1': 45 deg Fracture
60.6' to 60.7': Rough Joint
61.8': 45 deg fracture
64.3': MF

65.6' to 65.7': Highly
Fractured
66.2': Clay Filled Joint
66.2' to 66.4': Sandstone
seam
67.2' to 67.3': Vert.
Fracture in Sandstone
68.4', 68.6', and 68.7': MF
69.4': Weathered Fracture

69.4' to 71': Sandstone
Seam / Verticle fracture

73.8' to 73.9': Clay Seam

74.3' & 76.4': Smooth Joint
76.7' to 77.1': Rough Joint
77.1' to 77.2': Vert.
Fracture

78.1' to 79.0': Rough Joint;
deep bedding grooves
throught core

81.2': Weathered Fracture

83.1': Highly Weathered

Description

BWSTE Phase 2

N=774538.3, E=1870699.6
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10.0

10.0

10.0

100

100

100

10.0

10.0

10.0

85.7

95.7

105.7

Deep Bedding
grooves
throughout core

Smooth Joint at
88.3ft

WP = 250 psi,
DP = 600 psi;
COMB = 3%,
O2 = 21.4%

Deep Bedding
grooves
throughout core

WP = 250 psi,
DP = 500 psi;
O2 = 21.5%

WP = 300 psi,
DP = 600 psi;
O2 = 21.3%

922.6 85.7 37

50

88

Joint
84.0', 84.2', and 84.7': MF

SHALE - Soft, Highly
Weathered, Very Fine
Grained, Thin Bedded,
Highly Fractured, flat
bedding, highly weathered
joints, rough joints, Gray to
Red
86.0' to 86.3': Highly
Fractured
88.0': MF
89.7': MF
91.0' to 91.2': Clay seam
with rock fragments
92.7': MF

95.0' to 95.3': Rough Joint
95.4': Clay Filled Joint

96.4': Smooth Joint

97.7': MF
98.1': Clay Filled Joint

100.7': MF

103.0': Clay Filled Joint

106.4': MF

108.5' to 108.6': Highly
Fractured and highly
weathered zone
109.8' to 109.9': Highly
weathered zone
111.3': Smooth Joint

Description
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10.0

10.0

10.0

100

100

100

10.0

10.0

10.0

115.7

125.7

135.7

WP = 300 psi,
DP = 600 psi;
O2 = 21.3%

WP = 300 psi,
DP = 600 psi;
O2 = 21.3%;
H2S = 1%

80% Black
Shale; 20% Red
Shale

WP = 300 psi,
DP = 600 psi;
O2 = 20.8%

872.6 135.7

98

38

13

SHALE - Soft, Highly
Weathered, Very Fine
Grained, Thin Bedded,
Highly Fractured, flat
bedding, highly weathered
joints, rough joints, Gray to
Red   (Continued)
114.9': MF
115.9': MF
118.0' to 118.1': Clay seam

119.5' to 119.6': Clay seam
120.2' to 120.4': Rough
Joint
Clay seam at 121.3' to
121.4' and from 121.5' to
121.6'
122.5': Clay Filled Joint
123.4' to 123.6': Highly
Fractured, Highly
weathered
124.0' to 124.2': Rough
Joint
124.7' to 125.5': Rough
Joint
126.3' to 126.4':
Moderately weathered clay
and rock filled Joint
45 deg fractures at 126.8',
127.0', and 128.4'
130.1' to 130.4': Rough
Joint
131.2': MF
131.8' to 132.5': Rough
Joint
132.8' to 134.0': Highly
Fractured zone

134.8' to 134.9': Highly
weathered
135.1' to 135.3': Highly
weathered, highly fractured
SHALE - Soft, slightly
Weathered, Very Fine
Grained, Thin Bedding,
Slightly to Moderately
Fractured, flat bedding,
slightly to moderately
weathered joints, smooth
joints, Black interbedded
with Red

Description

BWSTE Phase 2

N=774538.3, E=1870699.6
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10.0

10.0

5.0

10.0

100

100

100

100

10.0

10.0

5.0

10.0

145.7

155.7

160.7

170.7

90% Black
Shale; 10% Red
Shale

WP = 200 psi,
DP = 500 psi;
O2 = 20.8%

WP = 200 psi,
DP = 500 psi;
O2 = 20.8%

WP = 200 psi,
DP = 500 psi;
O2 = 20.8%

82

77

78

97

136.9': Clay Joint
138.4': MF
142.4': Smooth Joint
SHALE - Soft, slightly
Weathered, Very Fine
Grained, Thin Bedding,
Slightly to Moderately
Fractured, flat bedding,
slightly to moderately
weathered joints, smooth
joints, Black interbedded
with Red   (Continued)
143.7' and 143.9': Clay
Filled Joint
145.2': MF
146.6': Clay Filled Joint
147.0' to 147.1': Rough
Joint
147.3' through 147.7': Red
Shale Joints
148.0' to 148.3': Clay filled
joint with rock fragments
148.6' and 148.7': Highly
weathered Joints
149.9': MF
151.6': Moderately
weathered clay Joint
153.7': MF
155.1': Smooth Joint
156.6': Clay Joint
156.8' & 156.9': Clay Filled
Joints with rock fragments
157.0' to 157.1': Clay seam
Clay Joints at 159.7',
159.8' and 159.9'

165.5': MF

166.8': MF

Description

BWSTE Phase 2
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5.0

5.0

10.0

10.0

100

100

100

100

5.0

5.0

10.0

10.0

175.7

180.7

190.7

200.7

WP = 200 psi,
DP = 500 psi;
O2 = 21.1%

WP = 200 psi,
DP = 500 psi;
COMB = 1%;
O2 = 20.8%

WP = 250 psi,
DP = 500 psi;
O2 = 20.8%

WP = 275 psi,
DP = 525 psi;
O2 = 20.7%

86

84

100

100

SHALE - Soft, slightly
Weathered, Very Fine
Grained, Thin Bedding,
Slightly to Moderately
Fractured, flat bedding,
slightly to moderately
weathered joints, smooth
joints, Black interbedded
with Red   (Continued)
172.0': MF
174.7': MF
176.2': Smooth Joint
178.0': MF

180.3' to 180.5': Rough
Joint

181.9': Clay Filled Joint

184.2': Rough Joint

189.5': MF

191.9': Smooth Joint
192.4' & 192.8': MF

194.2': MF

198.7': Smooth Joint
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BWSTE Phase 2
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4.8 1004.8 205.5

WP = 250 psi,
DP = 500 psi;
O2 = 20.8%

802.8 205.5 100

201.1': Smooth Joint

202.6': MF

204.6': MF

Bottom of Hole

Top of Rock = 8.0
Elevation (1000.3)

No sampling of overburden soils, description is based on visual observations of auger
cuttings.

Used approximately 10 bags of portland cement (~94 lb/bag) with approximately 90 gallons of
water to backfill hole.

No groundwater encountered prior to coring bedrock.
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Began Core

27-19-8

2-6-5

2-2-3

2-3-7

5-6-8

2-6-21

50/5"

1.0

1.2

0.6

1.5

1.5

1.0

0.4

HP = 1.0 - 1.5
tsf

HP = 2.5 - 3.0
tsf

HP = 2.0 tsf

HP = 1.0 tsf

HP = 2.0 - 2.5
tsf

Mud Rotary at
8.5ft

WP = 275 psi,
DP = 450 psi;
O2 = 20.8%

--

--

--

--

--

--

--

1.0 - 2.5

2.5 - 4.0

4.0 - 5.5

5.5 - 7.0

7.0 - 8.5

8.5 - 10.0

10.0 - 10.6

SPT-1

SPT-2

SPT-3

SPT-4

SPT-5

SPT-6

SPT-7

998.6

991.1

989.0

1.0

8.5

10.6

Asphalt Pavement

Brown LEAN CLAY with
Gravel, stiff to very stiff, dry
to damp

GRAVEL with Brown LEAN
CLAY, very stiff, dry to
damp

SANDSTONE - Hard,
Highly Weathered, Medium
Grained, Thinly Bedded,
Highly Fractured, flat
bedding, highly weathered
joints, smooth to rough
joints, Gray to Tan.
11.3' - 11.6' & 13': Rough
Joints
13.3': 45 deg Fracture

15.5' to 15.7': Vert.
Fracture

Date/Time

Date/Time

999.6 ft

10/21/15 10/21/15Completed

E. Magoto

J. Musselman DryDriller

0.0

Surface Elevation

Date Started

Depth to Water

Depth to Water

Top of Hole

N/A

Stantec

999.6

Geotechnical Exploration

N/A

County

Project Type

Supervisor

Logged By

Franklin County, OH

10/21/15

Description

BWSTE Phase 2

N=775783.7, E=1872072.1
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10.0

10.0

100

100

10.0

10.0

20.6

30.6

WP = 250 psi,
DP = 425 psi;
O2 = 20.8%

969.0 30.6

22

58

SANDSTONE - Hard,
Highly Weathered, Medium
Grained, Thinly Bedded,
Highly Fractured, flat
bedding, highly weathered
joints, smooth to rough
joints, Gray to Tan. 
(Continued)
16.2' to 16.4': Deep
Bedded groves
17.3': Rough Joint

20.0': Smooth Joint

26.6': Clay Filled Joint

27.7': Clay Filled Joint

28.4': Highly Weathered
zone and Fractured zone
29.0' to 29.1': Clay Seam

29.7': Smooth Joint

Bottom of Hole

Top of Rock = 10.6
Elevation (989.0)

Used approximately 2 bags of portland cement (~94 lb/bag) with approximately 20 gallons of
water to backfill hole.

No groundwater encountered prior to coring bedrock.
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121.0 to 126.0'  BEDFORD SHALE, red,
very fine grained, slightly to moderately
weathered, soft to moderately hard, thinly
bedded, slightly weathered joints

126.0 to 149.0'  BEDFORD SHALE,
grey, very fine grained, slightly to
moderately weathered, soft to moderately
hard, thinly bedded, slightly weathered
joints

149.0 to 165.0'  OHIO SHALE, black,
very fine grained, slightly to moderately
weathered, moderately hard, slightly to
moderately fractured, thinly bedded

Refer to soil borings for details on
soil descriptions/characteristics

Top of Rock @ 121.0'
Run-1 121.0' - 126'  22 minute run
Down Pressure = 400 Psi

Run-2 126.0' - 131.0'  15  minute
run
Down Pressure = 350 Psi

Run-3 131.0' - 136.0' 14 minute run
Down Pressure = 400 Psi

Run-4 136.0' - 141.0' 15 minute run
Down Pressure = 450 Psi

Run-5 141.0' - 146.0' 13 minute run
Down Pressure = 450 Psi

Run-6 146.0' - 151.0'  13 minute
run
Down Pressure = 400 Psi
147.1' - 148.1'  UCS = 2,552 Psi

Run-7 151.0' - 156.0' 13 minute run
Down Pressure = 400 Psi

153.3' - 153.8'  UCS = 3,738 Psi

1.
6

1.
4

0.
8

1.
4

0.
8

1.
4

1

121.3'  0-5°, B, R4-R5, O, Pl, Cl
121.8'  0-5°, B, R4, O, Pl, Cl
122.3'  to 122.4'  fractured rock
122.8'  0-5°, B, R4, O, Pl, Cl
123.2'  0-5°, B, R4, O, Pl, Cl
123.6'  0-5°, B, R4-R5, O, Pl, Cl
123.8'  to 124.2'  fractured rock
124.6'  0-5°, B, R4, O, Pl, Cl
124.9'  0-5°, B, R4-R5, O, Pl, Cl
125.3'  to 125.6'  fractured rock

126.3'  0-5°, B, R4-R5, PtO-t, Pl, Cl

127.2'  0-5°, B, R5, O, Pl, Cl
127.4'  0-5°, B, R4-R5, O, Pl
127.8'  0-5°, B, R4-R5, PtO-t, Pl
128.8'  0-5°, B, R4-R5, O, Pl, Cl

129.6'  0-5°, B, R4-R5, O, Pl

130.4'  0-5°, B, R4-R5, O, Pl, Cl

131.5'  0-5°, B, R4-R5, O, Pl

133.5'  0-5°, B, R4-R5, O, Pl, Cl
134.2'  0-5°, B, R4-R5, O, Pl, Cl

135.5'  0-5°, B, R4-R5, O, Pl, Cl

137.5'  0-5°, B, R4-R5, PtO-t, Pl

138.7'  0-5°, B, R4-R5, O, Pl
138.8'  0-5°, B, R4-R5, PtO-t, Pl
139.1'  0-5°, B, R4-R5, PtO-t, Pl
139.5'  0-5°, B, R4-R5, O, Pl
139.9'  0-5°, B, R4-R5, PtO-t, Pl
140.5'  0-5°, B, R4, O, Pl
141.5'  0-5°, B, R4-R5, O, Pl

143.3'  0-5°, B, R4-R5, PtO-t, Pl
143.9'  0-5°, B, R4, O, Pl

145.0'  0-5°, B, R4-R5, O, Pl

146.5'  0-5°, B, R4, O, Pl
147.0'  0-5°, B, R4-R5, PtO-t, Pl

148.2'  0-5°, B, R4-R5, O, Pl
148.6'  0-5°, B, R4-R5, O, Pl
148.9'  0-5°, B, R4-R5, O, Pl
149.5'  0-5°, B, R4-R5, O, Pl

150.5'  0-5°, B, R4-R5, O, Pl

152.1'  60°, Jt, R4, O, Und
152.4'  0-5°, B, R4-R5, PtO-t, Pl
152.8'  0-5°, B, R4, O, Pl
153.3'  0-5°, B, R4-R5, PtO-t, Pl

154.8'  0-5°, B, R4, O, Pl
155.5'  0-5°, B, R4-R5, PtO-t, Pl

1
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4

5

6
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End of Boring at 165.0 feet

Run-8 156.0' - 161.0'  9 minute run
Down Pressure = 300 - 400 Psi

Run-9 161.0' - 165.0' 12 minute run
Down Pressure = 300 Psi
Methane gas encountered during
coring rod removal

Encountered methane during core
removal

1.
6

1.
6

156.2'  0-5°, B, R4, PtO-t, Pl
156.3'  0-5°, B, R4-R5, O, Pl
157.1'  0-5°, B, R4, PtO-t, Pl
157.3'  0-5°, B, R4-R5, O, Pl
157.5'  0-5°, B, R4, O, Pl
158.3'  0-5°, B, R4-R5, PtO-t, Pl
159.0'  0-5°, B, R4, O, Pl

160.5'  0-5°, B, R4-R5, PtO-t, Pl

161.7'  0-5°, B, R4, O, Pl

162.5'  0-5°, B, R4, O, Pl

163.3'  to 163.9'  0-5°, 3 Bs, R4-R5, O, Pl
164.0'  0-5°, B, R4, O, Und
164.4'  0-5°, B, R4-R5, PtO-t, Pl, Cl
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123.6 to 129.6'  BEDFORD SHALE, red,
very fine grained, slightly to moderately
weathered, soft to moderately hard, thinly
bedded, slightly weathered joints

129.6 to 152.6'  BEDFORD SHALE,
grey, very fine grained, slightly to
moderately weathered, soft to moderately
hard, thinly bedded, slightly weathered
joints

152.6 to 180.6'  OHIO SHALE, black,
very fine grained, slightly to moderately
weathered, moderately hard, slightly to
moderately fractured, thinly bedded

Refer to soil borings for details on
soil descriptions/characteristics

Top of Rock 123.6'
Run-1 123.6' - 127.6'  30 minute
run
Down Pressure = 400 - 500 Psi

Run-2 127.6' - 132.6'  25 minute
run
Down Pressure = 450 Psi

Run-3 132.6' - 142.6'  35 minute
run
Down Pressure = 450 - 575 Psi

Run-4 142.6' - 152.6'  30 minute
run
Down Pressure = 600 Psi

Run-5 152.6' - 162.6'  50 minute
run
Down Pressure = 600 Psi

1.
8

3.
2

1.
5

1.
2

1.
2

124.0'  0-5°, B, R4, O, Pl, Cl
124.2'  0-5°, B, R4-R5, O, Pl, Cl
124.3'  0-5°, B, R4, O, Pl
124.5'  0-5°, B, R4, O, Pl, Cl
124.9'  0-5°, B, R4, PtO-t, Pl
125.0'  0-5°, B, R4-R5, O, Pl, Cl
125.1'  0-5°, B, R4, O, Pl, Cl

127.7'  0-5°, B, R4-R5, O, Pl, Cl
128.1'  0-5°, B, R4-R5, PtO-t, Pl
128.2'  0-5°, B, R4, O, Pl
128.5'  0-5°, B, R5, t, Pl
128.9'  0-5°, B, R5, PtO-t, Pl
129.0'  0-5°, B, R4-R5, O, Pl
129.2'  0-5°, B, R4, O, Pl
129.3'  0-5°, B, R5, PtO-t, Pl
129.4'  0-5°, B, R5, t, Pl
129.5'  0-5°, B, R4-R5, O, Pl
129.8'  0-5°, B, R5, t, Pl
130.0'  0-5°, B, R4, O, Pl
130.1'  0-5°, B, R5, PtO-t, Pl
130.2'  0-5°, B, R5, PtO-t, Pl
130.6'  0-5°, B, R4-R5, O, Pl
131.6'  0-5°, B, R5, t, Pl
134.6'  0-5°, B, R5, PtO-t, Pl
134.7'  to 134.9 90° Jt, R4, O, Und
135.1'  0-5°, B, R5, t, Pl
135.7'  0-5°, B, R4, O, Pl
136.4'  0-5°, B, R5, PtO-t, Pl
136.5'  0-5°, B, R5, t, Pl

139.0'  to 139.2 fractured rock

139.8'  0-5°, B, R5, PtO-t, Pl
140.2'  0-5°, B, R4-R5, O, Pl
140.3'  0-5°, B, R4, O, Pl
140.4'  0-5°, B, R5, PtO-t, Pl
140.8'  0-5°, B, R5, t, Pl
141.2'  0-5°, B, R4-R5, O, Pl
141.5'  0-5°, B, R5, t, Pl
142.1'  0-5°, B, R4, O, Pl

144.0'  0-5°, B, R5, PtO-t, Pl

144.9'  0-5°, B, R4, O, Pl
145.3'  0-5°, B, R5, PtO-t, Pl

146.2'  0-5°, B, R5, t, Pl
146.8'  0-5°, B, R4-R5, O, Pl
147.3'  0-5°, B, R5, t, Pl

148.9'  0-5°, B, R4, O, Pl

149.9'  0-5°, B, R4-R5, O, Pl
150.3'  0-5°, B, R5, t, Pl
150.9'  0-5°, B, R4, O, Pl
151.6'  0-5°, B, R5, PtO-t, Pl
151.9'  0-5°, B, R5, PtO-t, Pl

152.9'  0-5°, B, R5, t, Pl

154.9'  0-5°, B, R5, PtO-t, Pl
155.1'  0-5°, B, R5, PtO-t, Pl
155.2'  0-5°, B, R4, O, Pl
155.9'  0-5°, B, R5, PtO-t, Pl

157.2'  0-5°, B, R5, t, Pl

158.0'  0-5°, B, R4-R5, O, Pl
158.4'  0-5°, B, R5, t, Pl

1

2

3

4

5

Prepared By: A. Mirza

Orientation: Vertical
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Date Start: 11/28/17       End:  12/4/17

Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 2

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S. P

Logged By: John Ristow/ AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  975.1 feet MSL

Bottom Elevation: 794.5 feet MSL

Total Depth: 180.6 feet
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End of Boring at 180.6 feet

Run-6 162.6' - 172.6'  45 minute
run
Down Pressure = 600 Psi

Run-7 172.6' - 180.6'  30 minute
run
Down Pressure = 600 Psi

1.
2

1.
5

1.
4

159.2'  0-5°, B, R4, O, Pl
159.9'  0-5°, B, R4-R5, O, Pl
160.2'  0-5°, B, R5, t, Pl
160.8'  0-5°, B, R4, O, Pl

163.2'  0-5°, B, R5, PtO-t, Pl
163.6'  0-5°, B, R5, PtO-t, Pl
163.9'  0-5°, B, R5, PtO-t, Pl

165.1'  0-5°, B, R4, O, Pl
165.5'  0-5°, B, R5, PtO-t, Pl
166.1'  0-5°, B, R4-R5, O, Pl

167.0'  0-5°, B, R5, t, Pl
167.6'  to 167.8 90° Jt, R4, O, Und
168.0'  0-5°, B, R4-R5, O, Pl
168.6'  0-5°, B, R5, t, Pl

170.4'  0-5°, B, R4, O, Pl
171.0'  0-5°, B, R4-R5, O, Pl

171.8'  0-5°, B, R5, t, Pl
172.0'  0-5°, B, R4, O, Pl
172.3'  0-5°, B, R5, PtO-t, Pl
172.9'  0-5°, B, R5, PtO-t, Pl
173.1'  0-5°, B, R4, O, Pl
173.8'  0-5°, B, R5, PtO-t, Pl
174.0'  0-5°, B, R5, t, Pl
174.6'  0-5°, B, R4, O, Pl
175.6'  0-5°, B, R5, PtO-t, Pl
176.0'  0-5°, B, R4, O, Pl
176.3'  0-5°, B, R5, PtO-t, Pl
177.0'  0-5°, B, R4, O, Pl
177.6'  0-5°, B, R4, O, Pl

5

6

7

Prepared By: A. Mirza

Orientation: Vertical

D
ep

th
, f

ee
t

Coordinates: N 765509.6   E 1867882.3

Location: Tunnel Alignment

R
ec

o
ve

ry
, %

Date Start: 11/28/17       End:  12/4/17
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S. P

Logged By: John Ristow/ AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  975.1 feet MSL

Bottom Elevation: 794.5 feet MSL

Total Depth: 180.6 feet
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60.0 to 80.0'  BEREA SANDSTONE
interbedded with BEDFORD SHALE
BEREA SANDSTONE, grey, fine
grained, slightly weathered, hard, slightly
fractured along flat bedding,
BEDFORD SHALE, grey, very fine
grained, slightly weathered, soft, thinly
bedded

80.0 to 104.0'  BEDFORD SHALE grey,
fine grained, slightly weathered, soft,
thinly bedded, flat

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @ 60.0'
Run-1 60.0' - 64.0'  15 minute run
Down Pressure = 450 Psi

Run-2 64.0' - 65.0'  10 minute run
Down Pressure = 200 Psi
Run-3 65.0' - 70.0'  15 minute run
Down Pressure = 300 Psi

Run-4 70.0' - 80.0' 40 minute run
Down Pressure = 350 Psi

Run-5 80.0' - 90.0'  25 minute run
Down Pressure = 400 Psi

Run-6 90.0' - 100.0'  25 minute run
Down Pressure = 400 Psi

N
/A

1.
0

2.
8

1.
4

3.
6

2.
9

60.0'  to 60.4'  fractured rock
60.6'  to 60.8'  fractured rock
61.2'  to 62.0'  fractured rock

64.8'  0-5°, B, R3-R4, O, Pl, Cl
65.2'  0-5°, B, R4, O, Pl, Cl
65.4'  to 65.5'  fractured rock
65.7'  0-5°, B, R3-R4, O, Pl, Cl
65.9'  0-5°, B, R4-R5, O, Pl, Cl
66.1'  0-5°, B, R5, PtO-t, Pl
66.4'  0-5°, B, R4, O, Pl
66.7'  0-5°, B, R4-R5, O, Pl
67.1'  0-5°, B, R5, PtO-t, Pl
67.5'  0-5°, B, R4, O, Pl
67.7'  0-5°, B, R3-R4, O, Pl, Cl
68.3'  0-5°, B, R4, O, Pl
68.7'  0-5°, B, R4-R5, O, Pl
69.3'  0-5°, B, R4, O, Pl, Cl
69.7'  0-5°, B, R3-R4, O, Pl, Cl
70.0'  to 70.3'  fractured rock
70.5'  0-5°, B, R4, O, Pl
70.7'  30°, Jt, R3-R4, O, Und
71.0'  0-5°, B, R5, PtO-t, Pl
71.7'  0-5°, B, R4, O, Pl
72.0'  0-5°, B, R4-R5, O, Pl
72.4'  0-5°, B, R5, PtO-t, Pl
72.8'  0-5°, B, R4, O, Pl
73.4'  0-5°, B, R3-R4, O, Pl
73.7'  0-5°, B, R5, PtO-t, Pl
73.9'  0-5°, B, R4, O, Pl
74.3'  70°, Jt, R4, O, Und
75.7'  70°, Jt, R4, O, Und

80.2'  to 80.3  fractured rock
80.4'  0-5°, B, R4-R5, O, Pl
80.5'  0-5°, B, R5, PtO-t, Pl
80.6'  0-5°, B, R4, O, Pl
80.7'  0-5°, B, R3-R4, O, Pl
81.1'  0-5°, B, R5, PtO-t, Pl
81.2'  0-5°, B, R4, O, Pl
81.3'  0-5°, B, R5, t, Pl
81.4'  0-5°, B, R4-R5, O, Pl
81.5'  0-5°, B, R5, PtO-t, Pl
81.7'  0-5°, B, R4, O, Pl
81.8'  0-5°, B, R4-R5, O, Pl
82.0'  0-5°, B, R4, O, Pl
82.1'  0-5°, B, R4, O, Pl
82.2'  0-5°, B, R4-R5, O, Pl
82.4'  0-5°, B, R5, PtO-t, Pl
82.6'  0-5°, B, R4, O, Pl
83.0'  0-5°, B, R5, t, Pl
83.4'  0-5°, B, R4-R5, O, Pl
83.6'  0-5°, B, R4-R5, O, Pl
83.8'  0-5°, B, R5, PtO-t, Pl
84.2'  0-5°, B, R4, O, Pl
84.6'  0-5°, B, R3-R4, O, Pl
85.3'  0-5°, B, R5, PtO-t, Pl
85.6'  0-5°, B, R4, O, Pl
86.1'  0-5°, B, R5, t, Pl
86.4'  0-5°, B, R4-R5, O, Pl
87.0'  0-5°, B, R5, PtO-t, Pl
87.3'  0-5°, B, R4, O, Pl
87.5'  0-5°, B, R4-R5, O, Pl
87.7'  0-5°, B, R4, O, Pl
87.8'  0-5°, B, R4, O, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/ AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  981.6 feet MSL

Bottom Elevation: 796.6 feet MSL

Total Depth: 185.0 feet
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104.0 to 135.5'  BEDFORD SHALE red,
very fine grained, slightly weathered, soft,
thinly bedded, flat

Run-7 100.0' - 110.0'  24 minute
run
Down Pressure = 425 Psi

Run-8 110.0' - 120.0'  11 minute
run
Down Pressure 450 Psi

Run-9 120.0' - 130.0'  23 minute
run
Down Pressure = 450 Psi

Run-10 130.0' - 140.0'  25 minute
run
Down Pressure = 400 - 450 Psi

2.
9

2.
8

3.
4

1.
4

1.
3

88.1'  0-5°, B, R4-R5, O, Pl
88.5'  0-5°, B, R5, PtO-t, Pl
88.9'  0-5°, B, R4-R5, O, Pl
89.2'  0-5°, B, R4, O, Pl
89.5'  0-5°, B, R4, O, Pl
90.0'  0-5°, B, R4-R5, O, Pl
90.3'  0-5°, B, R5, PtO-t, Pl
90.7'  0-5°, B, R4, O, Pl
90.8'  0-5°, B, R5, t, Pl
90.9'  0-5°, B, R4-R5, O, Pl
91.0'  0-5°, B, R4-R5, O, Pl
91.2'  0-5°, B, R5, PtO-t, Pl
91.5'  0-5°, B, R4, O, Pl
91.7'  0-5°, B, R3-R4, O, Pl
91.8'  0-5°, B, R5, PtO-t, Pl
92.0'  0-5°, B, R4, O, Pl
92.1'  0-5°, B, R5, t, Pl
92.4'  0-5°, B, R4-R5, O, Pl
93.5'  0-5°, B, R5, PtO-t, Pl
94.2'  0-5°, B, R4, O, Pl
94.9'  0-5°, B, R5, PtO-t, Pl
95.0'  0-5°, B, R4, O, Pl
96.3'  0-5°, B, R5, t, Pl
96.4'  0-5°, B, R4-R5, O, Pl
96.8'  0-5°, B, R5, PtO-t, Pl
97.1'  0-5°, B, R5, t, Pl
97.6'  0-5°, B, R4-R5, O, Pl
97.8'  0-5°, B, R4-R5, O, Pl
97.9'  0-5°, B, R5, PtO-t, Pl
98.3'  0-5°, B, R4, O, Pl
98.8'  0-5°, B, R3-R4, O, Pl
99.0'  0-5°, B, R5, PtO-t, Pl
99.7'  0-5°, B, R4, O, Pl
99.9'  0-5°, B, R5, t, Pl
100.3'  0-5°, B, R4-R5, O, Pl
101.0'  0-5°, B, R5, PtO-t, Pl
101.3'  0-5°, B, R4, O, Pl
101.4'  0-5°, B, R5, PtO-t, Pl
101.5'  0-5°, B, R4, O, Pl
101.8'  0-5°, B, R5, PtO-t, Pl
102.0'  to 102.1'  fractured rock
102.8'  0-5°, B, R5, PtO-t, Pl
102.9'  0-5°, B, R5, t, Pl
103.1'  0-5°, B, R4-R5, O, Pl
103.4'  0-5°, B, R4-R5, O, Pl
103.9'  0-5°, B, R5, PtO-t, Pl
104.1'  0-5°, B, R4, O, Pl
104.4'  0-5°, B, R3-R4, O, Pl
104.5'  0-5°, B, R5, PtO-t, Pl
104.9'  0-5°, B, R4, O, Pl
105.0'  0-5°, B, R5, t, Pl
105.8'  0-5°, B, R4-R5, O, Pl
106.8'  0-5°, B, R5, PtO-t, Pl
107.1'  0-5°, B, R4, O, Pl
107.3'  0-5°, B, R5, PtO-t, Pl
107.4'  0-5°, B, R4, O, Pl
108.3'  0-5°, B, R5, PtO-t, Pl
108.7'  0-5°, B, R5, t, Pl
109.6'  0-5°, B, R4-R5, O, Pl
109.8'  0-5°, B, R5, PtO-t, Pl
109.9'  0-5°, B, R4, O, Pl
110.2'  0-5°, B, R5, PtO-t, Pl
110.3'  0-5°, B, R5, t, Pl
110.5'  0-5°, B, R4-R5, O, Pl
111.5'  to 111.8'  0-5, 4 Bs, R4-R5, O, Pl
112.1'  0-5°, B, R5, PtO-t, Pl
112.3'  0-5°, B, R4, O, Pl
112.4'  0-5°, B, R5, PtO-t, Pl
113.1'  0-5°, B, R5, t, Pl
113.2'  0-5°, B, R4-R5, O, Pl
113.3'  0-5°, B, R4-R5, O, Pl
113.5'  0-5°, B, R5, PtO-t, Pl
113.8'  0-5°, B, R4, O, Pl
114.1'  0-5°, B, R5, PtO-t, Pl
114.3'  0-5°, B, R4, O, Pl
114.5'  0-5°, B, R5, t, Pl
114.9'  0-5°, B, R4-R5, O, Pl
115.0'  0-5°, B, R5, PtO-t, Pl
115.2'  0-5°, B, R5, t, Pl
115.7'  0-5°, B, R4-R5, O, Pl
115.9'  0-5°, B, R4-R5, O, Pl
116.1'  0-5°, B, R5, PtO-t, Pl
116.3'  0-5°, B, R4, O, Pl
116.5'  0-5°, B, R3-R4, O, Pl
116.9'  0-5°, B, R5, PtO-t, Pl
117.3'  0-5°, B, R4, O, Pl
117.8'  0-5°, B, R4-R5, O, Pl
118.3'  0-5°, B, R5, PtO-t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/ AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  981.6 feet MSL

Bottom Elevation: 796.6 feet MSL

Total Depth: 185.0 feet

96

98

100

102

104

106

108

110

112

114

116

118

120

122

124

126

128

130

132

134

E
le

va
ti

o
n

,
fe

et
 M

S
L

R
Q

D
, 

%
Groundwater Depth: 9.1

886

884

882

880

878

876

874

872

870

868

866

864

862

860

858

856

854

852

850

848

R
u

n
 N

u
m

b
er

BORING NO. B-18

F
ra

ct
u

re
s 

/ 
ft

LA
K

E
 L

O
G

S
  B

W
S

T
E

_P
H

A
S

E
2_

R
O

C
K

 L
O

G
S

 (
7_

25
_2

01
9

).
G

P
J 

 K
LE

IN
F

E
LD

E
R

 L
V

 C
O

R
E

 A
P

R
06

.G
D

T
  8

/2
/1

9

66

65

65

85

93

100

99

100

100

100



135.5 to 156.0'  BEDFORD SHALE,
grey, very fine grained, slightly
weathered, soft, thinly bedded, flat

156.0 to 185.0'  OHIO SHALE black,
very fine grained, slightly weathered,
moderately hard, thinly bedded, flat

Run-11 140.0' - 150.0'  26 minute
run
Down Pressure = 450 Psi

Run-12 150.0' - 160.0'  23 minute
run
Down Pressure = 400 Psi

152.7' - 153.0'  UCS = 4,621 Psi

Run-13 160.0' - 170.0'  16 minute
run
Down Pressure = 500 Psi
161.0' - 161.4'  UCS = 5,621 Psi

Run-14 170.0' - 180.0'  25 minute
run
Down Pressure = 500 Psi

1.
3

0.
6

0.
6

0.
4

0.
8

119.0'  0-5°, B, R4, O, Pl
119.6'  0-5°, B, R5, PtO-t, Pl
119.9'  0-5°, B, R4, O, Pl
120.1'  0-5°, B, R5, t, Pl
120.2'  0-5°, B, R4-R5, O, Pl
122.5'  0-5°, B, R5, PtO-t, Pl
123.8'  0-5°, B, R5, t, Pl
124.4'  0-5°, B, R4-R5, O, Pl
124.9'  0-5°, B, R3-R4, O, Pl
125.0'  0-5°, B, R5, PtO-t, Pl
126.0'  0-5°, B, R4, O, Pl
126.8'  0-5°, B, R4-R5, O, Pl
127.1'  0-5°, B, R5, PtO-t, Pl
128.3'  0-5°, B, R4, O, Pl
129.1'  0-5°, B, R5, PtO-t, Pl
129.9'  0-5°, B, R4, O, Pl
130.8'  0-5°, B, R4-R5, O, Pl
131.9'  0-5°, B, R5, PtO-t, Pl
132.4'  45°, Jt, R3-R4, O, Und
133.6'  0-5°, B, R4, O, Pl
133.9'  0-5°, B, R4-R5, O, Pl
134.2'  30°, Jt, R4, O, Und
135.2'  0-5°, B, R5, PtO-t, Pl
135.8'  0-5°, B, R5, t, Pl
135.9'  0-5°, B, R4-R5, O, Pl
137.7'  0-5°, B, R4-R5, O, Pl
138.1'  0-5°, B, R5, PtO-t, Pl
138.7'  0-5°, B, R4, O, Pl
139.7'  0-5°, B, R3-R4, O, Pl
143.0'  0-5°, B, R5, PtO-t, Pl
145.2'  0-5°, B, R4, O, Pl
145.8'  0-5°, B, R4-R5, O, Pl
147.7'  0-5°, B, R5, PtO-t, Pl
147.9'  0-5°, B, R4, O, Pl
148.2'  0-5°, B, R5, PtO-t, Pl
150.6'  0-5°, B, R4, O, Pl

151.7'  0-5°, B, R5, t, Pl

154.9'  0-5°, B, R4, O, Pl

156.5'  0-5°, B, R4-R5, O, Pl
157.0'  0-5°, B, R4-R5, O, Pl

159.2'  0-5°, B, R5, PtO-t, Pl

161.8'  0-5°, B, R4, O, Pl

163.1'  0-5°, B, R3-R4, O, Pl

165.7'  0-5°, B, R5, PtO-t, Pl

167.3'  0-5°, B, R4, O, Pl

171.8'  0-5°, B, R4-R5, O, Pl

173.9'  0-5°, B, R5, PtO-t, Pl
174.5'  0-5°, B, R4, O, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/ AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  981.6 feet MSL

Bottom Elevation: 796.6 feet MSL

Total Depth: 185.0 feet
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End of Boring at 185.0 feet

Run-15 180.0' - 185.0'  12 minute
run
Down Pressure = 500 Psi

0.
8

0.
6

175.0'  0-5°, B, R5, PtO-t, Pl
175.5'  0-5°, B, R4, O, Pl

176.8'  0-5°, B, R5, t, Pl
177.3'  0-5°, B, R4, O, Pl

178.3'  0-5°, B, R4-R5, O, Pl

181.3'  0-5°, B, R4, O, Pl

182.1'  0-5°, B, R5, PtO-t, Pl

183.3'  0-5°, B, R4, O, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/ AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  981.6 feet MSL

Bottom Elevation: 796.6 feet MSL

Total Depth: 185.0 feet
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806

804

802

800

798

796

794

792

790

788

786

784

782

780

778

776

774

772

770

768

R
u

n
 N

u
m

b
er

BORING NO. B-18

F
ra

ct
u

re
s 

/ 
ft

LA
K

E
 L

O
G

S
  B

W
S

T
E

_P
H

A
S

E
2_

R
O

C
K

 L
O

G
S

 (
7_

25
_2

01
9

).
G

P
J 

 K
LE

IN
F

E
LD

E
R

 L
V

 C
O

R
E

 A
P

R
06

.G
D

T
  8

/2
/1

9

96

95

100

100





- - - - - - - - - -

- - - - - - - - - -

- - - - - - - - - -

- - - - - - - - - -

- - - - - - - - - -

- - - - - - - - - -

- - - - - - - - - -

- - - - - - - - - -

- - - - - - - - - -

SS
-1

SS
-2

SS
-3

SS
-4

SS
-5

SS
-6

SS
-7

SS
-8

SS
-9

SS
-1

0

W
H

-4
-5

5-
7-

12

5-
8-

8

6-
7-

7

5-
3-

3

3-
5-

7

11
-1

5-
21

18
-2

1-
33

17
-1

7-
22

8-
15

-1
9

ST
IF

F 
TO

 V
ER

Y 
ST

IF
F,

 B
R

O
W

N
, C

LA
Y,

 T
R

AC
E 

G
R

AV
EL

,
D

AM
P

ST
IF

F 
TO

 V
ER

Y 
ST

IF
F,

 B
R

O
W

N
 A

N
D

 O
R

AN
G

E
M

O
TT

LE
D

, C
LA

Y,
 L

IT
TL

E 
SA

N
D

 A
N

D
 S

TO
N

E
FR

AG
M

EN
TS

, M
O

IS
T

M
ED

IU
M

 D
EN

SE
 T

O
 D

EN
SE

, G
R

AY
, S

IL
TY

 S
AN

D,
 F

IN
E

G
R

AI
N

ED
, T

R
AC

E 
G

R
AV

EL
, D

AM
P 

TO
 M

O
IS

T

M
ED

IU
M

 D
EN

SE
, B

R
O

W
N

, F
IN

E 
SA

ND
, L

IT
TL

E 
G

R
AV

EL
,

TR
AC

E 
SI

LT
, M

O
IS

T 
TO

 W
ET

2.
5 

-
3.

75

2.
75

 -
3.

75

1.
75

 -
2.

0

1.
0

1.
0 

-
2.

0

93 10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

Pa
ge

:  
1 

 o
f  

2

3/
13

/1
8

9
7

4
.1

5

97
9.

15

SU
BS

UR
FA

CE
 L

O
G

SU
RF

AC
E 

EL
EV

AT
IO

N
97

9.
2 

ft
3/

6/
18

PR
O

JE
CT

CL
IE

NT
PI

D 
NU

M
BE

R
PR

O
JE

CT
 N

UM
BE

R
BO

RE
HO

LE
 IN

CL
IN

AT
IO

N 
(V

ER
T.

)CO
M

PL
ET

ED
DA

TE
/T

IM
E

DA
TE

/T
IM

E

DA
TE

 S
TA

RT
ED

DE
PT

H 
TO

 W
AT

ER
DE

PT
H 

TO
 W

AT
ER

DR
IL

LI
NG

 C
O

NT
RA

CT
O

R
Pa

ul
 C

ic
ho

ck
i /

 S
ta

nt
ec

EL
EV

AT
IO

N 
DA

TU
M

M
SL

DR
IL

LI
NG

 / 
SA

M
PL

IN
G

 T
O

O
LS

 (T
YP

E 
/ S

IZ
E)

C
ity

 o
f C

ol
um

bu
s

17
34

09
05

8

77
04

27
.0

91
 1

86
97

29
.5

87

Ve
rti

ca
l

DR
IL

LI
NG

 / 
SA

M
PL

IN
G

 T
O

O
LS

 (T
YP

E 
/ S

IZ
E)

-B
W

ST
E 

Ph
 2

-

C
M

E 
55

 T
ra

ck
 2

H
Q

LO
CA

TI
O

N

DR
IL

L 
RI

G
 T

YP
E 

AN
D 

ID

HA
M

M
ER

 T
YP

E
EF

FI
CI

EN
CY

PR
O

JE
CT

 T
YP

E
PR

O
JE

CT
 L

O
CA

TI
O

N
IN

SP
EC

TO
R

G
eo

te
ch

ni
ca

l E
xp

lo
ra

tio
n

St
an

te
c 

/ M
.M

Au
toM

ud
 R

ot
ar

y 
SP

T

N
/A

N
/A

3/
8/

18
2.

1 
ft

89
.8

 %
 (A

vg
.)

EX
PL

O
RA

TI
O

N 
ID

:  
B-

19

Pr
in

te
d 

on
 8

/2
/1

9

M
O

N.
W

EL
L

PI
G

R
CS

FS
SI

CL
PL

G
RA

DA
TI

O
N 

(%
)

AT
TE

RB
ER

G
W

C
LL

SA
M

PL
E

ID
DE

PT
HS

SP
T

EL
EV

.
M

AT
ER

IA
L 

DE
SC

RI
PT

IO
N

AN
D 

NO
TE

S
HP (ts

f)
CL

AS
S

RE
C

(%
)

STANTEC BORING SUBSURFACE LOG  BWSTE PHASE 2 SOIL LOGS POST GRADATION CURVES.GPJ  OH DOT.GDT  8/2/19

97
4.

2

96
9.

2

95
6.

7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24



- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

SS
-1

1

SS
-1

2

SS
-1

3

SS
-1

4

SS
-1

5

SS
-1

6

SS
-1

7

6-
14

-2
3

34
-2

7-
27

15
-1

5-
40

25
-3

5-
50

/2
.4

"

50
/3

.6
"

50
/2

.4
"

50
/3

.6
"

M
ED

IU
M

 D
EN

SE
, B

R
O

W
N

, F
IN

E 
SA

ND
, L

IT
TL

E 
G

R
AV

EL
,

TR
AC

E 
SI

LT
, M

O
IS

T 
TO

 W
ET

 (c
on

tin
ue

d)

SE
VE

R
EL

Y 
W

EA
TH

ER
ED

 T
O

 D
EC

O
M

PO
SE

D
, S

O
FT

, V
ER

Y
FI

N
E 

G
R

AI
N

ED
, S

H
AL

E,
 A

R
EN

AC
EO

U
S,

 T
H

IN
 B

ED
D

ED
,

H
IG

H
LY

 F
R

AC
TU

R
ED

, F
LA

T,
 S

EV
ER

EL
Y 

W
EA

TH
ER

ED
JO

IN
TS

.

10
0

10
0

10
0

83 10
0

10
0

10
0

SU
BS

UR
FA

CE
 L

O
G

Pa
ge

:  
2 

 o
f  

2

C
ity

 o
f C

ol
um

bu
s

PR
O

JE
CT

SU
RF

AC
E 

EL
EV

AT
IO

N
LO

CA
TI

O
N

CL
IE

NT
PR

O
JE

CT
 N

UM
BE

R
DA

TE
 S

TA
RT

ED
 / 

DA
TE

 C
O

M
PL

ET
ED

-B
W

ST
E 

Ph
 2

-
17

34
09

05
8

97
9.

2 
ft

3/
6/

18
 - 

3/
13

/1
8

77
04

27
.0

91
 1

86
97

29
.5

87

EX
PL

O
RA

TI
O

N 
ID

:  
B-

19

Pr
in

te
d 

on
 8

/2
/1

9

M
O

N.
W

EL
L

PI
G

R
CS

FS
SI

CL
PL

G
RA

DA
TI

O
N 

(%
)

AT
TE

RB
ER

G
W

C
LL

SA
M

PL
E

ID
DE

PT
HS

SP
T

EL
EV

.
M

AT
ER

IA
L 

DE
SC

RI
PT

IO
N

AN
D 

NO
TE

S
HP (ts

f)
CL

AS
S

RE
C

(%
)

STANTEC BORING SUBSURFACE LOG  BWSTE PHASE 2 SOIL LOGS POST GRADATION CURVES.GPJ  OH DOT.GDT  8/2/19

N
O

TE
S:

IN
ST

AL
LE

D
 M

O
N

IT
O

R
IN

G
 W

EL
L 

- S
C

R
EE

N
ED

 F
R

O
M

 1
45

.0
 T

O
 1

65
.0

 F
EE

T 
(S

EE
 W

EL
L 

LO
G

 F
O

R
 B

AC
KF

IL
L 

D
ES

C
R

IP
TI

O
N

)
AB

AN
D

O
N

M
EN

T 
M

ET
H

O
D

S,
 M

AT
ER

IA
LS

, Q
U

AN
TI

TI
ES

:
BE

N
TO

N
IT

E 
G

R
O

U
T;

   
 S

AN
D

EO
B

TR
94

4.
2

93
8.

7

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

B
or

in
g 

C
on

tin
ue

s 
on

 F
ol

lo
w

in
g 

R
oc

k 
D

es
cr

ip
tio

n 
Lo

g



40.5 to 46.9'  Interbedded SHALE and
SANDSTONE
BEDFORD SHALE, grey, very fine
grained, highly weathered, soft, thinly
bedded, highly fractured, flat
 BEREA SANDSTONE, gray, fine to
medium grained, slightly to moderately
weathered, hard, thinly bedded,
moderately to highly fractured, flat,
moderately weathered joints.

46.9 to 56.9'  Interbedded SHALE and
SANDSTONE (67% / 33%)
BEDFORD SHALE, grey, very fine
grained, highly weathered, soft, thinly
bedded, highly fractured, flat, highly
weathered joints.
 BEREA SANDSTONE, gray, fine to
medium grained, slightly to moderately
weathered, hard, thinly bedded,
moderately to highly fractured, flat,
moderately weathered joints.

56.9 to 66.9'  BEDFORD SHALE  grey,
very fine grained, highly weathered, soft
to moderately hard, thinly bedded, highly
fractured, flat, highly weathered joints

66.9 to 101.9'  BEDFORD SHALE  grey,
very fine grained, slightly to moderately
weathered, moderately hard, thinly
bedded, highly fractured, flat, slightly to
highly weathered joints

Refer to soil borings for details on
soil descriptions/classifications

Run-1 40.5' - 46.9'  20 minute run
Down Pressure = 200 - 350 Psi

Run-2 46.9' - 56.9'  34 minute run
Down Pressure = 400 Psi

Run-3 56.9' - 61.9'  13 minute run
Down Pressure = 400 Psi

Run-4 61.9' - 66.9'  22 minute run
Down Pressure = 400 Psi

Run-5 66.9' - 71.9'  10 minute run
Down Pressure = 450 Psi

Run-6 71.9' - 81.9'  38 minute run
Down Pressure = 450 - 500 Psi

N
/A

N
/A

N
/A

N
/A

2
2.

6

40.5'  to 42.5'  fractured rock

42.7'  0-5°, B, R4, O, Pl, Cl
42.9'  0-5°, B, R4-R5, O, Pl, CL
43.1'  0-5°, B, R5, PtO-t, Pl
43.7'  0-5°, B, R5, O, Pl
43.8'  to 44.1'  fractured rock

47.2'  0-5°, B, R5, PtO-t, Pl
47.6'  0-5°, B, R4-R5, O, Pl
47.9'  to 48.6'  fractured rock

49.1'  to 49.8'  fractured rock

56.9'  to 57.8'  fractured rock

58.2'  to 60.1'  fractured rock

60.6'  to 60.9'  fractured rock

61.9'  to 62.5'  fractured rock

62.8'  0-5°, B, R5, O, Pl
63.1'  0-5°, B, R4-R5, O, Pl
63.2'  to 63.5'  fractured rock

67.2'  to 67.4'  fractured rock
67.7'  0-5°, B, R4-R5, O, Pl
68.3'  0-5°, B, R5, t, Pl
68.6'  0-5°, B, R5, O, Pl
68.9'  0-5°, B, R4-R5, O, Pl
69.8'  0-5°, B, R4-R5, O, Pl
70.3'  0-5°, B, R5, t, Pl
70.6'  0-5°, B, R4-R5, O, Pl
70.9'  0-5°, B, R5, O, Pl
71.3'  0-5°, B, R4, PtO-t, Pl
72.1'  to 72.5'  0-5°, 5 Bs, R4-R5, O, Pl
72.7'  0-5°, B, R4, PtO-t, Pl
72.9'  0-5°, B, R4-R5, O, Pl
73.3'  0-5°, B, R5, O, Pl
73.5'  to 73.9'  0-5°, 6 Bs, R4-R5, O, Pl
74.3'  0-5°, B, R5, PtO-t, Pl

1

2

3

4

5

6
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101.9 to 126.9'  BEDFORD SHALE  red,
very fine grained, highly weathered, soft,
thinly bedded, highly to intensely
fractured, flat, highly weathered joints

Run-7 81.9' - 91.9'  45 minute run
Down Pressure = 500 Psi

Run-8 91.9' - 101.9'  56 minute run
Down Pressure = 500 Psi
Core barrel plugged off during run

Run-9 101.9' - 106.9'  15 minute
run
Down Pressure = 450 Psi

Run-10 106.9' - 111.9'  13 minute
run
Down Pressure = 450 Psi

Run-11 111.9' - 116.9'  20 minute
run
Down Pressure = 450 Psi

2.
6

3.
7

N
/A

3.
8

5.
4

4.
2

74.6'  0-5°, B, R4, O, Pl
75.2'  0-5°, B, R5, PtO-t, Pl
75.4'  to 75.8'  fractured rock
76.3'  0-5°, B, R4-R5, O, Pl
76.7'  0-5°, B, R5, O, Pl
76.9'  to 77.1'  fractured rock
77.4'  0-5°, B, R4, PtO-t, Pl
77.6'  0-5°, B, R5, O, Pl
77.9'  0-5°, B, R5, PtO-t, Pl
78.5'  0-5°, B, R5, t, Pl
78.7'  0-5°, B, R5, PtO-t, Pl
79.2'  to 79.3'  fractured rock
79.5'  to 79.9'  0-5°, 5 Bs, R4-R5, O, Pl
80.8'  0-5°, B, R5, PtO-t, Pl
81.4'  to 81.5'  fractured rock
81.9'  to 82.4'  fractured rock
82.4'  to 82.9'  0-5°, 5 Bs, R4-R5, PtO-t, Pl

83.2'  0-5°, B, R5, t, Pl
83.4'  0-5°, B, R5, PtO-t, Pl
83.6'  to 83.9'  0-5°, 5 Bs, R4-R5, O, Pl
84.2'  0-5°, B, R5, O, Pl
84.4'  0-5°, B, R4-R5, PtO-t, Pl

86.1'  to 86.5'  fractured rock
86.5'  to 87.0'  0-5°, 7 Bs, R4-R5, O, Pl
87.2'  0-5°, B, R5, t, Pl
87.3'  0-5°, B, R5, PtO-t, Pl
87.5'  0-5°, B, R5, t, Pl
87.7'  0-5°, B, R4-R5, O, Pl
88.0'  0-5°, B, R4, O, Pl
88.2'  0-5°, B, R5, PtO-t, Pl
88.4'  0-5°, B, R5, t, Pl
88.6'  0-5°, B, R5, PtO-t, Pl
88.8'  0-5°, B, R5, t, Pl
89.0'  0-5°, B, R5, PtO-t, Pl
89.2'  0-5°, B, R4-R5, t, Pl
89.5'  0-5°, B, R5, O, Pl
89.7'  0-5°, B, R5, PtO-t, Pl
90.1'  0-5°, B, R4-R5, O, Pl
90.4'  0-5°, B, R5, t, Pl
91.6'  0-5°, B, R4-R5, O, Pl
93.4'  0-5°, B, R5, PtO-t, Pl
93.6'  0-5°, B, R4, O, Pl
93.9'  0-5°, B, R5, O, Pl
94.5'  0-5°, B, R4-R5, O, Pl
94.9'  0-5°, B, R5, t, Pl
95.4'  0-5°, B, R4-R5, O, Pl
95.6'  0-5°, B, R5, O, Pl
96.0'  to 96.2'  fractured rock

101.9'  to 102.4'  fractured rock
102.6'  0-5°, B, R5, t, Pl
102.8'  0-5°, B, R4-R5, O, Pl
103.0'  0-5°, B, R5, O, Pl
103.2'  0-5°, B, R5, PtO-t, Pl
103.3'  0-5°, B, R4, t, Pl
103.6'  0-5°, B, R5, O, Pl
103.7'  0-5°, B, R4-R5, t, Pl
103.8'  0-5°, B, R4-R5, O, Pl
104.9'  0-5°, B, R5, O, Pl
105.9'  to 106.9' 0-5°, 10 Bs, R4-R5, O, Pl
106.9'  to 108.2'  fractured rock

108.2'  to 108.9'  0-5°, 9 Bs, R4-R5, O, Pl

109.0'  to 109.9'  0-5°, 11 Bs, R4-R5, O, Pl

110.1'  0-5°, B, R5, PtO-t, Pl
110.3'  0-5°, B, R5, O, Pl
110.5'  0-5°, B, R4, t, Pl
110.9'  0-5°, B, R5, PtO-t, Pl
111.3'  0-5°, B, R5, PtO-t, Pl
111.5'  0-5°, B, R4, t, Pl
111.7'  0-5°, B, R5, PtO-t, Pl
112.0'  0-5°, B, R4, O, Pl
112.2'  0-5°, B, R5, PtO-t, Pl
112.5'  0-5°, B, R4-R5, O, Pl

6

7

8

9

10
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126.9 to 146.9'  BEDFORD SHALE 
grey, very fine grained, moderately
weathered, soft to moderately hard, thinly
bedded, moderately to highly fractured,
flat, moderately to highly weathered
joints.

146.9 to 181.9'  OHIO SHALE, black,
very fine grained, slightly weathered,
moderately hard to hard, thinly bedded,
slightly fractured, slightly weathered
joints.

Run-12 116.9' - 121.9'  17 minute
run
Down Pressure = 450 Psi

Run-13 121.9' - 126.9'  17 minute
run
Down Pressure = 450 Psi

Run-14 126.9' - 131.9'  15 minute
run
Down Pressure = 400 Psi

Run-15 131.9' - 136.9'  14 minute
run
Down Pressure = 400 Psi

Run-16 136.9' - 141.9'  24 minute
run
Down Pressure = 400 Psi

Run-17 141.9' - 146.9'  10 minute
run
Down Pressure = 400 Psi

Run-18 146.9' - 151.9'  8 minute
run
Down Pressure = 450 Psi

Run-19 151.9' - 161.9'  14 minute
run
Down Pressure = 400 Psi

4.
2

5
4.

8
5.

2
3.

6
1.

6
3.

2
1.

2
2.

8

>>

>>

112.6'  0-5°, B, R5, t, Pl
112.8'  0-5°, B, R4-R5, O, Pl
113.1'  0-5°, B, R4-R5, O, Pl
113.3'  0-5°, B, R5, PtO-t, Pl
113.5'  0-5°, B, R4, t, Pl
113.7'  0-5°, B, R5, PtO-t, Pl
113.9'  0-5°, B, R5, PtO-t, Pl
114.1'  0-5°, B, R4-R5, O, Pl
114.4'  0-5°, B, R5, O, Pl
114.5'  0-5°, B, R4, t, Pl
114.7'  0-5°, B, R5, t, Pl
114.9'  0-5°, B, R4-R5, O, Pl
115.2'  0-5°, B, R4, PtO-t, Pl
115.6'  0-5°, B, R5, t, Pl
116.2'  0-5°, B, R4-R5, O, Pl
116.4'  0-5°, B, R5, t, Pl
116.5'  0-5°, B, R4-R5, O, Pl
116.6'  0-5°, B, R4-R5, O, Pl
117.1'  0-5°, B, R4-R5, O, Pl
117.3'  0-5°, B, R5, PtO-t, Pl
118.1'  0-5°, B, R4, t, Pl
118.5'  0-5°, B, R5, O, Pl
118.7'  0-5°, B, R5, PtO-t, Pl
118.9'  0-5°, B, R5, t, Pl
119.1'  to 120.0'  0-5°, 10 Bs, R4-R5, O, Pl
120.9'  to 121.9'  0-5°, 9 Bs, R4-R5, O, Pl
122.2'  0-5°, B, R5, O, Pl
122.4'  0-5°, B, R4, t, Pl
122.6'  0-5°, B, R5, t, Pl
122.7'  0-5°, B, R4-R5, O, Pl
122.9'  0-5°, B, R4, O, Pl
123.1'  0-5°, B, R4-R5, O, Pl
123.6'  0-5°, B, R5, O, Pl
123.8'  to 124.1'  fractured rock
124.2'  0-5°, B, R5, t, Pl
124.6'  0-5°, B, R4-R5, O, Pl
124.8'  0-5°, B, R5, t, Pl
125.0'  0-5°, B, R5, PtO-t, Pl
125.3'  0-5°, B, R5, t, Pl
125.5'  0-5°, B, R5, t, Pl
125.7'  0-5°, B, R4-R5, O, Pl
125.9'  0-5°, B, R5, O, Pl
126.1'  126.9' 0-5°, 9 Bs, R4-R5, O, Pl
127.6'  0-5°, B, R4-R5, O, Pl
127.9'  0-5°, B, R5, O, Pl
128.5'  0-5°, B, R5, O, Pl
128.6'  to 129.3  0-5°, 10 Bs, R4-R5, O, Pl
129.6'  0-5°, B, R4, O, Pl
129.7'  0-5°, B, R4-R5, O, Pl
129.9'  to 130.5'  0-5°, 9 Bs, R4-R5, O, Pl
130.7'  0-5°, B, R5, O, Pl
130.8'  0-5°, B, R5, PtO-t, Pl
131.9'  to 132.4'  fractured rock
132.6'  0-5°, B, R5, O, Pl
132.8'  to 133.6'  0-5°, 13 Bs, R4-R5, PtO-t,
Pl
134.2'  0-5°, B, R5, PtO-t, Pl
135.0'  to 135.6'  fractured rock
135.7'  0-5°, B, R5, O, Pl
135.9'  0-5°, B, R4-R5, O, Pl
136.1'  0-5°, B, R5, PtO-t, Pl
137.1'  0-5°, B, R4, O, Pl
138.3'  to 138.8'  fractured rock
139.0'  0-5°, B, R4, t, Pl
139.2'  0-5°, B, R5, t, Pl
139.6'  0-5°, B, R4-R5, O, Pl
139.9'  0-5°, B, R4, t, Pl
140.3'  0-5°, B, R5, PtO-t, Pl
140.6'  to 140.8'  fractured rock
141.2'  0-5°, B, R5, O, Pl
141.4'  0-5°, B, R4-R5, t, Pl
141.5'  to 141.9'  fractured rock
142.3'  0-5°, B, R4, t, Pl
142.4'  0-5°, B, R5, PtO-t, Pl
142.7'  0-5°, B, R4, O, Pl
142.8'  0-5°, B, R5, PtO-t, Pl
143.2'  0-5°, B, R4-R5, O, Pl
143.4'  0-5°, B, R5, PtO-t, Pl
143.7'  0-5°, B, R4, t, Pl
143.9'  0-5°, B, R5, PtO-t, Pl
144.2'  0-5°, B, R4, O, Pl
144.4'  0-5°, B, R5, PtO-t, Pl
144.6'  0-5°, B, R4-R5, O, Pl
145.1'  0-5°, B, R5, t, Pl
145.3'  0-5°, B, R4-R5, O, Pl
145.5'  0-5°, B, R5, t, Pl
145.9'  0-5°, B, R4-R5, O, Pl
146.4'  0-5°, B, R5, t, Pl
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End of Boring at 181.9 feet

Run-20 161.9' - 171.9'  13 minute
run
Down Pressure = 500 Psi

Run-21 171.9' - 181.9'  10 minute
run
Down Pressure = 500 Psi

2.
8

1
1.

8

>>

147.3'  0-5°, B, R5, PtO-t, Pl
147.5'  0-5°, B, R4-R5, O, Pl
147.7'  0-5°, B, R5, PtO-t, Pl
150.9'  0-5°, B, R4, t, Pl
151.2'  0-5°, B, R5, PtO-t, Pl
151.5'  0-5°, B, R4, O, Pl
152.1'  0-5°, B, R4, O, Pl
152.2'  0-5°, B, R5, PtO-t, Pl
152.5'  0-5°, B, R4-R5, O, Pl
153.1'  0-5°, B, R5, PtO-t, Pl
153.4'  0-5°, B, R4, t, Pl
153.6'  0-5°, B, R5, PtO-t, Pl
153.8'  0-5°, B, R4, O, Pl
154.2'  0-5°, B, R5, PtO-t, Pl
154.6'  0-5°, B, R5, PtO-t, Pl
155.1'  0-5°, B, R4-R5, O, Pl
155.3'  0-5°, B, R5, PtO-t, Pl
156.0'  0-5°, B, R5, t, Pl
156.3'  0-5°, B, R4-R5, O, Pl
156.6'  0-5°, B, R4-R5, O, Pl
156.8'  0-5°, B, R5, PtO-t, Pl
157.0'  to 157.8'  0-5°, 5 Bs, R4, O, Pl
158.1'  0-5°, B, R5, PtO-t, Pl
158.3'  0-5°, B, R5, t, Pl
159.1'  0-5°, B, R4, t, Pl
159.3'  0-5°, B, R5, PtO-t, Pl
159.7'  0-5°, B, R4-R5, O, Pl
160.0'  to 160.2'  90°, Jt, R3-R4, O, Und
160.7'  0-5°, B, R5, t, Pl
160.8'  0-5°, B, R4, O, Pl
161.1'  to 161.3'  fractured rock
162.1'  0-5°, B, R5, PtO-t, Pl
163.8'  0-5°, B, R5, O, Pl
164.9'  0-5°, B, R5, PtO-t, Pl
165.7'  0-5°, B, R4, O, Pl
167.3'  0-5°, B, R5, PtO-t, Pl
167.8'  0-5°, B, R4, O, Pl
169.0'  0-5°, B, R5, O, Pl
169.6'  0-5°, B, R4-R5, t, Pl
171.3'  0-5°, B, R5, O, Pl
171.4'  0-5°, B, R4-R5, O, Pl
172.2'  to 172.3'  fractured rock
172.7'  0-5°, B, R5, PtO-t, Pl
174.0'  0-5°, B, R4, O, Pl
174.8'  0-5°, B, R5, O, Pl
175.2'  0-5°, B, R5, PtO-t, Pl
175.5'  0-5°, B, R4-R5, t, Pl
175.7'  0-5°, B, R5, PtO-t, Pl
176.6'  0-5°, B, R5, O, Pl
177.2'  0-5°, B, R4-R5, O, Pl
177.6'  0-5°, B, R4-R5, O, Pl

178.4'  0-5°, B, R5, PtO-t, Pl
178.6'  0-5°, B, R4, O, Pl
178.8'  0-5°, B, R5, PtO-t, Pl
179.1'  to 179.7'  0-5°, 4 Bs, R4-R5, O, Pl
180.2'  to 180.3'  fractured rock
180.6'  0-5°, B, R5, O, Pl
181.3'  to 181.6'  fractured rock
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Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 4 of 4

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  979.2 feet MSL

Bottom Elevation: 797.3 feet MSL

Total Depth: 181.9 feet
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79.1 to 97.8'  BEDFORD SHALE, grey
with red bands, fine grained, slightly
weathered, soft, thinly bedded,
moderately to highly fractured

97.8 to 116.5'  BEDFORD SHALE, red,
fine grained, slightly weathered, soft,
thinly bedded, flat, moderately fractured

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @ 79.1'
Run-1 79.1' - 79.5'  4 minute run
Down Pressure = 250 Psi
Run-2 79.5' - 84.5'  18 minute run
Down Pressure = 400 Psi

Run-3 84.5' - 89.5'  15 minute run
Down Pressure = 400 Psi

Run-4 89.5' - 94.5'  16 minute run
Down Pressure = 400 Psi

Run-5 94.5' - 99.5'  13 minute run
Down Pressure = 400 Psi

Run-6 99.5' - 104.5'  12 minute run
Down Pressure =  400 Psi

Run-7 104.5' - 109.5'  10 minute
run
Down Pressure = 400 Psi

Run-8 109.5' - 114.5'  11 minute
run
Down Pressure = 400 Psi

Run-9 114.5' - 119.5'  10 minute

2.
5

1
1.

2
1.

2
1.

0
1.

6
1.

2
1.

2

79.3'  0-5°, B, R4-R5, O, Pl, Cl

80.2'  0-5°, B, R4, O, Pl
80.3'  0-5°, B, R5, t, Pl, Cl

82.5'  0-5°, B, R5, t, Pl
82.7'  0-5°, B, R4-R5, O, Pl

84.4'  0-5°, B, R4-R5, O, Pl
84.5'  to 85.6'  fractured rock
84.7'  0-5°, B, R4-R5, O, Pl, Cl
85.6'  0-5°, B, R4, O, Pl
86.3'  0-5°, B, R5, t, Pl, Cl
87.0'  0-5°, B, R5, t, Pl
87.5'  0-5°, B, R4-R5, O, Pl

89.3'  0-5°, B, R4-R5, O, Pl
89.6'  to 89.7'  fractured rock
90.2'  0-5°, B, R4, O, Pl
90.6'  0-5°, B, R5, t, Pl, Cl

91.5'  0-5°, B, R5, t, Pl
92.1'  0-5°, B, R4-R5, O, Pl

93.0'  0-5°, B, R4-R5, O, Pl
93.6'  0-5°, B, R5, t, Pl, Cl

94.7'  0-5°, B, R5, t, Pl
95.4'  0-5°, B, R4-R5, O, Pl
95.8'  0-5°, B, R5, t, Pl, Cl
96.2'  to 97.4'  fractured rock

98.4'  0-5°, B, R4-R5, O, Pl
98.7'  0-5°, B, R5, t, Pl, Cl

99.7'  0-5°, B, R4-R5, O, Pl
100.1'  60°, Jt, R4, O, Und

101.0'  0-5°, B, R4-R5, O, Pl

102.3'  0-5°, B, R4-R5, O, Pl
102.4'  0-5°, B, R5, t, Pl, Cl
103.3'  0-5°, B, R5, t, Pl
103.6'  60°, Jt, R4-R5, t, Und
104.4'  0-5°, B, R4-R5, O, Pl

106.1'  0-5°, B, R4-R5, O, Pl
106.3'  0-5°, B, R5, t, Pl, Cl
106.4'  0-5°, B, R5, t, Pl

107.8'  45°, Jt, R4-R5, O, Und
108.4'  0-5°, B, R4-R5, O, Pl
108.6'  0-5°, B, R4, O, Pl
109.0'  109.5'  fractured rock

110.4'  0-5°, B, R4-R5, O, Pl

111.2'  0-5°, B, R5, t, Pl, Cl

112.2'  0-5°, B, R5, t, Pl

113.4'  60°, Jt, R4, O, Und

114.2'  0-5°, B, R5, t, Pl, Cl
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Geologic Classification
 and Physical Description
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Project No. 173409058

Core Size: HQ

Driller: AECOM

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  971.2 feet MSL

Bottom Elevation: 793.2 feet MSL

Total Depth: 178.0 feet
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116.5 to 129.5'  BEDFORD SHALE,
grey with red bands, fine grained,
unweathered to slightly weathered, soft,
thinly bedded, flat, moderately fractured

129.5 to 144.5'  BEDFORD SHALE,
grey, fine grained, unweathered, soft,
thinly bedded, flat, moderately fractured

144.5 to 178.0'  OHIO SHALE, black,
fine grained, unweathered, moderately
hard, thinly bedded, flat, moderately
fractured, slightly pyritic

run
Down Pressure = 400 Psi

Run-10 119.5' - 124.5'  14  minute
run
Down Pressure = 400 Psi

Run-11 124.5' - 129.5'  12 minute
run
Down Pressure = 400 Psi

Run-12 129.5' - 134.5'  13 minute
run
Down Pressure = 450 Psi

Run-13 134.5' - 139.5'  14 minute
run
Down Pressure = 500 Psi

Run-14 139.5' - 144.5'  11 minute
run
Down Pressure = 500 Psi

Run-15 144.5' - 149.5'  9 minute
run
Down Pressure = 500 Psi

Methane encountered, shut down
for 1 hour to vent

Run-16 149.5' - 154.5'  13 minute
run
Down Pressure = 350 Psi

152.8' - 153.2'  UCS = 8,405 Psi

Run-17 154.5' - 159.5' 10 minute
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8
1.

2

114.3'  60°, Jt, R4, Pto-t, Und
115.7'  0-5°, B, R4-R5, O, Pl
115.9'  0-5°, B, R4-R5, O, Pl
116.3'  0-5°, B, R5, t, Pl
117.3'  0-5°, B, R4, t, Pl
117.5'  118.1'  fractured rock
118.3'  0-5°, B, R5, t, Pl
118.9'  119.1'  fractured rock
119.6'  0-5°, B, R5, t, Pl
120.3'  0-5°, B, R4-R5, O, Pl

121.3'  0-5°, B, R4-R5, O, Pl
121.7'  0-5°, B, R5, t, Pl
122.3'  0-5°, B, R5, t, Pl
122.4'  0-5°, B, R4-R5, O, Pl
122.8'  0-5°, B, R5, t, Pl
123.0'  0-5°, B, R4-R5, O, Pl
123.6'  0-5°, B, R4-R5, O, Pl

125.7'  0-5°, B, R5, t, Pl
126.4'  0-5°, B, R4-R5, O, Pl
127.0'  0-5°, B, R4, O, Pl
127.1'  0-5°, B, R5, t, Pl
127.3'  127.5'  fractured rock
127.6'  0-5°, B, R5, t, Pl
128.3'  0-5°, B, R4-R5, O, Pl
128.6'  0-5°, B, R4-R5, O, Pl
129.1'  0-5°, B, R5, t, Pl
129.2'  0-5°, B, R5, t, Pl
129.3'  0-5°, B, R4-R5, O, Pl
129.6'  0-5°, B, R5, t, Pl
129.7'  0-5°, B, R4-R5, O, Pl
130.0'  0-5°, B, R4-R5, O, Pl
130.3'  0-5°, B, R5, t, Pl
130.7'  0-5°, B, R4, O, Pl
130.8'  131.2'  fractured rock
131.3'  0-5°, B, R4-R5, O, Pl
131.4'  0-5°, B, R4-R5, O, Pl
131.6'  0-5°, B, R5, t, Pl
131.9'  0-5°, B, R5, t, Pl
133.6'  0-5°, B, R4-R5, O, Pl
134.1'  0-5°, B, R5, t, Pl
134.7'  0-5°, B, R4-R5, O, Pl
135.3'  0-5°, B, R4-R5, O, Pl
136.1'  0-5°, B, R5, t, Pl
136.4'  0-5°, B, R4-R5, O, Pl
136.5'  0-5°, B, R5, t, Pl
137.4'  0-5°, B, R5, t, Pl
137.6'  0-5°, B, R4-R5, O, Pl
138.4'  0-5°, B, R5, t, Pl
139.5'  139.6'  fractured rock

142.3'  0-5°, B, R5, t, Pl, Cl

143.3'  0-5°, B, R4-R5, O, Pl
143.6'  60°, Jt, R4, O, Und
143.9'  0-5°, B, R4-R5, O, Pl
144.5'  0-5°, B, R4-R5, O, Pl
144.8'  0-5°, B, R5, t, Pl, Cl
145.7'  0-5°, B, R5, t, Pl
146.0'  60°, Jt, R4-R5, t, Und

147.2'  0-5°, B, R4-R5, O, Pl
147.3'  0-5°, B, R4-R5, O, Pl
148.1'  0-5°, B, R5, t, Pl, Cl

149.3'  0-5°, B, R5, t, Pl
149.4'  45°, Jt, R4-R5, O, Und
149.7'  0-5°, B, R4-R5, O, Pl

151.3'  0-5°, B, R4, O, Pl

152.1'  0-5°, B, R4-R5, O, Pl
152.4'  0-5°, B, R4-R5, O, Pl

153.4'  0-5°, B, R5, t, Pl
154.0'  0-5°, B, R4-R5, O, Pl
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End of Boring at 178.0 feet

run
Down Pressure = 400 Psi

Run-18 159.5' - 164.5'  15 mimnute
run
Down Pressure = 400 Psi

Run-19 164.5' - 169.5'  10 minute
run
Down Pressure = 400 Psi

Run-20 169.5' - 174.5'  10 minute
run
Down Pressure = 400 Psi

Run-21 174.5' - 178.0'  10 minute
run
Down Pressure = 400 Psi

1.
6

0.
6

1
1.

6
2.

0

154.6'  0-5°, B, R5, t, Pl
155.4'  0-5°, B, R5, t, Pl
155.7'  0-5°, B, R4-R5, O, Pl
155.8'  0-5°, B, R4-R5, O, Pl
156.6'  0-5°, B, R5, t, Pl
156.7'  0-5°, B, R4-R5, O, Pl
157.6'  0-5°, B, R5, t, Pl
158.0'  0-5°, B, R5, t, Pl

159.7'  0-5°, B, R4-R5, O, Pl

161.7'  0-5°, B, R4, PtO-t, Pl
161.8'  0-5°, B, R4, O, Pl

166.0'  0-5°, B, R4-R5, O, Pl

167.1'  0-5°, B, R5, t, Pl
167.8'  45°, Jt, R4-R5, O, Und

168.6'  0-5°, B, R5, PtO-t, Pl
169.2'  0-5°, B, R4-R5, O, Pl

170.5'  0-5°, B, R4, O, Pl
171.0'  0-5°, B, R5, t, Pl
171.2'  0-5°, B, R5, PtO-t, Pl
171.8'  0-5°, B, R4-R5, O, Pl
171.9'  0-5°, B, R4, O, Pl
172.0'  0-5°, B, R5, PtO-t, Pl
172.9'  0-5°, B, R4-R5, O, Pl
173.2'  0-5°, B, R5, t, Pl
174.3'  0-5°, B, R4-R5, O, Pl

175.1'  0-5°, B, R5, t, Pl
175.8'  0-5°, B, R4-R5, O, Pl
176.0'  0-5°, B, R4-R5, O, Pl
176.1'  0-5°, B, R5, t, Pl
177.0'  to 177.8'  0-5°, 3 Bs, R4-R5, O, Pl
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121.0 to 132.7'  Glacial Till interbedded
with BEREA SANDSTONE
Glacial Till, brown, very stiff clay, moist
BEREA SANDSTONE brown, fine
grained, highly weathered, soft to
moderately hard, thinly bedded

132.7 to 160.0'  BEDFORD SHALE,
grey, very fine grained, highly weathered,
soft to moderately hard, highly fractured,
thinly bedded, highly weathered joints

Refer to soil borings for details on
soil descriptions/classifications.
Drill equipment broke in hole in
B-21 at 112.5 ft, offset boring 3 feet
and drilled to 112.5 feet to resume
sampling. Boring B-21A
corresponds to the offset location.

Run-1 121.0' - 123.7'  11 minute
run
Down Pressure = 300 Psi

Run-2 123.7' - 126.0'  31 minute
run'
Down Pressure = 150 Psi

Run-3 126.0' - 129.9' 14 minute run
Down Pressure = 150 Psi

Run-4 129.9' - 135.9'
Possible loss near bottom of zone

Top of Rock @ 131.7'

Run-5 135.9' - 145.9'  50 minute
run
Down Pressure = 300 Psi

Run-6 145.9' - 150.9'  25 minute
run
Down Pressure = 300 Psi

Run-7 150.9' - 151.6'  25 minute
run
Down Pressure = 250 Psi
Run-8 151.6' - 155.9'  18 minute
run
Down Pressure = 400 Psi

0.
0

0.
0

0.
0

4.
1

2.
7

N
A

N
A

2.
6

131.9'  0-5°, B, R4, O, Pl, Cl
132.2'  to 132.9' 0-5°, 5 Bs, R4, O, Pl, Cl

133.1'  to 133.9' 0-5°, 5 Bs, R4, O, Pl, Cl

134.1'  to 134.9' 0-5°, 5 Bs, R4, PtO-t, Pl

135.1'  0-5°, B, R4-R5, PtO-t, Pl

135.9'  to 136.9'  fractured rock

137.1'  to 137.9' 0-5°, 5 Bs, R4, PtO-t, Pl,
Cl
138.0'  to 138.9' 0-5°, 5 Bs, R4, PtO-t, Pl,
Cl
138.2'  0-5°, B, R4-R5, PtO-t, Pl, Cl
138.4'  0-5°, B, R3-R4, O, Pl, Cl
138.7'  0-5°, B, R4, O, Pl, Cl
138.9'  0-5°, B, R4, PtO-t, Pl, Cl
139.0'  0-5°, B, R3-R4, O, Pl, Cl
139.1'  0-5°, B, R4, O, Pl, Cl
139.3'  0-5°, B, R4, O, Pl, Cl
139.6'  to 139.9'  0-5°, Multiple Jts, R3-R4,
O, Pl, Cl
140.0'  to 140.9' 0-5°, 6 Bs, R3-R4, O, Pl
141.0'  to 141.8' 0-5°, 4 Bs, R4, O, Pl
142.0'  0-5°, B, R4, PtO-t, Pl
142.1'  0-5°, B, R4, PtO-t, Pl, Cl
142.3'  0-5°, B, R4-R5, O, Pl
142.5'  0-5°, B, R4, PtO-t, Pl, Cl
145.9'  to 150.9  Recovered 6" of fractured
rock

150.9'  to 151.6  fractured rock

151.8'  0-5°, B, R3-R4, O, Pl, Cl
152.0'  0-5°, B, R4-R5, PtO-t, Pl, Cl
152.3'  0-5°, B, R4, O, Pl, Cl
152.6'  0-5°, B, R4-R5, PtO-t, Pl, Cl
153.3'  0-5°, B, R4, O, Pl, Cl
153.6'  0-5°, B, R4-R5, PtO-t, Pl, Cl
153.8'  0-5°, B, R4, O, Pl, Cl
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Project No. 173409058

Core Size: NQ

Driller: Stantec

Logged By: Paul Cichocki/Stantec

Checked By: A. Mirza

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  982.3 feet MSL

Bottom Elevation: 801.4 feet MSL

Total Depth: 180.9 feet
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160.0 to 170.0'  OHIO SHALE, black,
very fine grained, moderately weathered,
moderately hard, thinly bedded,
moderately weathered joints

170.0 to 180.9'  OHIO SHALE, black,
very fine grained, slightly weathered,
moderately hard, slightly weathered joints

End of Boring at 180.9 feet

Run-9 155.9' - 160.9'  25 minute
run
Down Pressure = 500 Psi

Run-10 160.9' - 165.9'  23 minute
run
Down Pressure = 500 Psi

Run-11 165.9' - 170.9'  20 minute
run
Down Pressure = 500 Psi

Run-12 170.9' - 180.9'  51 minute
run
Down Pressure = 500-600 Psi

2.
6

1.
8

N
A

1.
8

1.
2

154.0'  0-5°, B, R4-R5, O, Pl, Cl
154.3'  0-5°, B, R4-R5, O, Pl, Cl
154.6'  0-5°, B, R4-R5, PtO-t, Pl, Cl
154.9'  0-5°, B, R4, PtO-t, Pl
154.9'  to 155.4'  fractured rock
156.0'  0-5°, B, R4-R5, O, Pl
156.2'  0-5°, B, R4-R5, O, Pl
156.3'  0-5°, B, R4, O, Pl
156.6'  0-5°, B, R4, O, Pl
156.8'  0-5°, B, R4, PtO-t, Pl
157.1'  to 157.5' 0-5°, 4 Bs, R4-R5, O, Pl

161.3'  0-5°, B, R3-R4, PtO-t, Pl
161.9'  0-5°, B, R4-R5, O, Pl
162.4'  0-5°, B, R4, PtO-t, Pl
162.8'  0-5°, B, R4, t, Pl
163.2'  0-5°, B, R4, PtO-t, Pl

164.4'  to 165.9'  fractured rock

165.9'  to 166.8'  fractured rock

167.2'  0-5°, B, R4, PtO-t, Pl
167.5'  0-5°, B, R4-R5, t, Pl
167.7'  0-5°, B, R4, PtO-t, Pl
167.8'  0-5°, B, R4-R5, PtO-t, Pl
168.6'  0-5°, B, R4, PtO-t, Pl
169.0'  0-5°, B, R4, PtO-t, Pl
169.4'  0-5°, B, R4, PtO-t, Pl
169.7'  0-5°, B, R4, PtO-t, Pl
170.4'  0-5°, B, R4-R5, t, Pl
171.5'  0-5°, B, R4-R5, O, Pl

173.3'  0-5°, B, R4, O, Pl
173.7'  0-5°, B, R4-R5, O, Pl
174.0'  0-5°, B, R4, t, Pl
174.5'  0-5°, B, R4-R5, t, Pl

175.6'  0-5°, B, R4-R5, O, Pl
176.2'  to 176.6  90°, Jt, R3-R4, O, Und
176.6'  0-5°, B, R4-R5, PtO-t, Pl
177.2'  0-5°, B, R4-R5, t, Pl

178.2'  0-5°, B, R4-R5, PtO-t, Pl
178.8'  0-5°, B, R4, PtO-t, Pl
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0.0 to 0.5'
0.5 to 12.0'

12.0 to 34.0'

34.0 to 39.0'

39.0 to 47.0'

Drill Rig: Rotosonic Truck
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47.0 to 78.0'

48.0'    -WATER ADDED TO THE
BOREHOLE DURING DRILLING @ 48.0'

52.3'    -7" LAYER OF
COBBLES/GRAVEL @ 52.3'

68.0'    -LOW RECOVERY PROBABLY
DUE TO WATER PLUGGING OFF
HOLE.

78.0 to 83.0'

Drill Rig: Rotosonic Truck
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83.0 to 88.0'

88.0 to 91.0'
88.5'    -ROUNDED AGGREGATE
FROM 88.0'-91.0'

91.0 to 102.0'
91.5'    -LARGER RIVER COBBLES
PRESENT FROM 91.0' to 102.0'

102.0 to 110.0'

110.0 to 114.0'

114.0 to 118.0'

118.0 to 128.0'

Drill Rig: Rotosonic Truck
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128.0 to 135.0'

135.0 to 138.0'  SHALE, GRAY,
WEATHERED, WET.

138.0 to 158.0'  BEDFORD SHALE,
GRAY, SLIGHTLY TO MODERATELY
WEATHERED, VERY SOFT TO
MODERATELY WEATHERED, VERY
SOFT TO MODERATELY HARD, VERY
THIN TO MEDIUM BEDDED,
INTENSELY FRACTURED TO
MODERATELY FRACTURED, TIGHT
TO MODERATELY WIDE APERATURE,
VERY ROUGH TO SLIGHTLY ROUGH,
LAMINATED/SHEARED TO
DISINTEGRATED, POOR TO VERY
POOR
142.0'    -RC-1: LOGGER NOTED THAT
ROCK FELL OUT OF CORE BARREL
WHEN PULLING OUT OF HOLE AND
HAD TO PUT BACK IN TO TRY TO
RETRIEVE SAMPLE.

152.0'    -RC-2:  LOGGER NOTED
DRILLER HAD TO SLAM CORE
BARREL IN 3' INTERVALS TO GET
SAMPLE TO CATCH IN COLLECTOR,
WHICH LIKELY RESULTED IN
BREAKING UP ROCK SECTIONS.

158.0 to 168.0'  OHIO SHALE, BLACK,
UNWEATHERED, MEDIUM HARD TO
HARD, THIN TO MEDIUM BEDDED,
PYRITIC, CARBONACEOUS, HIGHLY

138.9'  30-35°, B, R4, MW, Pl
139.5'  30-35°, B, R4, MW, Pl
140.1'  30-35°, B, R4, MW, Pl, Cl
140.6'  30-35°, B, R4, MW, Pl
140.9'  30-35°, B, R4, VW, Pl
141.2'  30-35°, B, R2, WO, Pl, Cl
141.7'  to 143.1, clay with friable shale
fragments, no open seams

145.7'  to 148.0 rubbilized small pieces

148.0'  to 148.7, 30-35°, 6 B's, R4-R5, PtO,
Pl
149.3'  30-35°, B, R4-R5, PtO, Pl
149.4'  30-35°, B, R4-R5, PtO, Pl
149.5'  to 149.6, 30-35°, 3 B's, R2, PtO,
Und
150.0'  30-35°, B, R4-R5, PtO, Pl
150.1'  to 151.0, large pieces rounded
around outside edges

154.5'  to 158.0, rubbilized small to medium
pieces

158.1'  30-35°, B, R4-R5, PtO, Pl
158.3'  30-35°, B, R4-R5, PtO, Pl
159.0'  to 159.8 large pieces rounded
around outside edges

Refer to soil borings for details on
soil descriptions/characteristics

Top of Rock @ 135.0'

Run-1 138.0' - 148.0'  8 minute run

Run-2 148.0' - 158.0'  10 minute
run

Run-3 158.0' - 168.0'  37 minute
run

Drill Rig: Rotosonic Truck
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FRACTURED TO MODERATELY
FRACTURED, NARROW TO WIDE
APERATURE, SLIGHTLY ROUGH TO
VERY ROUGH, LAMINATED/SHEARED
TO DISINTEGRATED, POOR TO VERY
POOR.
160.0'    -RC-3:  DRILLER HAD TO
STOP HALF WAY THROUGH RUN TO
CHECK FOR FLUID LEAK CAUSING
LONGER DRILLING TIME.  VIBRATION
RATE WAS INCREASED DURING THIS
RUN.
165.0'    -POSSIBLE VOID
ENCOUNTERED @ APPROXIMATELY
165', DRILLER OBSERVED RAPID
DROP WITH BARREL
167.0'    -DRILLER CONVERTED TO
SOIL SAMPLING FROM 168.0' TO
173.0', RETRIEVED 10' OF MATERIAL
INCLUDING 5' OF CAVED IN
MATERIAL FROM ABOVE INTERVALS.
168.0 to 170.5'  CLAYEY GRAVEL
(SHALE FRAGMENTS) WITH SAND,
BLACK, ANGULAR FRAGMENTS,
VERY MOIST.
170.5 to 173.0'  CLAYEY SAND WITH
GRAVEL (PULVERIZED SHALE
FRAGMENTS), BLACK, VERY MOIST.
173.0 to 198.0'  OHIO SHALE, BLACK,
UNWEATHERED, MEDIUM HARD TO
HARD, THIN TO MEDIUM BEDDED,
PYRITIC, CARBONACEOUS, HIGHLY
FRACTURED TO MODERATELY
FRACTURED, NARROW TO WIDE
APERATURE, SLIGHTLY ROUGH TO
VERY ROUGH, LAMINATED/SHEARED
TO DISINTEGRATED, POOR TO VERY
POOR.

182.0'    -RC-4:  DRILLER HAD TO
STOP A FEW TIMES DURING
DRILLING THROUGH THIS RUN

End of Boring at 198.0 feet

159.8'  to 160.6 rubbilized

161.3'  30-35°, B, R3, PtO, Und
161.4'  to 163.0' rubbilized small pieces

173.1'  30-35°, B, R4-R5, MW, ground
surface
173.5'  30-35°, B, R4-R5, PtO, Pl
173.9'  30-35°, B, R3, MW, Und

175.5'  30-35°, B, R4, W, Und
175.6'  30-35°, B, R4, W, Und
175.8'  to 176.6 large pieces rounded
around outside edges
176.6'  to 178.0 rubbilized
178.0'  to 178.8 large pieces rounded
around outside edges
178.8'  30-35°, B, R3-R4, MW-W, Und
179.6'  30-35°, B, R3-R4, MW-W, Und
180.2'  30-35°, B, R3-R4, MW-W, Und
180.4'  30-35°, B, R3-R4, MW-W, Und
181.1'  30-35°, B, R3-R4, MW-W, Und

182.6'  30-35°, B, R5, PtO, Pl
183.2'  30-35°, B, R4-R5, PtO, Pl
183.6'  30-35°, B, R5, MW, Pl
184.2'  30-35°, B, R3-R4, MW, Pl
184.6'  30-35°, B, R3-R4, MW, Pl
185.0'  30-35°, B, R3-R4, MW, Pl
185.8'  30-35°, B, R3-R4, MW, Pl
186.1'  30-35°, B, R3-R4, MW, Pl
186.3'  30-35°, B, R3-R4, MW, Pl
186.8'  30-35°, B, R3-R4, MW, Pl

188.8'  30-35°, B, R3-R4, MW, Pl
188.9'  30-35°, B, R3-R4, MW, Und
189.3'  30-35°, B, R3-R4, MW, Und
189.5'  30-35°, B, R3-R4, MW, Und
190.2'  30-35°, B, R3-R4, MW, Pl
190.4'  30-35°, B, R3-R4, MW, Pl
191.3'  30-35°, B, R4-R5, MW, Pl
191.5'  30-35°, B, R4-R5, MW, Pl
191.9'  30-35°, B, R4-R5, MW, Pl
193.0'  30-35°, B, R4, O-MW, Pl
193.4'  30-35°, B, R3-R4, O-MW, Pl
194.0'  30-35°, B, R4-R5, PtO, Pl
194.2'  30-35°, B, R4-R5, O, Pl
194.5'  30-35°, B, R2-R3, PtO, Und
194.9'  30-35°, B, R3, RtO, Pl
195.2'  30-35°, B, R2-R3, O, Pl
195.6'  30-35°, B, R2, MW, Und

Run-4 173.0' - 178.0'  10 minute
run

Run-5 178.0' - 188.0'  21 minute
run

Run-6 188.0' - 198.0'  11 minute
run

Drill Rig: Rotosonic Truck
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135.2 to 160.0'  BEDFORD SHALE, light
gray, very fine grained, highly weathered,
very soft to soft, highly fractured, thinly
bedded, highly weathered joints

160.0 to 191.4'  OHIO SHALE, dark gray
to black, very fine grained, moderately to
highly weathered, soft to moderately hard,
moderately to highly fractured, thinly
bedded, moderately to highly weathered
joints

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @ 135.2'
Run-1 135.2' - 136.4' 9 minute run
Down Pressure = 50 - 100 Psi
Run-2 136.4' - 141.4' 28 minute run
Down Pressure = 450 Psi

Run-3 141.4' - 146.4' 27 minute run
Down Pressure = 500 Psi

Run-4 146.4' - 151.4' 29 minute run
Down Pressure = 450 Psi

146.4' - 151.4' Gas Meter H2S = 0
to 1

Run-5 151.4' - 156.4' 17 minute run
Down Pressure = 500 Psi

Run-6 156.4' - 161.4' 21 minute run
Down Pressure = 400 Psi

Run-7 161.4' - 166.4' 10 minute run
Down Pressure = 300 Psi

Run-8 166.4' - 171.4' 8 minute run
Down Pressure = 300 Psi

0.
0

0.
4

0.
0

2.
8

3.
2

3.
2

4.
0

0.
8

136.4'  0-5°, B,, R4-R5, PtO-t, Pl, Cl
136.5'  0-5°, B, R4-R5, t, Pl, Cl

146.7'  0-5°, B, R4, Pt-t, Pl, Cl
147.1'  0-5°, B, R4-R5, t, Pl, Cl
147.3'  0-5°,B,  R4, PtO-t, Pl, Cl
147.4'  0-5°, B, R3-R4, PtO-t, Und, Cl
147.7'  0-5°, B, R5, O, Und, Cl
147.9'  0-5°, B, R5, PtO-t, Pl, Cl
148.2'  0-5°, B, R4-R5, t, Pl
148.6'  0-5°, B, R4, PtO-t, Pl, Cl
148.8'  0-5°, B, R5, PtO-t, Pl, Cl
149.0'  0-5°, B, R4-R5, t, Pl, Cl
149.2'  0-5°, B, R3-R4, O, Und
149.4'  0-5°, B, R4-R5, PtO-t, Pl
149.6'  0-5°, B, R4-R5, PtO-t, Pl
149.8'  0-5°, B, R5, PtO-t, Pl
151.6'  0-5°, B, R4-R5, PtO-t, Pl
152.5'  0-5°, B, R5, PtO-t, Und
152.8'  0-5°, B, R4-R5, PtO-t, Pl
152.8'  0-5°, B, R4-R5, t, Pl
153.0'  0-5°, B, R5, PtO-t, Pl, Cl
153.1'  0-5°, B, R4-R5, PtO-t, Pl
153.2'  0-5°, B, R4-R5, PtO-t, Pl, Cl
153.3'  0-5°, B, R4, t, Pl
153.7'  0-5°, B, R4-R5, PtO-t, Pl
154.2'  0-5°, B, R4-R5, PtO-t, Pl
154.5'  0-5°, B, R4, PtO-t, Pl
154.6'  0-5°, B, R4-R5, PtO-t, Pl, Cl
154.7'  0-5°, B, R4-R5, PtO-t, Pl
155.1'  0-5°, B, R5, PtO-t, Pl
155.3'  0-5°, B, R5, PtO-t, Pl, Cl
155.7'  0-5°, B, R4-R5, Pt-t, Pl
156.6'  0-5°, B, R5, PtO-t, Pl
156.9'  0-5°, B, R4-R5, Pt-t, Pl
157.5'  0-5°, B, R5, PtO-t, Pl
157.9'  0-5°, B, R4-R5, PtO-t, Pl
158.3'  0-5°, B, R4-R5, PtO-t, Pl
158.5'  0-5°, B, R4-R5, PtO-t, Pl
158.7'  0-5°, B, R5, PtO-t, Pl
159.1'  0-5°, B, R5, PtO-t, Pl
159.5'  0-5°, B, R4-R5, PtO-t, Pl
159.7'  0-5°, B, R5, PtO-t, Pl
159.8'  0-5°, B, R5, PtO-t, Pl
159.9'  0-5°, B, R4-R5, PtO-t, Pl
160.2'  0-5°, B, R4-R5, PtO-t, Pl
160.5'  0-5°, B, R5, PtO-t, Pl
160.8'  0-5°, B, R5, PtO-t, Pl
161.0'  0-5°, B, R5, PtO-t, Pl
161.7'  0-5°, B, R4-R5, PtO-t, Pl
161.8'  0-5°, B, R4-R5, PtO-t, Pl
161.9'  0-5°, B, R4-R5, PtO-t, Pl
162.3'  0-5°, B, R5, t, Pl
162.7'  0-5°, B, R5, t, Pl

1

2

3

4

5

6

7

8

Prepared By: B. Madras Natarajan

Orientation: Vertical

D
ep

th
, f

ee
t

Coordinates: N 770624.2   E 1870496.1

Location: Tunnel Alignment

R
ec

o
ve

ry
, %

Date Start: 2/5/18       End:  2/15/18

Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 2

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Stantec

Logged By: Paul Cichocki/Stantec

Checked By: A. Mirza

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  984.5 feet MSL

Bottom Elevation: 793.1 feet MSL

Total Depth: 191.4 feet

132

134

136

138

140

142

144

146

148

150

152

154

156

158

160

162

164

166

168

E
le

va
ti

o
n

,
fe

et
 M

S
L

R
Q

D
, 

%
Groundwater Depth: 17.5

854

852

850

848

846

844

842

840

838

836

834

832

830

828

826

824

822

820

818

816

R
u

n
 N

u
m

b
er

BORING NO. B-22

F
ra

ct
u

re
s 

/ 
ft

LA
K

E
 L

O
G

S
  B

W
S

T
E

_P
H

A
S

E
2_

R
O

C
K

 L
O

G
S

 (
7_

25
_2

01
9

).
G

P
J 

 K
LE

IN
F

E
LD

E
R

 L
V

 C
O

R
E

 A
P

R
06

.G
D

T
  8

/2
/1

9

0

0

10

0

52

52

20

78

100

100

100

70

90

100

100

86



End of Boring at 191.4 feet

Run-9 171.4' - 176.4' 19 minute run
Down Pressure = 250 - 300 Psi

171.4' - 176.4' Gas Meter H2S = 0
to 1

Run-10 176.4' - 181.4' 27 minute
run
Down Pressure = 350 Psi

Run-11 181.4' - 186.4' 11 minute
run
Down Pressure = 350 Psi

Run-12 186.4' -191.4' 25 minute
run
Down Pressure = 375 Psi

0.
8

1.
6

2.
8

N
A

N
A

162.9'  0-5°, B, R4-R5, PtO-t, Pl
163.3'  0-5°, B, R5, t, Pl
163.5'  0-5°, B, R5, t, Pl
163.7'  0-5°, B, R4-R5, PtO-t, Pl
164.0'  0-5°, B, R5, t, Pl
164.8'  0-5°, B, R5, t, Pl
165.0'  0-5°, B, R4-R5, t, Pl
165.2'  0-5°, B, R5, t, Pl
165.4'  0-5°, B, R4-R5, PtO-t, Pl
165.6'  0-5°, B, R4-R5, t, Pl
165.7'  0°, B, R4, t,Pl
165.8'  0-5°, B, R5, PtO-t, Pl
165.9'  0-5°, B, R4-R5, PtO-t, Pl
166.0'  0-5°, B, R4, t, Pl
166.3'  0-5°, B, R5,PtO-t, Pl
168.5'  0-5°, B, R4-R5, t, Pl
169.7'  0-5°, B, R4, PtO-t, Pl
170.5'  0-5°, B, R4-R5, t, Pl
170.7'  0-5°, B, R4, t,Pl
171.8'  0-5°, B, R5, PtO-t, Pl
171.9'  0-5°, B, R4-R5, t, Pl
172.2'  0-5°, B, R4-R5, t, Pl
172.4'  0-5°, B, R5, PtO-t, Pl
173.4'  0-5°, B, R5, PtO-t, Pl
173.8'  0-5°, B, R4-R5, t, Pl
174.2'  0-5°, B, R5, PtO-t, Pl
174.7'  0-5°, B, R5, t, Pl
175.0'  to 175.8'  fractured rock
176.7'  0-5°, B, R5, t, Pl
176.9'  0-5°, B, R4-R5, t, Pl
177.0'  0-5°, B, R5, PtO-t, Pl
177.6'  0-5°, B, R5, t, Pl
177.7'  0-5°, B, R5, t, Pl
178.2'  0-5°, B, R4-R5, t, Pl
178.4'  0-5°, B, R4-R5, t, Pl
178.5'  0-5°, B, R5, t, Pl
178.7'  0-5°, B, R4-R5, t, Pl
179.0'  0-5°, B, R5, t, Pl
179.2'  0-5°, B, R5, t, Pl
179.3'  0-5°, B, R4-R5, t, Pl
180.2'  0-5°, B, R5, t, Pl
180.6'  0-5°, B, R4-R5, t, Pl
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108.0 to 126.6'  Glacial Till interbedded
with BEREA SANDSTONE
Glacial Till, brown, very stiff clay, moist
BEREA SANDSTONE brown, fine
grained, highly weathered, soft to
moderately hard, thinly bedded

126.6 to 139.0'  BEDFORD SHALE, red,
very fine grained, highly weathered to
decomposed, soft, moderately to highly
fractured, thinly bedded, weathered joints

139.0 to 161.6'  BEDFORD SHALE,
gray, very fine grained, highly weathered

Refer to soil borings for details on
soil descriptions/characteristics

Run-1 108.0' -111.6  2.4' Washed
Out

Run-2 111.6' - 116.6'  3.7' Washed
Out

Run-3 116.6' - 121.6'  2.1' Washed
Out
Down Pressure = 300 Psi

Top of Rock @ 126.6'
Run-4 121.6' -126.6' Recovered 2.5
ft from previous run, high rock
chatter, increased run time
Run-5 126.6' - 131.6'
Down Pressure = 500 to 1000 Psi
Picked up 2.5' from previous run

Run-6 131.6' - 141.6' Gas pocket
encountered, highly weathered to
decomposed rock
Down Pressure = 500 to 1000 Psi

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

133.7'  0-5°, B, R3, O Pl, Cl
133.8'  0-5°, B, R3-R4, O, Pl, Cl
133.9'  0-5°, B, R4, O, Pl, Cl
134.0'  0-5°, B, R3-R4, PtO-t, Pl, Cl
134.1'  0-5°, B, R3-R4, O, Pl, Cl
134.2'  0-5°, B, R3-R4, O, Pl, Cl
134.5'  0-5°, B, R3-R4, PtO-t, Pl, Cl
135.3'  0-5°, B, R3-R4, PtO-t, Pl, Cl
135.6'  0-5°, B, R3-R4, O, Und, Cl
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Date Start: 11/28/17       End:  12/7/17

Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 3

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Stantec/M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  986.4 feet MSL

Bottom Elevation: 794.8 feet MSL

Total Depth: 191.6 feet
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to decomposed, soft, moderately to highly
fractured, thinly bedded, flat, slightly
rough to smooth joints

161.6 to 191.6'  OHIO SHALE, dark
gray, very fine grained, slightly to
moderately weathered, soft to moderately
hard, slightly to moderately fractured,
thinly bedded

Run-7 141.6' - 146.6'  lost 1.6'
sample

Run-8 146.6' - 151.6' Low recovery
could be an equipment issue, good
water return throughout

Run-9 151.6' - 153.6'

Run-10 153.6' - 156.6'

Run-11 156.6' - 161.6'
156.6' - 157.0'  UCS = 9,090 psi

156.6' - 161.6' Gas Meter COMB =
1 CO = 1

Run-12 161.6' - 166.6'

161.6' - 166.6' Gas Meter COMB =
1 CO = 1

Run-13 166.6' - 171.6'

170.6' - 171.1'  UCS = 8,732 psi

Run-14 171.6' - 176.6'
Down Pressure = 300 Psi

Run-15 176.6' - 181.6'  50 minute
run
Down Pressure = 300 Psi

N
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4.
4

N
/A

6
2.

3
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4
4.

8
4.

8
3.

8
3.

4

141.6'  to 142.6'  0-5°, 10 Bs, R3-R4, O, Pl,
Cl
142.6'  to 143.6'  fractured rock

143.6'  to 145.6'  0-5°, 12 Bs, R3-R4, O, Pl,
Cl

146.6'  to 147.8' fractured rock

151.6'  to 153.6'  0-5°, 12 Jts, R3-R4, O, Pl,
Cl

153.8'  0-5°, B, R3-R4, PtO-t, Pl, Cl
154.0'  0-5°, B, R3-R4, PtO-t, Pl, Cl
154.3'  0-5°, B, R3, O Pl, Cl
154.5'  0-5°, B, R3-R4, O, Pl, Cl
155.2'  0-5°, B, R3-R4, PtO-t, Pl, Cl
155.8'  0-5°, B, R3-R4, PtO-t, Pl, Cl
156.2'  0-5°, B, R3, O Pl, Cl

157.9'  0-5°, B, R3-R4, O, Pl, Cl
158.4'  0-5°, B, R3-R4, PtO-t, Pl, Cl

159.3'  0-5°, B, R3, O Pl, Cl
159.9'  0-5°, B, R3-R4, O, Pl, Cl
160.1'  to 161.6'  90° Jt, R3, O, Und, Cl

161.8'  0-5°, B, R4-R5, O, Pl, Cl
162.1'  to 162.8'  0-5°, 5 Bs, R4-R5, PtO-t,
Pl, Cl
163.0'  to 163.9'  0-5°, 5 Bs, R4-R5, O, Pl,
Cl
164.1'  0-5°, B, R4, O Pl, Cl
164.5'  0-5°, B, R4-R5, PtO-t, Pl, Cl
164.7'  0-5°, B, R4, O Pl, Cl
164.8'  0-5°, B, R3-R4, O, Pl, Cl
165.0'  to 165.8'  0-5°, 5 Bs, R4, O Pl, Cl
166.1'  to 166.9'  0-5°, 4 Bs, R3, O Pl, Cl

167.2'  to 167.9'  0-5°, 7 Bs, R4-R5, PtO-t,
Pl, Cl
168.0'  0-5°, B, R4, O Pl, Cl
168.2'  0-5°, B, R4-R5, O, Pl, Cl
168.4'  0-5°, B, R4, O Pl, Cl
168.6'  0-5°, B, R4-R5, PtO-t, Pl, Cl
168.8'  0-5°, B, R4, O Pl, Cl
169.0'  to 169.9'  0-5°, 5 Bs, R4, O Pl, Cl
170.3'  to 170.8'  0-5°, 4 Bs, R4-R5, PtO-t,
Pl, Cl
171.2'  to 171.8'  0-5°, 4 Bs, R3, O Pl, Cl
172.1'  to 172. 6'  0-5°, 4 Bs, R4, O Pl, Cl

173.4'  to 173.8'  0-5°, 3 Bs, R4-R5, O, Pl,
Cl
174.1'  0-5°, B, R4, O Pl, Cl
174.4'  0-5°, B, R4, O Pl, Cl
174.7'  0-5°, B, R4-R5, PtO-t, Pl, Cl
175.0'  0-5°, B, R4-R5, O Pl, Cl
175.1'  0-5°, B, R4, O Pl, Cl
175.4'  0-5°, B, R4-R5 PtO-t, Pl, Cl
175.6'  0-5°, B, R4, O Pl, Cl
176.0'  to 176.8'  0-5°, 5 Bs, R4, O Pl, Cl
177.0'  to 177.6'  0-5°, 4 Bs, R4-R5, PtO-t,
Pl, Cl
178.1'  to 178.8'  0-5°, 4 Bs, R4-R5 O Pl, Cl
179.1'  0-5°, B, R4, O Pl, Cl
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End of Boring at 191.6 feet

Run-16 181.6' - 186.6'  35 minute
run
Down Pressure = 300 Psi

Run-17 186.6' - 191.6'  27 minute
run
Down Pressure = 300 Psi

3.
4

4.
4

2.
6

179.5'  0-5°, B, R4, O Pl, Cl
179.8'  0-5°, B, R4, O Pl, Cl
180.2'  0-5°, B, R4-R5, PtO-t, Pl, Cl
180.6'  0-5°, B, R4-R5 O Pl, Cl
180.8'  0-5°, B, R4, O Pl, Cl
181.2'  to 181.9'  0-5°, 5 Bs, R4-R5, PtO-t,
Pl, Cl
182.1'  to 182.8'  0-5°, 5 Bs, R4-R5, PtO-t,
Pl, Cl
183.2'  0-5°, B, R4-R5 O Pl, Cl
183.4'  0-5°, B, R4, O Pl, Cl
183.6'  0-5°, B, R4-R5, PtO-t, Pl, Cl
183.8'  0-5°, B, R4-R5, PtO-t, Pl, Cl
184.2'  to 184.9'  0-5°, 4 Bs, R4, O Pl, Cl
185.1'  to 185.8'  0-5°, 5 Bs, R4-R5 O Pl, Cl
186.0'  0-5°, B, R4-R5, PtO-t, Pl, Cl
186.6'  to 187.9'  80°, Jt, R3-R4, O, Und

188.0'  to 188.9'  0-5°, 4 Bs, R4, PtO-t Pl,
Cl
189.0'  to 189.6'  0-5°, 3 Bs, R4, PtO-t Pl,
Cl
190.0'  to 190.6'  0-5°, 3 Bs, R4-R5, t Pl, Cl

191.0'  0-5°, B, R4, PtO-t Pl, Cl
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90.4 to 116.4'  BEDFORD SHALE, grey,
very fine grained, highly weathered, soft,
thinly bedded, highly fractured

116.4 to 141.4'  BEDFORD SHALE, red,
very fine grained, highly weathered, soft,
thinly bedded, highly fractured

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @ 90.4'
Run-1 90.4' - 91.4'  9 minute run
Down Pressure = 200 Psi
Run-2 91.4' - 96.4'  23 minute run
Down Pressure = 300 Psi

Run-3 96.4' - 101.4'  21 minute run
Down Pressure = 350 - 400 Psi

Run-4 101.4' - 106.4'  25 minute
run
Down Pressure = 350 - 400 Psi

Run-5 106.4' - 111.4'  30 minute
run
Down Pressure = 450 Psi

Run-6 111.4' - 116.4'  42 minute
run
Down Pressure = 350 - 400 Psi

Run-7 116.4' - 121.4'  20 minute
run
Down Pressure = 400 Psi

Run-8 121.4' - 126.4'  34 minute
run
Down Pressure = 500 Psi

2
2.

8
6.

4
2.

4
2.

4
3

2.
6

2

90.6'  0-5°, B, R4-R5, O, Pl, Cl
91.2'  0-5°, B, R5, O, Pl, Cl
91.7'  0-5°, B, R4-R5, PtO-t, Pl
91.9'  0-5°, B, R5, t, Pl, Cl
91.9'  to 94.9'  fractured rock

94.9'  to 96.3'  0-5°, 12 Bs, R4-R5, PtO-t,
Pl, Cl

96.4'  to 97.0'  0-5°, 5 Bs, R3-R4, PtO-t, Pl,
Cl

98.0'  to 98.4'  0-5°, 4 Bs, R4-R5, O, Pl, Cl
98.4'  to 99.4'  0-5°, 10 Bs, R4-R5, O, Pl, Cl

99.4'  to 100.0'  0-5, 8 Bs, R4-R5, PtO-t, Pl,
Cl
100.0'  to 100.6'  fractured rock
100.8'  to 101.4'  0-5, 5 Bs, R4-R5, O, Pl,
Cl
101.4'  to 101.8'  fractured rock
102.0'  to 102.6'  fractured rock

102.9'  0-5°, B, R5, t, Pl
103.0'  0-5°, B, R5, PtO-t, Pl
103.1'  to 103.4'  fractured rock
103.6'  0-5°, B, R4-R5, O, Pl
104.0'  0-5°, B, R5, t, Pl
104.2'  0-5°, B, R5, PtO-t, Pl
104.4'  0-5°, B, R4-R5, O, Pl
104.7'  0-5°, B, R5, t, Pl
105.1'  0-5°, B, R5, PtO-t, Pl
105.3'  0-5°, B, R5, t, Pl
105.5'  0-5°, B, R4, t, Pl
105.9'  0-5°, B, R5, PtO-t, Pl
106.6'  0-5°, B, R4-R5, O, Pl
107.0'  to 107.3'  fractured rock
107.8'  0-5°, B, R4-R5, O, Pl
108.0'  0-5°, B, R5, PtO-t, Pl
108.5'  0-5°, B, R4-R5, O, Pl
108.6'  0-5°, B, R5, t, Pl
108.8'  0-5°, B, R4, t, Pl
109.2'  0-5°, B, R5, PtO-t, Pl
109.4'  0-5°, B, R5, t, Pl
109.8'  to 110.1'  fractured rock
110.3'  0-5°, B, R5, PtO-t, Pl
110.5'  0-5°, B, R4-R5, O, Pl
110.7'  0-5°, B, R5, t, Pl
111.2'  0-5°, B, R5, PtO-t, Pl
111.6'  0-5°, B, R5, t, Pl
111.8'  0-5°, B, R4, t, Pl
112.2'  0-5°, B, R5, PtO-t, Pl
112.5'  0-5°, B, R5, PtO-t, Pl
112.8'  0-5°, B, R4-R5, O, Pl
113.2'  0-5°, B, R5, t, Pl
113.5'  0-5°, B, R4-R5, t, Pl
114.3'  0-5°, B, R4, O, Pl
114.4'  0-5°, B, R5, t, Pl
114.7'  0-5°, B, R5, PtO-t, Pl
115.0'  0-5°, B, R4, t, Pl
115.2'  0-5°, B, R5, O, Pl
115.7'  0-5°, B, R5, PtO-t, Pl
116.0'  0-5°, B, R5, t, Pl
116.1'  0-5°, B, R5, PtO-t, Pl
116.6'  to 117.6'  fractured rock
117.8'  to 118.0' fractured rock
118.2'  0-5°, B, R5, t, Pl
118.4'  0-5°, B, R4-R5, t, Pl
118.9'  0-5°, B, R4, O, Pl
119.2'  0-5°, B, R5, t, Pl
119.4'  0-5°, B, R5, PtO-t, Pl
119.6'  0-5°, B, R4-R5, O, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  989.6 feet MSL

Bottom Elevation: 793.2 feet MSL

Total Depth: 196.4 feet
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141.4 to 161.4'  BEDFORD SHALE,
grey, very fine grained, moderately to
highly weathered, soft to moderately hard,
thinly bedded, highly fractured

161.4 to 196.4'  OHIO SHALE, black,
very fine grained, slightly weathered,
moderately hard, thinly bedded, slightly to
moderately fractured

Run-9 126.4' - 131.4'  22 minute
run
Down Pressure = 500 Psi

Run-10 131.4' - 136.4'  21 minute
run
Down Pressure = 500 Psi

Run-11 136.4' - 141.4'  32 minute
run
Down Pressure = 500 Psi

Run-12 141.4' - 146.4'  21 minute
run
Down Pressure = 500 Psi

Run-13 146.4' - 151.4'  30 minute
run
Down Pressure = 450 Psi

Run-14 151.4' - 156.4'  21 minute
run
Down Pressure = 450 - 500 Psi

Run-15 156.4' - 161.4'  9 minute
run
Down Pressure = 450 - 475 Psi

Run-16 161.4' - 166.4'  12 minute
run
Down Pressure = 400 Psi

2
2.

2
1.

4
1

3.
2

4.
4

3.
4

3.
8

0.
6

120.2'  0-5°, B, R5, t, Pl
120.8'  0-5°, B, R5, PtO-t, Pl
121.2'  0-5°, B, R5, t, Pl
121.6'  0-5°, B, R4, t, Pl
122.4'  0-5°, B, R5, PtO-t, Pl
123.0'  0-5°, B, R5, PtO-t, Pl
123.2'  0-5°, B, R4, O, Pl
123.6'  0-5°, B, R5, t, Pl
123.8'  0-5°, B, R5, PtO-t, Pl
124.2'  0-5°, B, R4-R5, O, Pl
124.6'  0-5°, B, R5, t, Pl
124.8'  0-5°, B, R5, PtO-t, Pl
125.3'  0-5°, B, R4-R5, O, Pl
125.5'  0-5°, B, R5, t, Pl
125.7'  0-5°, B, R5, PtO-t, Pl
126.0'  0-5°, B, R5, t, Pl
126.2'  0-5°, B, R4, t, Pl
126.6'  0-5°, B, R5, PtO-t, Pl
126.8'  0-5°, B, R4-R5, O, Pl
127.0'  0-5°, B, R5, PtO-t, Pl
127.2'  0-5°, B, R5, t, Pl
127.6'  0-5°, B, R4, t, Pl
127.8'  0-5°, B, R5, PtO-t, Pl
128.4'  0-5°, B, R4-R5, O, Pl
128.8'  0-5°, B, R5, t, Pl
129.4'  0-5°, B, R5, O, Pl
129.8'  to 130.2'  fractured rock
130.4'  0-5°, B, R4-R5, O, Pl
130.9'  0-5°, B, R5, PtO-t, Pl
131.4'  to 131.8'  fractured rock
132.5'  to 132.8'  fractured rock
133.0'  0-5°, B, R5, t, Pl
133.1'  0-5°, B, R4, O, Pl
133.3'  0-5°, B, R5, PtO-t, Pl
133.5'  0-5°, B, R4-R5, O, Pl
133.6'  0-5°, B, R5, PtO-t, Pl
133.8'  0-5°, B, R4, t, Pl
134.4'  0-5°, B, R5, PtO-t, Pl
137.6'  0-5°, B, R4, O, Pl
139.6'  140.0'  fractured rock
140.2'  0-5°, B, R4, O, Pl
140.6'  0-5°, B, R4, t, Pl
140.8'  0-5°, B, R5, PtO-t, Pl
141.3'  0-5°, B, R4, t, Pl
141.4'  to 142.4'  0-5°, 8 Bs, R4-R5, O, Pl
142.4'  to 143.4'  0-5°, 8 Bs, R4-R5, O, Pl

147.0'  to 147.4'  0-5, 5 Bs, R4-R5, O, Pl
147.4'  to 148.4'  0-5, 11 Bs, R5, O, Pl

148.5'  0-5°, B, R5, PtO-t, Pl
148.7'  0-5°, B, R4-R5, O, Pl
149.3'  0-5°, B, R5, PtO-t, Pl
149.4'  0-5°, B, R4, t, Pl
149.6'  0-5°, B, R5, PtO-t, Pl
150.0'  0-5°, B, R5, PtO-t, Pl

151.6'  0-5°, B, R4-R5, O, Pl
152.0'  0-5°, B, R4, PtO-t, Pl
152.3'  0-5°, B, R5, O, Pl
152.5'  to 152.9'  fractured rock
153.2'  0-5°, B, R5, t, Pl
153.8'  0-5°, B, R4, O, Pl
154.1'  0-5°, B, R5, PtO-t, Pl
154.3'  0-5°, B, R4-R5, O, Pl
154.5'  0-5°, B, R5, PtO-t, Pl
154.6'  0-5°, B, R4, t, Pl
155.0'  0-5°, B, R5, PtO-t, Pl
155.2'  0-5°, B, R4, O, Pl
155.3'  0-5°, B, R5, PtO-t, Pl
155.5'  0-5°, B, R4-R5, O, Pl
155.7'  0-5°, B, R5, t, Pl
155.9'  0-5°, B, R5, PtO-t, Pl
156.1'  0-5°, B, R5, t, Pl
156.2'  0-5°, B, R4, t, Pl
156.6'  0-5°, B, R5, PtO-t, Pl
156.8'  0-5°, B, R5, PtO-t, Pl
157.0'  0-5°, B, R4, O, Pl
157.7'  0-5°, B, R5, t, Pl
157.9'  0-5°, B, R5, PtO-t, Pl
158.2'  0-5°, B, R4-R5, O, Pl
158.4'  0-5°, B, R5, t, Pl
158.4'  to 159.2'  0-5°, 8 Bs, R4-R5, O, Pl
159.6'  0-5°, B, R5, t, Pl
160.0'  0-5°, B, R5, PtO-t, Pl
160.2'  0-5°, B, R5, t, Pl
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End of Boring at 196.4 feet

Run-17 166.4' - 171.4'  6 minute
run
Down Pressure = 450 Psi

Run-18 171.4' - 176.4'  5 minute
run
Down Pressure = 450 Psi

Run-19 176.4' - 181.4'  5 minute
run
Down Pressure = 475 Psi

Run-20 181.4' - 186.4'  8 minute
run
Down Pressure = 450 Psi
Possible Gas pocket encountered
during drilling

Run-21 186.4' - 191.4'  6 minute
run
Down Pressure = 450 Psi

Run-22 191.4' - 196.4'  5 minute
run
Down Pressure = 470 Psi

0.
6

1.
6

3
1.

2
2.

4
2.

2
2.

6

160.6'  0-5°, B, R4, O, Pl
161.6'  0-5°, B, R4-R5, PtO-t, Pl
162.2'  0-5°, B, R5, PtO-t, Pl
165.8'  0-5°, B, R4, O, Pl
166.2'  to 166.8'  fractured rock
166.6'  0-5°, B, R5, PtO-t, Pl
166.8'  0-5°, B, R5, t, Pl
167.1'  0-5°, B, R4, O, Pl
167.9'  0-5°, B, R4, t, Pl
168.3'  0-5°, B, R5, PtO-t, Pl

169.9'  0-5°, B, R4, O, Pl
170.1'  0-5°, B, R5, PtO-t, Pl
170.9'  0-5°, B, R4, O, Pl
171.4'  to 172.2'  0-5, 8 Bs, R4-R5, O, Pl

172.9'  0-5°, B, R4-R5, O, Pl
173.2'  0-5°, B, R5, PtO-t, Pl
173.4'  0-5°, B, R4, t, Pl
173.7'  0-5°, B, R5, PtO-t, Pl
174.0'  0-5°, B, R4, O, Pl
174.8'  0-5°, B, R5, PtO-t, Pl
175.2'  0-5°, B, R4-R5, O, Pl

176.6'  0-5°, B, R5, t, Pl
176.8'  0-5°, B, R5, PtO-t, Pl
177.6'  0-5°, B, R5, t, Pl

178.4'  0-5°, B, R4, t, Pl
178.7'  0-5°, B, R5, PtO-t, Pl

180.2'  0-5°, B, R4-R5, O, Pl

181.6'  0-5°, B, R5, t, Pl

182.4'  0-5°, B, R5, PtO-t, Pl
182.7'  0-5°, B, R5, t, Pl
183.2'  0-5°, B, R4, t, Pl
183.4'  0-5°, B, R5, PtO-t, Pl
184.2'  0-5°, B, R4-R5, O, Pl
184.7'  0-5°, B, R5, PtO-t, Pl
185.0'  0-5°, B, R4, O, Pl
185.5'  0-5°, B, R5, PtO-t, Pl
185.7'  0-5°, B, R4-R5, O, Pl
186.0'  0-5°, B, R5, t, Pl
186.2'  0-5°, B, R5, PtO-t, Pl
186.5'  0-5°, B, R5, t, Pl
186.6'  0-5°, B, R5, PtO-t, Pl
186.9'  0-5°, B, R5, t, Pl
187.9'  0-5°, B, R4-R5, O, Pl
188.2'  0-5°, B, R5, t, Pl
188.7'  0-5°, B, R5, PtO-t, Pl
188.9'  0-5°, B, R5, t, Pl
189.1'  0-5°, B, R5, PtO-t, Pl
189.3'  0-5°, B, R5, t, Pl
189.7'  0-5°, B, R4, t, Pl
190.1'  0-5°, B, R5, PtO-t, Pl
191.7'  0-5°, B, R4-R5, O, Pl
192.0'  0-5°, B, R5, t, Pl
192.7'  0-5°, B, R4-R5, O, Pl
193.1'  0-5°, B, R5, t, Pl
193.9'  0-5°, B, R5, PtO-t, Pl
194.2'  0-5°, B, R4-R5, t, Pl
194.7'  0-5°, B, R5, PtO-t, Pl
195.0'  to 195.9'  0-5°, 5 Bs, R4-R5, O, Pl
     196.1'  0-5°, B, R4-R5, O, Pl
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10.2 to 52.5'  BEREA SANDSTONE,
grey, fine grained, moderately weathered,
moderately hard to hard, ferriferous,
medium bedded, moderate to highly
fractured, flat, highly weathered joints.

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @ 10.2'
Run-1 10.2' - 17.1'  18 minute run
Down Pressure = 0 - 150 Psi

Run-2 17.1' - 27.1'  10 minute run
Down Pressure = 150 Psi

Run-3 27.1' - 37.1'  13 minute run
Down Pressure =  150 Psi

Run-4 37.1' - 47.1'  24 minute run
Down Pressure =  200 Psi

2.
8

1.
8

2.
0

1.
6

10.2'  11.2'  0-5°, 5 Bs, R3-R4, O, Pl, Cl

11.2'  to 12.2  0-5°, 7 Bs, R3-R4, O, Pl, Cl

12.3'  0-5°, B, R4-R5, O, Pl
12.5'  0-5°, B, R4-R5, O, Pl
12.7'  0-5°, B, R5, t, Pl

14.2'  0-5°, B, R5, PtO-t, Pl
14.7'  0-5°, B, R4-R5, O, Pl
14.9'  0-5°, B, R5, t, Pl
15.8'  0-5°, B, R5, PtO-t, Pl

17.3'  0-5°, B, R5, t, Pl
17.4'  0-5°, B, R4, t, Pl
17.6'  0-5°, B, R5, PtO-t, Pl
18.3'  0-5°, B, R4-R5, O, Pl

19.7'  0-5°, B, R5, PtO-t, Pl

21.8'  0-5°, B, R5, t, Pl
21.9'  0-5°, B, R4, t, Pl
22.4'  0-5°, B, R5, PtO-t, Pl
22.5'  0-5°, B, R5, PtO-t, Pl
22.6'  0-5°, B, R4-R5, O, Pl
23.1'  0-5°, B, R5, t, Pl
23.5'  0-5°, B, R4-R5, t, Pl
23.6'  0-5°, B, R4, O, Pl
24.5'  0-5°, B, R5, t, Pl
24.8'  0-5°, B, R5, PtO-t, Pl
25.5'  0-5°, B, R4-R5, O, Pl
25.6'  0-5°, B, R5, t, Pl
26.1'  0-5°, B, R4-R5, t, Pl
27.4'  0-5°, B, R4, O, Pl
27.5'  0-5°, B, R5, t, Pl
27.7'  0-5°, B, R5, PtO-t, Pl
28.1'  to 28.2'  fractured rock
28.5'  0-5°, B, R5, t, Pl
29.2'  0-5°, B, R5, PtO-t, Pl
29.8'  0-5°, B, R4-R5, O, Pl
30.3'  0-5°, B, R5, t, Pl
30.4'  0-5°, B, R5, PtO-t, Pl
31.0'  0-5°, B, R5, t, Pl
31.7'  0-5°, B, R4, t, Pl
31.8'  0-5°, B, R5, PtO-t, Pl
31.9'  0-5°, B, R4-R5, O, Pl
32.2'  0-5°, B, R5, PtO-t, Pl
33.0'  0-5°, B, R5, t, Pl
33.5'  0-5°, B, R4, O, Pl
33.7'  0-5°, B, R5, t, Pl
34.1'  0-5°, B, R5, PtO-t, Pl
34.2'  0-5°, B, R4-R5, O, Pl
35.3'  0-5°, B, R5, t, Pl
35.8'  0-5°, B, R5, t, Pl
37.3'  0-5°, B, R5, PtO-t, Pl
37.4'  0-5°, B, R4-R5, O, Pl
37.5'  0-5°, B, R5, t, Pl
37.7'  to 37.8'  fractured rock
38.7'  to 38.9'  fractured rock

1

2

3

4

Prepared By: A. Mirza

Orientation: Vertical

D
ep

th
, f

ee
t

Coordinates: N 771204.6   E 1870990.9

Location: Tunnel Alignment

R
ec

o
ve

ry
, %

Date Start: 5/11/18       End:  5/22/18

Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 5

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 1

Top Drillhole Elevation:  995.0 feet MSL

Bottom Elevation: 817.9 feet MSL

Total Depth: 177.1 feet

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

E
le

va
ti

o
n

,
fe

et
 M

S
L

R
Q

D
, 

%
Groundwater Depth: 1.4

994

992

990

988

986

984

982

980

978

976

974

972

970

968

966

964

962

960

958

956

R
u

n
 N

u
m

b
er

BORING NO. B-25

F
ra

ct
u

re
s 

/ 
ft

LA
K

E
 L

O
G

S
  B

W
S

T
E

_P
H

A
S

E
2_

R
O

C
K

 L
O

G
S

 (
7_

25
_2

01
9

).
G

P
J 

 K
LE

IN
F

E
LD

E
R

 L
V

 C
O

R
E

 A
P

R
06

.G
D

T
  8

/2
/1

9

64

69

72

46

100

93

94

89



52.5 to 57.0'  Interbedded BEDFORD
SHALE (80%) and BEREA SANDSTONE
(20%)

57.0 to 87.1'  BEDFORD SHALE, grey,
very fine grained, highly weathered, soft
to moderately hard, thinly bedded, highly
to intensely fractured, flat, highly
weathered joints

Run-5 47.1' - 57.1'  26 minute run
Down Pressure = 200 Psi

Run-6 57.1' - 62.1'  46 minute run
Down Pressure = 200 Psi

Run-7 62.1' - 67.1'  15 minute run
Down Pressure = 150 Psi

Run-8 67.1' - 77.1'  39 minute run
Down Pressure = 150 Psi

Run-9 77.1' - 82.1'  21 minute run
Down Pressure = 100 Psi

1.
6

1.
9

2.
2

0.
8

1.
6

39.1'  0-5°, B, R4-R5, O, Pl
39.3'  to 39.4'  fractured rock
40.1'  0-5°, B, R4-R5, O, Pl
41.3'  0-5°, B, R5, t, Pl
41.5'  0-5°, B, R4, O, Pl
41.6'  to 42.1'  90°, Jt, R4, O, Und
42.1'  to 42.7' 80°, Jt, R4, O, Und
42.9'  0-5°, B, R5, PtO-t, Pl
43.0'  0-5°, B, R4-R5, O, Pl
43.5'  to 44.0'  fractured rock
44.1'  0-5°, B, R5, PtO-t, Pl
44.7'  0-5°, B, R5, t, Pl
44.8'  0-5°, B, R4, O, Pl
44.9'  0-5°, B, R5, t, Pl
45.1'  0-5°, B, R4, O, Pl
45.7'  to 45.9'  fractured rock

47.7'  0-5°, B, R5, t, Pl
48.2'  0-5°, B, R4, O, Pl
48.3'  to 48.5'  fractured rock
48.6'  0-5°, B, R4-R5, O, Pl
48.9'  0-5°, B, R5, t, Pl
49.0'  0-5°, B, R4, O, Pl
49.9'  0-5°, B, R4, O, Pl
50.0'  0-5°, B, R5, t, Pl
50.4'  0-5°, B, R4, O, Pl
50.5'  to 50.7'  fractured rock
50.9'  to 51.1'  90°, Jt, R4, O, Und
51.3'  0-5°, B, R4, t, Pl
51.5'  0-5°, B, R5, PtO-t, Pl
51.7'  0-5°, B, R4-R5, O, Pl
52.0'  0-5°, B, R5, PtO-t, Pl
52.4'  0-5°, B, R5, t, Pl
52.8'  0-5°, B, R4-R5, O, Pl
53.1'  0-5°, B, R5, PtO-t, Pl
53.2'  0-5°, B, R5, t, Pl
53.5'  0-5°, B, R4-R5, O, Pl
53.7'  to 53.9'  fractured rock
54.1'  0-5°, B, R5, t, Pl
57.1'  to 58.1' 0-5, 9 Bs, R4-R5, O, Pl
58.1'  to 59.1'  fractured rock

59.1'  to 60.1'  0-5, 8 Bs, R4-R5, O, Pl

60.2'  0-5°, B, R4-R5, O, Pl
60.3'  0-5°, B, R5, t, Pl
60.7'  0-5°, B, R5, PtO-t, Pl

62.1'  to 62.6'  fractured rock
62.8'  0-5°, B, R4-R5, O, Pl
63.1'  to 63.4'  fractured rock
63.6'  to 64.1'  fractured rock
64.2'  0-5°, B, R4-R5, O, Pl
64.3'  to 64.6'  fractured rock

67.1'  to 68.0' fractured rock

68.4'  0-5°, B, R4, t, Pl
68.6'  0-5°, B, R5, PtO-t, Pl
69.4'  0-5°, B, R4-R5, O, Pl
69.7'  to 69.8'  fractured rock
70.3'  to 70.5'  fractured rock
70.7'  to 71.3'  fractured rock

71.7'  to 72.2'  fractured rock
72.4'  to 73.0'  fractured rock

73.2'  0-5°, B, R5, t, Pl
73.3'  0-5°, B, R4-R5, O, Pl
73.7'  0-5°, B, R5, PtO-t, Pl
74.4'  0-5°, B, R5, t, Pl
74.8'  0-5°, B, R4-R5, O, Pl
74.8'  to 75.3'  fractured rock

77.2'  0-5°, B, R4-R5, O, Pl
77.7'  to 77.8'  fractured rock
78.3'  to 78.5'  fractured rock
78.7'  0-5°, B, R5, PtO-t, Pl
78.9'  0-5°, B, R4-R5, O, Pl

4
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87.1 to 121.6'  BEDFORD SHALE, grey,
very fine grained, moderately weathered,
moderately hard, arenaceous, thinly
bedded, moderately fractured, flat,
moderately weathered joints

Run-10 82.1' - 87.1'  18 minute run
Down Pressure = 100 Psi

Run-11 87.1' - 97.1'  40 minute run
Down Pressure = 150 Psi

Run-12 97.1' - 107.1'  45 minute
run
Down Pressure = 150 Psi
Increase in water use during
Run 12

Run-13 107.1' - 117.1'  41 minute
run
Down Pressure = 375 Psi

Run-14 117.1' - 127.1'  38 minute
run
Down Pressure = 400 Psi
Increase in water use during Run
14

1.
6

2.
4

1.
7

3.
7

3.
0

2.
4

79.1'  0-5°, B, R5, PtO-t, Pl
79.4'  0-5°, B, R5, t, Pl
79.7'  0-5°, B, R4-R5, O, Pl
80.1'  0-5°, B, R5, PtO-t, Pl
80.3'  0-5°, B, R5, t, Pl
82.3'  to 82.4'  fractured rock
82.5'  0-5°, B, R5, PtO-t, Pl
83.3'  0-5°, B, R4-R5, O, Pl
84.0'  0-5°, B, R5, t, Pl
84.4'  0-5°, B, R5, PtO-t, Pl
84.5'  0-5°, B, R5, O, Pl
84.8'  0-5°, B, R4, t, Pl
85.0'  0-5°, B, R5, t, Pl
85.1'  0-5°, B, R4-R5, O, Pl
85.2'  0-5°, B, R4, PtO-t, Pl
85.5'  0-5°, B, R5, t, Pl
85.8'  0-5°, B, R4, O, Pl
86.0'  to 86.3'  fractured rock
87.3'  0-5°, B, R5, t, Pl
87.6'  0-5°, B, R4, t, Pl
88.2'  0-5°, B, R5, PtO-t, Pl
88.7'  0-5°, B, R4-R5, O, Pl
89.0'  0-5°, B, R5, PtO-t, Pl
89.4'  0-5°, B, R5, O, Pl
90.3'  0-5°, B, R4, t, Pl
90.6'  0-5°, B, R5, PtO-t, Pl
91.3'  0-5°, B, R4-R5, O, Pl
91.6'  to 92.1'  fractured rock
92.3'  0-5°, B, R4-R5, O, Pl
92.6'  to 93.5' 90°, Jt, R4, O, Und

94.2'  0-5°, B, R5, t, Pl
94.5'  0-5°, B, R5, PtO-t, Pl
95.0'  0-5°, B, R5, t, Pl
95.5'  0-5°, B, R4, t, Pl
95.7'  0-5°, B, R5, PtO-t, Pl
95.9'  0-5°, B, R4-R5, O, Pl
96.0'  0-5°, B, R5, PtO-t, Pl
97.3'  0-5°, B, R5, t, Pl
97.6'  0-5°, B, R4, t, Pl
98.4'  0-5°, B, R5, PtO-t, Pl

99.2'  0-5°, B, R5, PtO-t, Pl
99.4'  0-5°, B, R4-R5, O, Pl
99.6'  0-5°, B, R5, t, Pl
99.8'  0-5°, B, R5, PtO-t, Pl
100.0'  0-5°, B, R5, O, Pl
100.2'  0-5°, B, R4, t, Pl
100.4'  0-5°, B, R5, PtO-t, Pl
100.5'  0-5°, B, R4-R5, O, Pl
100.8'  0-5°, B, R4, O, Pl
101.0'  to 102.0'  0-5, 8 Bs, R4, O, Pl
102.1'  0-5°, B, R4-R5, O, Pl
102.5'  0-5°, B, R5, PtO-t, Pl
102.8'  0-5°, B, R5, t, Pl
102.9'  0-5°, B, R4, t, Pl
103.0'  0-5°, B, R5, PtO-t, Pl
103.2'  to 103.5'  fractured rock
104.0'  0-5°, B, R4-R5, O, Pl
104.3'  0-5°, B, R5, t, Pl
104.5'  0-5°, B, R5, PtO-t, Pl
104.7'  0-5°, B, R5, t, Pl
105.9'  0-5°, B, R5, PtO-t, Pl
106.1'  0-5°, B, R5, O, Pl
106.2'  0-5°, B, R4, t, Pl
106.5'  0-5°, B, R5, PtO-t, Pl
107.3'  0-5°, B, R4-R5, O, Pl
107.6'  to 108.0' 0-5, 6 Bs, R4-R5, PtO-t, Pl
108.2'  0-5°, B, R4, t, Pl
109.0'  0-5°, B, R5, PtO-t, Pl
109.1'  to 110.0'  0-5°, 10 Bs, R3-R5, PtO-t,
Pl
110.0'  to 111.0'  0-5°, 9 Bs, R4-R5, O, Pl
111.0'  to 111.5'  0-5°, 5 Bs, R3-R4, O, Pl
111.5'  to 111.7'  fractured rock
111.9'  0-5°, B, R4, O, Pl
113.4'  0-5°, B, R5, PtO-t, Pl
114.4'  0-5°, B, R4-R5, O, Pl
114.5'  0-5°, B, R5, t, Pl
114.9'  0-5°, B, R5, PtO-t, Pl
115.3'  0-5°, B, R5, PtO-t, Pl
116.1'  0-5°, B, R4, t, Pl

117.5'  to 117.7'  fractured rock

118.8'  0-5°, B, R5, PtO-t, Pl
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121.6 to 147.1'  BEDFORD SHALE, red,
very fine grained, moderately to highly
weathered, soft to moderately hard,
argillaceous, thinly bedded, highly to
moderately fractured, highly weathered
joints

147.1 to 152.0'  Interbedded red (50%)
and grey (50%) BEDOFRD SHALE,
same as above

152.0 to 167.1'  OHIO SHALE, black,
very fine grained, slightly to moderately
weathered, moderately hard, thinly
bedded, moderate to highly fractured, flat,
moderately to highly weathered joints

Shaded Red Water Return
Throughout Run-14

Run-15 127.1' - 137.1'  36 minute
run
Down Pressure = 475 Psi

Run-16 137.1' - 147.1'  35 minute
run
Down Pressure = 475 Psi

Run-17 147.1' - 157.1'  55 minute
run
Down Pressure = 350 Psi

Run-18 157.1' - 167.1'  60 minute
run
Down Pressure =  450 Psi
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1.
2

4.
7

3.
0

2.
7

120.9'  0-5°, B, R4, O, Pl
121.1'  to 122.1'  0-5, 9 Bs, R3-R5, O, Pl

122.2'  0-5°, B, R5, PtO-t, Pl
122.4'  0-5°, B, R4, t, Pl
122.6'  0-5°, B, R5, PtO-t, Pl
123.0'  0-5°, B, R4, O, Pl
123.5'  0-5°, B, R5, PtO-t, Pl
123.6'  0-5°, B, R4-R5, O, Pl
123.9'  0-5°, B, R5, t, Pl
124.2'  0-5°, B, R5, PtO-t, Pl
124.4'  0-5°, B, R5, t, Pl
124.7'  0-5°, B, R4, t, Pl
125.4'  0-5°, B, R5, PtO-t, Pl
125.7'  0-5°, B, R5, PtO-t, Pl
126.3'  0-5°, B, R4-R5, O, Pl
127.3'  0-5°, B, R5, t, Pl
127.4'  0-5°, B, R4, PtO-t, Pl
127.7'  0-5°, B, R5, PtO-t, Pl
128.2'  0-5°, B, R4, O, Pl
128.4'  to 128.6'  fractured rock

131.2'  0-5°, B, R4-R5, O, Pl
131.4'  0-5°, B, R5, PtO-t, Pl
132.0'  0-5°, B, R4, t, Pl
132.7'  0-5°, B, R5, PtO-t, Pl
133.3'  0-5°, B, R4, O, Pl

134.5'  0-5°, B, R4-R5, PtO-t, Pl

136.0'  0-5°, B, R5, t, Pl

137.1'  to 137.6'  0-5°, 5 Bs, R4-R5, O, Pl

138.0'  0-5°, B, R5, t, Pl
138.2'  0-5°, B, R4-R5, PtO-t, Pl
138.4'  0-5°, B, R4-R5, O, Pl
138.5'  to 138.7'  fractured rock
139.0'  0-5°, B, R5, PtO-t, Pl
139.4'  0-5°, B, R4, O, Pl
139.7'  0-5°, B, R5, PtO-t, Pl
139.9'  0-5°, B, R4-R5, O, Pl
140.0'  0-5°, B, R5, O, Pl
140.1'  to 141.0'  0-5°, 7 Bs, R4-R5, PtO-t,
Pl
141.3'  0-5°, B, R4, t, Pl
141.7'  0-5°, B, R5, PtO-t, Pl
141.8'  0-5°, B, R4, O, Pl
142.1'  0-5°, B, R5, PtO-t, Pl
142.4'  0-5°, B, R4-R5, O, Pl
142.5'  0-5°, B, R5, PtO-t, Pl
142.7'  0-5°, B, R4, t, Pl
142.9'  0-5°, B, R5, PtO-t, Pl
143.1'  0-5°, B, R4, O, Pl
143.3'  0-5°, B, R5, PtO-t, Pl
143.6'  0-5°, B, R4-R5, O, Pl
143.8'  0-5°, B, R5, t, Pl
144.2'  0-5°, B, R4-R5, O, Pl
144.4'  0-5°, B, R4-R5, O, Pl
144.6'  0-5°, B, R5, PtO-t, Pl
144.8'  0-5°, B, R4, t, Pl
145.0'  0-5°, B, R5, PtO-t, Pl
145.1'  to 146.0'  0-5°, 7 Bs, R4, O, Pl
146.2'  0-5°, B, R4, t, Pl
146.4'  0-5°, B, R5, PtO-t, Pl
146.7'  0-5°, B, R4, O, Pl
147.2'  0-5°, B, R5, PtO-t, Pl
147.5'  0-5°, B, R4-R5, O, Pl
147.7'  0-5°, B, R5, PtO-t, Pl
147.9'  0-5°, B, R4, O, Pl
148.0'  0-5°, B, R5, PtO-t, Pl
148.1'  0-5°, B, R4-R5, O, Pl
148.4'  to 148.6'  fraactured rock
148.7'  0-5°, B, R5, t, Pl
148.9'  0-5°, B, R4, O, Pl
149.1'  0-5°, B, R5, PtO-t, Pl
149.2'  0-5°, B, R4-R5, O, Pl
149.5'  0-5°, B, R5, PtO-t, Pl
149.8'  0-5°, B, R4, t, Pl
150.2'  0-5°, B, R5, PtO-t, Pl
150.3'  0-5°, B, R4, O, Pl
150.4'  0-5°, B, R5, PtO-t, Pl
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Big Walnut Sewer Tunnel Extension - Phase 2
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 1

Top Drillhole Elevation:  995.0 feet MSL

Bottom Elevation: 817.9 feet MSL

Total Depth: 177.1 feet
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End of Boring at 177.1 feet

Run-19 167.1' - 177.1'  22 minute
run
Down Pressure = 475 Psi

2.
7

3.
0

150.6'  0-5°, B, R4-R5, O, Pl
151.0'  0-5°, B, R5, t, Pl
151.5'  0-5°, B, R4, t, Pl
151.8'  0-5°, B, R5, PtO-t, Pl
152.1'  to 152.7'  0-5°, 5 Bs, R5, PtO-t, Pl
153.4'  0-5°, B, R4, O, Pl
154.0'  to 154.4'  fractured rock
155.0'  to 155.7'  0-5°, 5 Bs, R5, PtO-t, Pl
157.2'  to 157.9  0-5°, 4 Bs, R4, O, Pl
158.1'  to 158.8 0-5°, 5 Bs, R5, PtO-t, Pl
159.0'  to 159.9'  0-5°, 4 Bs, R4, O, Pl
160.2'  to 160.5'  0-5°, 3 Bs, R4, O, Pl
161.0'  0-5°, B, R5, PtO-t, Pl
161.5'  0-5°, B, R5, t, Pl
161.9'  0-5°, B, R4, O, Pl
162.0'  to 162.6'  0-5°, 4 Bs, R4, PtO-t, Pl
163.4'  0-5°, B, R4, O, Pl
164.0'  0-5°, B, R4-R5, t, Pl
164.1'  to 164.4'  fractured rock
164.9'  0-5°, B, R4-R5, t, Pl
165.1'  to 165.8'  0-5°, 5 Bs, R5, O, Pl
167.1'  to 167.5 fractured rock
168.4'  0-5°, B, R5, PtO-t, Pl
168.6'  0-5°, B, R5, t, Pl
169.8'  0-5°, B, R4, t, Pl
170.0'  0-5°, B, R5, PtO-t, Pl
170.4'  0-5°, B, R4-R5, O, Pl
170.8'  0-5°, B, R5, PtO-t, Pl
171.0'  to 171.3'  0-5°, 3 Bs, R5, O, Pl
172.1'  to 172.9'  0-5°, 4 Bs, R4-R5, O, Pl
173.1'  to 173.7'  0-5°, 4 Bs, R4, PtO-t, Pl
174.0'  0-5°, B, R4-R5, O, Pl
174.5'  0-5°, B, R5, t, Pl
175.1'  to 175.7'  0-5°, 4 Bs, R4-R5, O, Pl

176.0'  to 176.8' 0-5°, 4 Bs, R5, PtO-t, Pl

  

18

19

Prepared By: A. Mirza

Orientation: Vertical

D
ep

th
, f

ee
t

Coordinates: N 771204.6   E 1870990.9

Location: Tunnel Alignment

R
ec

o
ve

ry
, %

Date Start: 5/11/18       End:  5/22/18

Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 5 of 5

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 1

Top Drillhole Elevation:  995.0 feet MSL

Bottom Elevation: 817.9 feet MSL

Total Depth: 177.1 feet
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  177.0'  0-5°, B, R5, t, Pl



10.2 to 56.5'  BEREA SANDSTONE,
grey, fine grained, slightly weathered,
hard, medium bedded, slightly to
moderately fractured

Top of Rock @ 10.2'
Run-1 10.2' - 15.6'  12 minute run
Down Pressure = 450 Psi

Run-2 15.6' - 25.6'  32 minute run
Down Pressure = 350 Psi

Run-3 25.6' - 35.6'  22 minute run
Down Pressure = 450 to 500 Psi

Run-4 35.6' - 45.6'  26 minute run
Down Pressure = 450 Psi

1.
7

0.
9

1.
2

1.
6

11.8'  0-5°, B, R4-R5, O, Pl
12.1'  0-5°, B, R4-R5, O, Pl
12.2'  30°, Jt, R4-R5, O, Pl
13.0'  0-5°, B, R5, PtO-t, Pl
13.3'  0-5°, B, R5, t, Pl
13.4'  0-5°, B, R4-R5, O, Pl
14.4'  0-5°, B, R4-R5, O, Pl
14.7'  0-5°, B, R5, PtO-t, Pl
15.0'  0-5°, B, R4, t, Pl

16.4'  0-5°, B, R5, PtO-t, Pl

18.9'  0-5°, B, R4-R5, O, Pl
19.3'  0-5°, B, R5, PtO-t, Pl
19.5'  0-5°, B, R4, O, Pl
20.5'  0-5°, B, R5, PtO-t, Pl
20.8'  0-5°, B, R4-R5, O, Pl

24.6'  0-5°, B, R4-R5, O, Pl
24.9'  0-5°, B, R5, PtO-t, Pl
25.4'  0-5°, B, R4, O, Pl
26.0'  0-5°, B, R5, PtO-t, Pl

27.0'  to 27.1'  fractured rock
27.4'  0-5°, B, R5, PtO-t, Pl

28.3'  0-5°, B, R5, PtO-t, Pl
28.4'  0-5°, B, R5, t, Pl

29.8'  0-5°, B, R4, t, Pl
29.9'  0-5°, B, R5, PtO-t, Pl
30.2'  0-5°, B, R4-R5, O, Pl
30.4'  0-5°, B, R5, PtO-t, Pl
30.9'  0-5°, B, R5, PtO-t, Pl

34.3'  0-5°, B, R4-R5, O, Pl
35.0'  0-5°, B, R4, O, Pl
35.3'  0-5°, B, R5, PtO-t, Pl

36.2'  30°, Jt, R4-R5, O, Pl
36.5'  0-5°, B, R4-R5, O, Pl
36.7'  0-5°, B, R5, PtO-t, Pl

38.3'  0-5°, B, R4, O, Pl

39.1'  0-5°, B, R5, PtO-t, Pl
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Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 6

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 795.6 feet MSL

Total Depth: 205.6 feet
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56.5 to 62.2'  BEDFORD SHALE, grey,
very fine grained, moderately to highly
weathered, moderately hard, thinly
bedded, moderately to highly fractured

62.2 to 85.6'  Interbedded BEDFORD
SHALE and BEREA SANDSTONE
(60%/40%)
BEDFORD SHALE, grey, very fine
grained, moderately to highly weathered,
moderately hard, thinly bedded,
moderately to highly fractured
BAREA SANDSTONE, grey, fine
grained, slightly weathered, hard, medium
bedded, slightly to moderately fractured

High Water Loss near 41.7'

Run-5 45.6' - 55.6'  40 minute run
Down Pressure = 500 Psi
800 Gallons of water used for run

Run-6  55.6' - 65.6'  40 minute run
Down Pressure = 350 to 700 Psi
650 Gallons of water used

Run-7  65.6' - 75.6'  29 minute run
Down Pressure = 500 Psi
500 gallons of water used

Run-8 75.6' - 85.6'  35 minute run
Down Pressure = 500 Psi
500 gallons of water used

1.
6

1.
5

1.
9

1.
9

1.
3

39.3'  0-5°, B, R5, O, Pl
39.9'  0-5°, B, R5, PtO-t, Pl
40.8'  0-5°, B, R4-R5, O, Pl

41.8'  0-5°, B, R5, PtO-t, Pl
42.0'  0-5°, B, R5, PtO-t, Pl
42.3'  0-5°, B, R5, t, Pl
43.1'  0-5°, B, R4, t, Pl
43.2'  0-5°, B, R5, PtO-t, Pl
43.4'  0-5°, B, R4-R5, O, Pl
44.3'  0-5°, B, R5, PtO-t, Pl
44.8'  60°, R4-R5, O, Und

47.1'  0-5°, B, R5, PtO-t, Pl
47.4'  0-5°, B, R4-R5, O, Pl
47.7'  0-5°, B, R5, t, Pl
47.9'  0-5°, B, R4-R5, O, Pl
48.1'  0-5°, B, R4-R5, O, Pl
48.3'  0-5°, B, R5, t, Pl
48.8'  0-5°, B, R4, O, Pl
49.3'  0-5°, B, R5, PtO-t, Pl
50.6'  0-5°, B, R5, t, Pl
50.9'  0-5°, B, R4, t, Pl
51.2'  0-5°, B, R5, PtO-t, Pl

52.7'  0-5°, B, R5, t, Pl
53.1'  0-5°, B, R4-R5, O, Pl
53.2'  0-5°, B, R4-R5, O, Pl
53.4'  0-5°, B, R5, t, Pl

55.7'  to 56.0'  fractured rock
56.2'  0-5°, B, R4-R5, O, Pl
56.4'  to 56.8'  fractured rock
57.2'  0-5°, B, R5, O, Pl
57.4'  to 57.6'  fractured rock
58.0'  0-5°, B, R4-R5, O, Pl
58.5'  0-5°, B, R5, O, Pl
58.6'  0-5°, B, R5, PtO-t, Pl
58.9'  0-5°, B, R5, PtO-t, Pl
59.2'  0-5°, B, R4, O, Pl
59.3'  0-5°, B, R5, O, Pl
59.6'  0-5°, B, R5, t, Pl
59.7'  to 59.8'  fractured rock
60.1'  to 60.2'  fractured rock
60.6'  0-5°, B, R4, O, Pl
60.8'  0-5°, B, R4-R5, O, Pl
60.9'  0-5°, B, R5, t, Pl
61.0'  0-5°, B, R4, O, Pl
61.4'  0-5°, B, R5, PtO-t, Pl
61.6'  0-5°, B, R5, O, Pl
61.8'  0-5°, B, R5, t, Pl
62.2'  to 62.9'  fractured rock
63.0'  0-5°, B, R5, t, Pl
63.1'  0-5°, B, R4, O, Pl
63.3'  0-5°, B, R5, PtO-t, Pl
63.5'  0-5°, B, R4-R5, O, Pl
65.6'  to 65.9'  fractured rock
66.4'  0-5°, B, R5, PtO-t, Pl
66.8'  0-5°, B, R4, t, Pl
67.3'  0-5°, B, R4-R5, O, Pl
67.6'  0-5°, B, R4, O, Pl
68.3'  to 68.4'  fractured rock
69.2'  0-5°, B, R5, PtO-t, Pl
69.7'  0-5°, B, R4-R5, O, Pl
70.0'  0-5°, B, R5, PtO-t, Pl
70.1'  to 70.1'  90°, R4-R5, O, Und
70.3'  0-5°, B, R5, PtO-t, Pl
70.6'  0-5°, B, R4-R5, PtO-t, Pl
71.1'  0-5°, B, R4-R5, O, Pl
71.9'  0-5°, B, R5, PtO-t, Pl
72.3'  0-5°, B, R4-R5, O, Pl
72.5'  0-5°, B, R5, PtO-t, Pl
73.4'  0-5°, B, R4, t, Pl
74.4'  0-5°, B, R5, PtO-t, Pl
74.5'  0-5°, B, R4, O, Pl
74.9'  0-5°, B, R5, PtO-t, Pl
75.3'  0-5°, B, R4-R5, O, Pl
75.9'  0-5°, B, R5, PtO-t, Pl
76.9'  0-5°, B, R5, t, Pl
77.4'  0-5°, B, R4, t, Pl
77.6'  0-5°, B, R5, PtO-t, Pl
77.8'  0-5°, B, R4-R5, O, Pl
78.8'  0-5°, B, R5, PtO-t, Pl
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Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 795.6 feet MSL

Total Depth: 205.6 feet
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85.6 to 125.6'  BEDFORD SHALE, grey,
very fine grained, moderately weathered,
soft to moderately hard, thinly bedded,
slighty fractured, slightly weathered joints,
friable

75.6' - 85.6' Gas Meter H2s = 0 to 1

Run-9 85.6' - 95.6'  22 minute run
Down Pressure = 500 Psi

Run-10 95.6' - 105.6'  15 minute
run
Down Pressure = 500 Psi

Run-11 105.6' - 115.6'  30 minute
run
Down Pressure = 500 Psi

Run-12 115.6' - 125.6'  12 minute
run
Down Pressure = 500 Psi

1.
3

2.
1

1.
0

1.
2

0.
2

80.3'  0-5°, B, R4, O, Pl

81.5'  0-5°, B, R5, PtO-t, Pl

82.4'  0-5°, B, R4-R5, O, Pl

83.7'  0-5°, B, R5, t, Pl
84.2'  0-5°, B, R5, PtO-t, Pl
84.6'  0-5°, B, R5, t, Pl
85.1'  0-5°, B, R5, PtO-t, Pl

85.9'  0-5°, B, R5, t, Pl
86.3'  0-5°, B, R4-R5, O, Pl
86.4'  0-5°, B, R4, t, Pl
86.9'  0-5°, B, R5, PtO-t, Pl
87.8'  0-5°, B, R4, O, Pl

88.7'  0-5°, B, R5, PtO-t, Pl

89.5'  0-5°, B, R4-R5, O, Pl
89.9'  0-5°, B, R5, t, Pl
90.4'  0-5°, B, R5, PtO-t, Pl
90.6'  0-5°, B, R5, t, Pl
91.0'  0-5°, B, R4, t, Pl
91.1'  0-5°, B, R5, PtO-t, Pl
91.3'  0-5°, B, R5, PtO-t, Pl
91.6'  0-5°, B, R4-R5, O, Pl
92.0'  0-5°, B, R5, t, Pl
92.5'  0-5°, B, R4, PtO-t, Pl
92.7'  0-5°, B, R5, PtO-t, Pl
93.3'  0-5°, B, R5, PtO-t, Pl
93.7'  0-5°, B, R4, O, Pl
94.0'  0-5°, B, R5, PtO-t, Pl
94.8'  0-5°, B, R4-R5, O, Pl
96.1'  0-5°, B, R5, t, Pl

97.7'  0-5°, B, R5, PtO-t, Pl

98.6'  0-5°, B, R5, t, Pl
98.8'  0-5°, B, R4, t, Pl

100.3'  0-5°, B, R4-R5, O, Pl

101.2'  0-5°, B, R4-R5, O, Pl

102.0'  0-5°, B, R4, O, Pl
102.4'  0-5°, B, R4-R5, O, Pl

104.1'  0-5°, B, R4, O, Pl

105.4'  0-5°, B, R5, PtO-t, Pl

108.0'  0-5°, B, R4-R5, O, Pl
108.4'  0-5°, B, R5, t, Pl

109.4'  0-5°, B, R5, PtO-t, Pl

111.0'  0-5°, B, R5, t, Pl
111.2'  0-5°, B, R4, t, Pl
111.5'  0-5°, B, R5, PtO-t, Pl
111.6'  0-5°, B, R5, t, Pl
112.3'  0-5°, B, R5, PtO-t, Pl
112.5'  0-5°, B, R4-R5, PtO-t, Pl
113.1'  0-5°, B, R4-R5, O, Pl
113.6'  0-5°, B, R5, t, Pl
114.6'  0-5°, B, R5, PtO-t, Pl

117.9'  0-5°, B, R5, O, Pl

119.3'  to 119.7'  fractured rock
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Project No. 173409058

Core Size: NQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 795.6 feet MSL

Total Depth: 205.6 feet
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125.6 to 153.2'  BEDFORD SHALE, red
and gray to red, very fine grained,
moderately weathered, soft to moderately
hard, thinly bedded, slighty fractured,
slightly weathered joints, friable

153.2 to 169.2'  BEDFORD SHALE,
grey, very fine grained, slightly
weathered, moderately hard, thinly
bedded, unfractured to slighty fractured

Run-13 125.6' - 135.6'  57 minute
run
Down Pressure = 375 Psi

Run-14 135.6' - 145.6'  40 minute
run
Down Pressure = 375 Psi

Run-15 145.6' - 155.6'  26 minute
run
Down Pressure = 500 Psi

146.8' - 152.7' Gas Meter COMB =
4 to reading over limit

Run-16  155.6' - 165.6'  26 minute
run
Down Pressure = 375 Psi

0.
2

1.
6

1.
3

0.
6

0.
8

122.8'  0-5°, B, R5, PtO-t, Pl

127.0'  0-5°, B, R5, O, Pl
127.6'  0-5°, B, R4-R5, O, Pl

129.0'  0-5°, B, R5, PtO-t, Pl
129.2'  0-5°, B, R5, O, Pl
129.4'  0-5°, B, R4-R5, O, Pl
129.8'  0-5°, B, R5, O, Pl
130.0'  0-5°, B, R4-R5, O, Pl
130.2'  0-5°, B, R5, PtO-t, Pl
130.4'  0-5°, B, R4-R5, O, Pl
130.8'  0-5°, B, R5, PtO-t, Pl
131.2'  0-5°, B, R4, O, Pl
131.3'  0-5°, B, R5, PtO-t, Pl
132.2'  0-5°, B, R4, O, Pl
132.9'  0-5°, B, R5, PtO-t, Pl
134.2'  0-5°, B, R4-R5, O, Pl

135.3'  to 135.6'  90°, R4-R5, O, Und

136.8'  0-5°, B, R4-R5, O, Pl
137.2'  0-5°, B, R5, t, Pl
137.5'  0-5°, B, R5, PtO-t, Pl
138.4'  0-5°, B, R5, t, Pl
138.9'  0-5°, B, R5, PtO-t, Pl

139.7'  0-5°, B, R5, t, Pl

140.9'  0-5°, B, R4-R5, O, Pl
141.4'  0-5°, B, R5, t, Pl

142.2'  0-5°, B, R5, PtO-t, Pl

143.7'  0-5°, B, R5, t, Pl
144.0'  0-5°, B, R5, PtO-t, Pl
144.3'  0-5°, B, R5, t, Pl
144.5'  0-5°, B, R5, PtO-t, Pl

146.4'  0-5°, B, R5, t, Pl

148.0'  0-5°, B, R5, PtO-t, Pl

150.0'  0-5°, B, R5, t, Pl
150.7'  0-5°, B, R5, PtO-t, Pl

151.6'  0-5°, B, R5, t, Pl

152.6'  0-5°, B, R4-R5, O, Pl
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Core Size: NQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 795.6 feet MSL

Total Depth: 205.6 feet
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169.2 to 205.6'  OHIO SHALE, black,
very fine grained, unweathered,
moderately hard, thinly bedded,
unfractured to slightly fractured,
unweathered to slightly joints.

Run-17 165.6' - 175.6'  40 minute
run
Down Pressure = 375 Psi

Run-18  175.6' - 185.6'  33 minute
run
Down Pressure = 475 Psi
176.7' - 177.0'  UCS = 8,796 Psi

Run-19 185.6' - 195.6'  21 minute
run
Down Pressure = 450 Psi

Run-20 195.6' - 205.6'  23 minute
run
Down Pressure = 300 to 400 Psi
Gas meter set off with high comb
levels, no gas found after packer
testing

0.
8

0.
3

0.
3

0.
5

0.
6

159.9'  to 160.2'  0-5°, 4 Bs, R4-R5, O, Pl
160.7'  0-5°, B, R4-R5, O, Pl

164.9'  0-5°, B, R5, PtO-t, Pl
165.3'  0-5°, B, R4, O, Pl
165.5'  0-5°, B, R5, PtO-t, Pl

170.5'  0-5°, B, R4, O, Pl

175.3'  0-5°, B, R5, t, Pl

176.7'  0-5°, B, R4-R5, O, Pl

179.7'  0-5°, B, R4-R5, O, Pl

184.9'  0-5°, B, R5, t, Pl

186.6'  0-5°, B, R4, O, Pl

189.1'  to 189.6'  90°, Jt, R3-R4, O, Und

190.1'  0-5°, B, R4-R5, O, Pl
190.6'  0-5°, B, R5, t, Pl
190.9'  0-5°, B, R4, O, Pl

196.2'  0-5°, B, R5, PtO-t, Pl

198.6'  0-5°, B, R4-R5, O, Pl
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Core Size: NQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 795.6 feet MSL

Total Depth: 205.6 feet
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End of Boring at 205.6 feet

195.6' - 205.6' Gas Meter COMB =
33

0.
6

200.2'  to 200.9' 90°, Jt, R3-R4, O, Und

201.5'  0-5°, B, R4-R5, O, Pl
201.8'  0-5°, B, R5, t, P
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Project No. 173409058

Core Size: NQ

Driller: Stantec/ M.M

Logged By: Paul Cichocki/Stantec

Checked By: B. Madras Natarajan

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 795.6 feet MSL

Total Depth: 205.6 feet
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205.3'  0-5°, B, R4-R5, O, Pl



7.5 to 46.0'   BEREA SANDSTONE,
grey, fine grained, slightly to moderately
weathered, moderately hard to hard, thin
to medium bedded, moderately to highly
fractured

Top of rock @7.5'
Run-1 7.5' - 10.5'  10 minute run
Down Pressure = 250 Psi

Run-2 10.5' - 15.5'  20 minute run
Down Pressure = 300 Psi

Run-3 15.5' - 25.5'  20 minute run
Down Pressure = 350 Psi

Run-4 25.5' - 35.5'  15 minute run
Down Pressure = 350 Psi

Run-5 35.5' - 45.5'  20 minute run

2.
7

4.
0

2.
5

1.
6

1.
2

7.5'  to 9.0'  90°, Jt, R4, O, Und

9.1'  0-5°, B, R4, O, Pl, Cl
9.2'  0-5°, B, R4-R5, O, Pl, Cl
9.8'  0-5°, B, R5, O, Pl, Cl
9.9'  0-5°, B, R4, PtO-t, Pl, Cl
10.1'  0-5°, B, R5, O, Pl, Cl
10.3'  0-5°, B, R4, O, Pl, Cl
10.5'  0-5°, B, R4-R5, t, Pl
10.7'  to 11.2'  fractured rock
11.4'  0-5°, B, R4, t, Pl
11.5'  0-5°, B, R5, PtO-t, Pl
11.7'  0-5°, B, R4-R5, O, Pl
11.8'  0-5°, B, R4, O, Pl
11.9'  0-5°, B, R5, PtO-t, Pl
12.1'  30°, Jt, R4, O, Und
12.2'  0-5°, B, R5, PtO-t, Pl
12.3'  0-5°, B, R4-R5, O, Pl
12.6'  0-5°, B, R5, PtO-t, Pl
12.8'  0-5°, B, R4, t, Pl
13.2'  0-5°, B, R5, PtO-t, Pl
13.3'  0-5°, B, R4, O, Pl
13.7'  0-5°, B, R5, PtO-t, Pl
13.8'  0-5°, B, R4, t, Pl
14.1'  0-5°, B, R5, PtO-t, Pl
14.3'  0-5°, B, R4-R5, O, Pl
14.8'  0-5°, B, R4, O, Pl
14.9'  0-5°, B, R5, PtO-t, Pl
15.0'  30°, Jt, R4, O, Und
15.1'  0-5°, B, R5, PtO-t, Pl
15.6'  0-5°, B, R4-R5, O, Pl
15.8'  0-5°, B, R5, PtO-t, Pl
16.0'  0-5°, B, R4, t, Pl
16.1'  0-5°, B, R5, PtO-t, Pl
16.4'  0-5°, B, R4-R5, O, Pl
16.6'  0-5°, B, R5, PtO-t, Pl
16.7'  0-5°, B, R4-R5, O, Pl
17.0'  0-5°, B, R5, PtO-t, Pl
17.3'  0-5°, B, R4, t, Pl
17.4'  0-5°, B, R5, PtO-t, Pl
17.9'  0-5°, B, R4, O, Pl
18.3'  0-5°, B, R5, PtO-t, Pl
18.4'  0-5°, B, R4, t, Pl
18.8'  0-5°, B, R5, PtO-t, Pl
19.1'  0-5°, B, R4-R5, O, Pl
20.5'  0-5°, B, R4, O, Pl
21.3'  0-5°, B, R4, O, Pl
21.5'  0-5°, B, R5, PtO-t, Pl
21.8'  30°, Jt, R4, O, Und
22.5'  0-5°, B, R5, PtO-t, Pl
23.3'  0-5°, B, R4-R5, O, Pl
23.4'  0-5°, B, R5, PtO-t, Pl
23.7'  0-5°, B, R4, t, Pl
24.4'  0-5°, B, R5, PtO-t, Pl
24.5'  0-5°, B, R4, O, Pl
25.1'  0-5°, B, R5, PtO-t, Pl
25.3'  0-5°, B, R4, t, Pl
25.8'  0-5°, B, R5, PtO-t, Pl
26.4'  0-5°, B, R4-R5, O, Pl
27.4'  0-5°, B, R4, O, Pl
28.1'  0-5°, B, R5, PtO-t, Pl
28.4'  0-5°, B, R4-R5, O, Pl
28.7'  0-5°, B, R5, PtO-t, Pl
28.8'  0-5°, B, R4, t, Pl
29.1'  0-5°, B, R5, PtO-t, Pl
30.4'  0-5°, B, R4, O, Pl
31.0'  0-5°, B, R5, PtO-t, Pl
31.4'  0-5°, B, R4-R5, O, Pl
33.3'  0-5°, B, R5, t, Pl
34.2'  0-5°, B, R4-R5, O, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 793.7 feet MSL

Total Depth: 207.5 feet

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

E
le

va
ti

o
n

,
fe

et
 M

S
L

R
Q

D
, 

%
Groundwater Depth: 1.7

1000

998

996

994

992

990

988

986

984

982

980

978

976

974

972

970

968

966

964

962

R
u

n
 N

u
m

b
er

BORING NO. B-29

F
ra

ct
u

re
s 

/ 
ft

LA
K

E
 L

O
G

S
  B

W
S

T
E

_P
H

A
S

E
2_

R
O

C
K

 L
O

G
S

 (
7_

25
_2

01
9

).
G

P
J 

 K
LE

IN
F

E
LD

E
R

 L
V

 C
O

R
E

 A
P

R
06

.G
D

T
  8

/2
/1

9

0

0

45

85

67

94

95

100

100

100



46.0 to 85.5'  Interbedded BEDFORD
SHALE (50%)  and  BEREA
SANDSTONE (50%)
BEDFORD SHALE, grey, very fine
grained, unweathered to slightly
weathered, soft, thinly bedded, flat
BEREA SANDSTONE, grey, fine to
medium grained, slightly weathered, hard,
thinly bedded, highly fractured, flat

Run-6 45.5' - 55.5'  22 minute run
Down Pressure = 350 Psi

Run-7 55.5' - 65.5'  20 minute run
Down Pressure = 500 Psi

Run-8 65.5' - 75.5'  18 minute run
Down Pressure = 500 Psi

Run-9 75.5' - 85.5'  23 minute run
Down Pressure = 500 Psi

1.
2

1.
2

2.
3

2.
0

2.
2

34.4'  0-5°, B, R5, PtO-t, Pl
35.8'  0-5°, B, R4-R5, O, Pl
36.2'  to 36.6' fractured rock
37.4'  0-5°, B, R4, O, Pl
37.8'  0-5°, B, R5, PtO-t, Pl
38.0'  0-5°, B, R4-R5, O, Pl
39.1'  0-5°, B, R5, t, Pl
39.4'  to 39.5'  fractured rock
40.4'  0-5°, B, R4, O, Pl
40.6'  0-5°, B, R5, PtO-t, Pl
40.7'  to 41.7'  fractured rock
42.6'  0-5°, B, R4, O, Pl
43.7'  0-5°, B, R4, O, Pl
43.9'  0-5°, B, R4-R5, O, Pl
44.1'  45°, B, R4-R5, O, Pl
45.1'  0-5°, B, R4, O, Pl
45.7'  0-5°, B, R5, PtO-t, Pl
45.9'  to 46.1 fractured rock
46.5'  0-5°, B, R5, t, Pl
46.8'  0-5°, B, R4, O, Pl
47.6'  0-5°, B, R4-R5, O, Pl
48.4'  to 48.5'  fractured rock
48.9'  0-5°, B, R4, O, Pl
49.9'  0-5°, B, R5, PtO-t, Pl
50.7'  0-5°, B, R4-R5, O, Pl

52.0'  to 52.5'  fractured rock
52.7'  0-5°, B, R4-R5, O, Pl

53.8'  0-5°, B, R4, O, Pl
54.0'  0-5°, B, R5, t, Pl
54.3'  0-5°, B, R4, O, Pl

55.9'  0-5°, B, R4-R5, O, Pl
56.2'  0-5°, B, R5, t, Pl
56.6'  0-5°, B, R4, O, Pl

57.6'  0-5°, B, R5, PtO-t, Pl
58.3'  0-5°, B, R4-R5, O, Pl
58.4'  0-5°, B, R5, t, Pl
58.6'  0-5°, B, R4, O, Pl
58.8'  0-5°, B, R4-R5, O, Pl
59.0'  0-5°, B, R4-R5, O, Pl
59.3'  0-5°, B, R5, PtO-t, Pl
59.4'  0-5°, B, R4-R5, O, Pl
59.8'  0-5°, B, R5, PtO-t, Pl
60.2'  0-5°, B, R4, t, Pl
61.0'  0-5°, B, R5, PtO-t, Pl
61.3'  0-5°, B, R4-R5, O, Pl
61.9'  0-5°, B, R5, PtO-t, Pl
62.6'  0-5°, B, R4-R5, O, Pl
62.7'  0-5°, B, R5, PtO-t, Pl
62.8'  0-5°, B, R4, t, Pl
63.2'  0-5°, B, R5, PtO-t, Pl
63.4'  0-5°, B, R4, O, Pl
64.0'  0-5°, B, R5, PtO-t, Pl
65.1'  0-5°, B, R4, O, Pl
66.0'  0-5°, B, R5, PtO-t, Pl
66.3'  0-5°, B, R4-R5, O, Pl
66.4'  0-5°, B, R5, t, Pl
66.7'  0-5°, B, R5, PtO-t, Pl
67.0'  0-5°, B, R5, t, Pl
67.2'  0-5°, B, R4, t, Pl
67.6'  0-5°, B, R5, PtO-t, Pl
68.9'  0-5°, B, R4-R5, O, Pl
69.4'  0-5°, B, R5, t, Pl
69.8'  0-5°, B, R4, PtO-t, Pl
70.0'  0-5°, B, R5, PtO-t, Pl
70.8'  0-5°, B, R5, PtO-t, Pl
70.9'  0-5°, B, R5, t, Pl
71.4'  0-5°, B, R4, O, Pl
71.6'  0-5°, B, R5, PtO-t, Pl
72.4'  0-5°, B, R5, t, Pl
72.8'  0-5°, B, R4, t, Pl
73.4'  0-5°, B, R5, PtO-t, Pl
74.3'  0-5°, B, R5, PtO-t, Pl
74.9'  0-5°, B, R4, t, Pl
75.9'  to 76.0' fractured rock
76.1'  0-5°, B, R4, t, Pl
76.6'  0-5°, B, R5, PtO-t, Pl

77.8'  0-5°, B, R5, PtO-t, Pl
77.9'  0-5°, B, R4-R5, O, Pl
78.1'  0-5°, B, R5, t, Pl
78.7'  0-5°, B, R5, PtO-t, Pl
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Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 793.7 feet MSL

Total Depth: 207.5 feet
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85.5 to 126.2'  BEDFORD SHALE, grey,
very fine grained, unweathered, soft,
thinly bedded, flat

Run-10 85.5' - 95.5'  20 minute run
Down Pressure = 500 Psi

Run-11 95.5' - 105.5'  21 minute
run
Down Pressure = 500 Psi

Run-12 105.5' - 115.5'  30 minute
run
Down Pressure = 500 Psi

Run-13 115.5' - 125.5'  23 minute
run
Down Pressure = 500 Psi

2.
2

1.
5

1.
4

1.
0

1.
2

78.9'  0-5°, B, R5, t, Pl
79.0'  0-5°, B, R5, PtO-t, Pl
79.3'  0-5°, B, R5, PtO-t, Pl
79.4'  0-5°, B, R4-R5, O, Pl
79.8'  0-5°, B, R5, t, Pl
80.2'  0-5°, B, R4, PtO-t, Pl
80.6'  0-5°, B, R5, PtO-t, Pl
81.2'  0-5°, B, R5, PtO-t, Pl
81.4'  0-5°, B, R4, O, Pl
82.9'  0-5°, B, R5, PtO-t, Pl
83.0'  0-5°, B, R4-R5, O, Pl
83.6'  0-5°, B, R5, t, Pl
83.7'  0-5°, B, R5, PtO-t, Pl
84.5'  0-5°, B, R5, t, Pl
85.2'  0-5°, B, R4, t, Pl
85.9'  0-5°, B, R4-R5, O, Pl
86.4'  to 86.5'  fractured rock
86.9'  to 87.1'  fractured rock
87.3'  0-5°, B, R5, PtO-t, Pl
87.6'  0-5°, B, R4-R5, O, Pl
88.5'  0-5°, B, R5, PtO-t, Pl
89.2'  0-5°, B, R5, t, Pl
89.3'  0-5°, B, R4, t, Pl
90.0'  0-5°, B, R5, PtO-t, Pl
90.5'  0-5°, B, R5, PtO-t, Pl
90.8'  0-5°, B, R5, t, Pl
91.9'  0-5°, B, R4, O, Pl

93.2'  0-5°, B, R5, PtO-t, Pl
93.6'  0-5°, B, R5, t, Pl
94.1'  0-5°, B, R4, t, Pl
94.7'  0-5°, B, R5, PtO-t, Pl
95.3'  0-5°, B, R5, PtO-t, Pl
95.6'  0-5°, B, R4-R5, O, Pl
96.4'  0-5°, B, R5, t, Pl

97.5'  0-5°, B, R4, O, Pl

99.2'  0-5°, B, R5, PtO-t, Pl
99.6'  0-5°, B, R4-R5, O, Pl

100.6'  0-5°, B, R5, PtO-t, Pl
100.8'  0-5°, B, R5, t, Pl
101.4'  0-5°, B, R4, t, Pl
102.0'  0-5°, B, R5, PtO-t, Pl

102.8'  0-5°, B, R4-R5, O, Pl

104.0'  0-5°, B, R5, PtO-t, Pl
104.2'  0-5°, B, R5, t, Pl
104.7'  0-5°, B, R4, t, Pl
104.8'  0-5°, B, R5, PtO-t, Pl

106.8'  0-5°, B, R5, PtO-t, Pl

109.2'  0-5°, B, R4-R5, O, Pl

110.3'  0-5°, B, R5, t, Pl
110.5'  0-5°, B, R4, O, Pl

111.6'  0-5°, B, R5, PtO-t, Pl
112.1'  0-5°, B, R4-R5, O, Pl
112.5'  0-5°, B, R5, PtO-t, Pl

113.3'  0-5°, B, R4, t, Pl
113.4'  0-5°, B, R5, PtO-t, Pl
113.7'  0-5°, B, R4, O, Pl

116.6'  0-5°, B, R5, PtO-t, Pl

118.7'  0-5°, B, R4-R5, O, Pl
119.3'  0-5°, B, R5, t, Pl
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Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 793.7 feet MSL

Total Depth: 207.5 feet
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126.2 to 138.2'  BEDFORD SHALE, red,
very fine grained, unweathered, soft,
thinly bedded, flat

138.2 to 151.5'  BEDFORD SHALE,
grey with red bands, very fine grained,
unweathered, soft, thinly bedded, flat

151.5 to 165.5'  BEDFORD SHALE,
grey, very fine grained, unweathered,
soft, thinly bedded, flat

Run-14 125.5' - 135.5'  19 minute
run
Down Pressure = 500 Psi

Run-15 135.5' - 145.5'  19 minute
run
Down Pressure = 500 Psi

Run-16 145.5' - 155.5' 26 minute
run
Down Pressure = 500 Psi

Run-17 155.5' - 165.5'  40 minute
run
Down Pressure = 500 Psi

1.
2

1.
4

1.
5

0.
7

2.
0

119.6'  0-5°, B, R4-R5, O, Pl
120.4'  0-5°, B, R4-R5, O, Pl
120.5'  0-5°, B, R5, PtO-t, Pl
121.0'  0-5°, B, R4, t, Pl
121.4'  0-5°, B, R5, PtO-t, Pl

122.9'  0-5°, B, R5, PtO-t, Pl
123.4'  0-5°, B, R4, t, Pl

124.3'  0-5°, B, R5, PtO-t, Pl

125.4'  0-5°, B, R4-R5, O, Pl
125.6'  0-5°, B, R5, t, Pl
125.7'  0-5°, B, R4-R5, O, Pl
126.2'  0-5°, B, R5, t, Pl
126.4'  0-5°, B, R4-R5, O, Pl
126.6'  0-5°, B, R5, PtO-t, Pl
126.7'  0-5°, B, R4-R5, PtO-t, Pl
128.5'  0-5°, B, R4, t, Pl

130.2'  60°, Jt, R3-R4, O, Und
130.3'  0-5°, B, R5, PtO-t, Pl

131.6'  0-5°, B, R4, O, Pl
132.1'  0-5°, B, R5, PtO-t, Pl

133.3'  0-5°, B, R4-R5, O, Pl

134.4'  0-5°, B, R5, PtO-t, Pl
134.7'  0-5°, B, R4, t, Pl

136.3'  0-5°, B, R5, PtO-t, Pl

137.3'  0-5°, B, R4, O, Pl
137.7'  0-5°, B, R5, PtO-t, Pl
137.9'  0-5°, B, R4-R5, O, Pl

139.1'  0-5°, B, R5, t, Pl

140.0'  0-5°, B, R4-R5, O, Pl

141.2'  0-5°, B, R4-R5, O, Pl

142.1'  0-5°, B, R5, PtO-t, Pl
142.4'  0-5°, B, R4, t, Pl
142.9'  0-5°, B, R5, O, Pl
143.6'  0-5°, B, R5, PtO-t, Pl
143.9'  0-5°, B, R5, t, Pl
144.7'  0-5°, B, R4, t, Pl
145.2'  0-5°, B, R5, PtO-t, Pl
145.3'  0-5°, B, R4, O, Pl
146.3'  0-5°, B, R5, PtO-t, Pl

147.3'  0-5°, B, R4-R5, O, Pl

151.4'  0-5°, B, R5, PtO-t, Pl

152.3'  0-5°, B, R4, t, Pl

153.3'  0-5°, B, R5, PtO-t, Pl

154.8'  0-5°, B, R5, PtO-t, Pl
155.2'  0-5°, B, R4-R5, O, Pl
155.7'  0-5°, B, R5, t, Pl
156.1'  0-5°, B, R4-R5, O, Pl
156.5'  0-5°, B, R5, t, Pl
156.9'  0-5°, B, R5, t, Pl
157.3'  0-5°, B, R4-R5, O, Pl
157.8'  0-5°, B, R5, PtO-t, Pl
158.0'  0-5°, B, R4-R5, t, Pl
158.5'  0-5°, B, R5, PtO-t, Pl
158.8'  0-5°, B, R4, t, Pl
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165.5 to 207.5'  OHIO SHALE, black,
very fine grained, unweathered,
moderately hard, thinly bedded, flat

Run-18 165.5' - 175.5'  18 minute
run
Down Pressure = 600 Psi

170.3' - 170.7'  UCS = 4,088 Psi

Run-19 175.5' - 185.5'  13 minute
run
Down Pressure = 600 Psi

Run-20 185.5' - 195.5'  14 minute
run
Down Pressure = 500 Psi
Methane encountered, vented for
760 minutes

Run-21 195.5' - 205.5'  20 minute
run
Down Pressure = 660 Psi

2.
0

1.
1

0.
9

1.
3

1.
2

159.1'  0-5°, B, R5, PtO-t, Pl
159.7'  0-5°, B, R4, O, Pl
160.0'  0-5°, B, R5, PtO-t, Pl
160.5'  0-5°, B, R4-R5, O, Pl
160.7'  0-5°, B, R5, t, Pl
160.9'  0-5°, B, R4-R5, O, Pl
161.2'  0-5°, B, R5, t, Pl
162.0'  0-5°, B, R5, t, Pl
163.4'  0-5°, B, R4-R5, O, Pl
163.8'  0-5°, B, R5, t, Pl
164.2'  0-5°, B, R4-R5, O, Pl

167.4'  0-5°, B, R5, t, Pl
167.9'  0-5°, B, R5, PtO-t, Pl

168.9'  0-5°, B, R4-R5, t, Pl
169.4'  0-5°, B, R5, PtO-t, Pl
169.6'  0-5°, B, R4, t, Pl
170.2'  0-5°, B, R5, PtO-t, Pl

173.0'  0-5°, B, R5, PtO-t, Pl
173.1'  0-5°, B, R4, t, Pl
173.8'  0-5°, B, R5, PtO-t, Pl
174.1'  0-5°, B, R4, O, Pl
175.0'  0-5°, B, R5, PtO-t, Pl

177.4'  0-5°, B, R4-R5, O, Pl

179.3'  0-5°, B, R5, t, Pl
179.6'  0-5°, B, R4-R5, O, Pl

181.3'  0-5°, B, R4-R5, O, Pl
181.7'  0-5°, B, R5, t, Pl
182.2'  0-5°, B, R4, O, Pl

183.6'  0-5°, B, R5, PtO-t, Pl
183.8'  0-5°, B, R4-R5, O, Pl

185.0'  0-5°, B, R5, PtO-t, Pl

185.8'  0-5°, B, R4, t, Pl
186.0'  0-5°, B, R5, PtO-t, Pl
186.3'  0-5°, B, R4, O, Pl
187.3'  0-5°, B, R5, PtO-t, Pl

188.1'  0-5°, B, R4-R5, O, Pl

189.1'  0-5°, B, R5, t, Pl

189.9'  0-5°, B, R4, t, Pl
190.5'  0-5°, B, R5, PtO-t, Pl

191.6'  0-5°, B, R5, PtO-t, Pl

192.9'  0-5°, B, R4-R5, PtO-t, Pl
193.3'  0-5°, B, R4-R5, O, Pl
193.6'  0-5°, B, R5, t, Pl
193.9'  0-5°, B, R4, t, Pl

196.4'  0-5°, B, R5, PtO-t, Pl
196.9'  0-5°, B, R5, PtO-t, Pl
197.1'  0-5°, B, R4, O, Pl
197.9'  0-5°, B, R5, t, Pl

199.0'  0-5°, B, R5, PtO-t, Pl
199.4'  0-5°, B, R4-R5, O, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 793.7 feet MSL

Total Depth: 207.5 feet
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End of Boring at 207.5 feet

Run-22 205.5' - 207.5'  10 minute
run
Down Pressure = 600 Psi

1.
2

1.
5

200.0'  0-5°, B, R5, t, Pl
200.5'  0-5°, B, R4-R5, O, Pl
201.0'  0-5°, B, R4-R5, O, Pl

202.0'  0-5°, B, R5, t, Pl
202.7'  0-5°, B, R4, O, Pl
203.1'  0-5°, B, R5, PtO-t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1001.2 feet MSL

Bottom Elevation: 793.7 feet MSL

Total Depth: 207.5 feet
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206.8'  0-5°, B, R5, t, Pl
207.1'  0-5°, B, R4, t, Pl
207.4'  0-5°, B, R5, PtO-t, Pl



6.5 to 10.5'  BEREA SANDSTONE,
brown, fine to medium grained,
moderately to highly weathered, soft to
moderately hard, thinly bedded, highly
fractured, flat,

10.5 to 49.0'  BEREA SANDSTONE,
grey, fine grained, slightly to moderately
weathered, moderately hard, thinly
bedded, moderately fractured, flat,
unweathered joints

Run-1 6.5' - 9.7'  10 minute run
Down Pressure = 250 Psi

Run-2 9.7' - 14.7'  6 minute run
Down Pressure = 250 Psi

Run-3 14.7' - 24.7'  25 minute run
Down Pressure = 375 Psi

Run-4 24.7' - 34.7'  22 minute run
Down Pressure = 375 Psi

Run-5 34.7' - 44.7' 20 minute run
Down Pressure = 375 Psi

4.
7

4.
0

2.
2

1.
7

1.
5

6.5'  to 9.7' 0-5°, 15 Bs, R3-R4, O, Pl

9.7'  to 10.7' 0-5°, 10 Bs, R4-R5, O, Pl

11.1'  0-5°, B, R4, t, Pl
11.3'  0-5°, B, R5, PtO-t, Pl
11.5'  to 11.7'  fractured rock
11.9'  0-5°, B, R4-R5, O, Pl
12.1'  0-5°, B, R5, t, Pl
12.2'  0-5°, B, R5, PtO-t, Pl
12.3'  0-5°, B, R4-R5, t, Pl
12.5'  0-5°, B, R5, PtO-t, Pl
14.9'  0-5°, B, R5, t, Pl
15.1'  0-5°, B, R4-R5, O, Pl
15.6'  0-5°, B, R5, t, Pl
15.9'  0-5°, B, R4-R5, O, Pl
16.3'  0-5°, B, R4, O, Pl
17.0'  0-5°, B, R4-R5, O, Pl
17.4'  0-5°, B, R4, O, Pl
17.5'  0-5°, B, R5, PtO-t, Pl
17.6'  0-5°, B, R4-R5, O, Pl
17.8'  0-5°, B, R5, t, Pl
18.3'  0-5°, B, R5, PtO-t, Pl
18.6'  0-5°, B, R5, t, Pl
19.8'  0-5°, B, R4, t, Pl
20.3'  0-5°, B, R5, PtO-t, Pl
20.5'  0-5°, B, R4-R5, O, Pl
21.2'  0-5°, B, R5, t, Pl
21.7'  0-5°, B, R5, PtO-t, Pl
22.0'  0-5°, B, R5, t, Pl
22.3'  0-5°, B, R4, t, Pl
22.8'  0-5°, B, R5, PtO-t, Pl
23.2'  0-5°, B, R4-R5, O, Pl
23.7'  0-5°, B, R4-R5, O, Pl

25.1'  0-5°, B, R4, O, Pl

26.4'  0-5°, B, R4-R5, O, Pl
26.5'  0-5°, B, R4, O, Pl

27.9'  0-5°, B, R5, PtO-t, Pl

29.1'  0-5°, B, R4-R5, O, Pl
29.8'  0-5°, B, R5, t, Pl
30.3'  0-5°, B, R5, PtO-t, Pl
30.4'  0-5°, B, R5, t, Pl
30.8'  0-5°, B, R4, t, Pl
31.1'  0-5°, B, R5, PtO-t, Pl
31.3'  0-5°, B, R5, t, Pl
32.5'  0-5°, B, R5, PtO-t, Pl
32.6'  0-5°, B, R4-R5, t, Pl

34.2'  0-5°, B, R5, PtO-t, Pl
34.3'  0-5°, B, R5, t, Pl
34.4'  0-5°, B, R4-R5, O, Pl
34.5'  0-5°, B, R5, t, Pl
34.7'  to 34.9'  fractured rock
35.1'  0-5°, B, R4, O, Pl
36.3'  0-5°, B, R4-R5, O, Pl
37.3'  0-5°, B, R4, O, Pl
37.5'  0-5°, B, R5, PtO-t, Pl
37.6'  0-5°, B, R5, t, Pl
38.1'  to 38.6'  fractured rock

39.5'  0-5°, B, R5, PtO-t, Pl
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Big Walnut Sewer Tunnel Extension - Phase 2
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1004.7 feet MSL

Bottom Elevation: 794.0 feet MSL

Total Depth: 210.7 feet
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49.0 to 84.7'  Interbedded BEREA
SANDSTONE (70%) and BEDFORD
SHALE (30%)
BEREA SANDSTONE, grey, fine
grained, unweathered, moderately hard to
hard, thinly bedded, highly fractured
BEDFORD SHALE, grey, very fine
grained, unweathered, soft, thinly bedded

Run-6 44.7' - 49.7'  15 minute run
Down Pressure = 250 Psi
No water return

Run-7 49.7' - 54.7'  5 minute run
Down Pressure = 400 Psi

Run-8 54.7' - 64.7'  30 minute run

Run-9 64.7' - 74.7'  25 minute run
Down Pressure = 300 to 400 Psi
Voids during drilling @ 67.9' to
68.1'

Run-10 74.7' - 84.7'  25 minute run
Down Pressure = 400 to 500 Psi

1.
5

1.
2

2.
4

2.
0

1.
9

1.
7

39.6'  0-5°, B, R4, t, Pl
39.7'  0-5°, B, R5, PtO-t, Pl
40.2'  0-5°, B, R4, O, Pl
40.9'  0-5°, B, R5, PtO-t, Pl
41.9'  0-5°, B, R4-R5, O, Pl
42.1'  0-5°, B, R5, t, Pl
42.4'  0-5°, B, R4-R5, O, Pl
42.9'  to 43.1'  fractured rock
43.9'  0-5°, B, R4, O, Pl
44.1'  to 44.4'  fractured rock
44.9'  to 45.4'  fractured rock

45.7'  0-5°, B, R4, O, Pl
45.9'  0-5°, B, R5, O, Pl

47.2'  to 47.3'  fractured rock

48.1'  0-5°, B, R5, t, Pl

49.1'  to 49.2'  fractured rock
49.3'  0-5°, B, R5, t, Pl
49.6'  0-5°, B, R4-R5, O, Pl
50.0'  0-5°, B, R5, t, Pl
50.6'  0-5°, B, R4-R5, O, Pl
50.7'  to 51.1'  fractured rock
51.2'  0-5°, B, R5, t, Pl
51.3'  0-5°, B, R4-R5, O, Pl
51.6'  0-5°, B, R5, t, Pl
51.8'  0-5°, B, R4-R5, O, Pl
52.0'  to 52.2'  fractured rock
52.2'  0-5°, B, R5, t, Pl
52.3'  0-5°, B, R4-R5, O, Pl
52.9'  to 53.1'  fractured rock
53.6'  0-5°, B, R5, PtO-t, Pl
53.9'  0-5°, B, R4, t, Pl
54.1'  0-5°, B, R5, PtO-t, Pl
54.3'  0-5°, B, R4, O, Pl
54.5'  0-5°, B, R5, PtO-t, Pl
54.8'  to 55.0'  fractured rock
55.1'  0-5°, B, R4, t, Pl
55.3'  0-5°, B, R5, PtO-t, Pl
55.6'  0-5°, B, R4, O, Pl
55.8'  0-5°, B, R5, PtO-t, Pl
56.1'  0-5°, B, R4-R5, O, Pl
56.2'  0-5°, B, R5, t, Pl
56.3'  to 56.7'  fractured rock
56.8'  0-5°, B, R5, PtO-t, Pl
57.0'  0-5°, B, R5, t, Pl
57.1'  0-5°, B, R4, t, Pl
57.7'  0-5°, B, R5, PtO-t, Pl
57.8'  0-5°, B, R4-R5, O, Pl
58.1'  0-5°, B, R5, t, Pl
58.3'  0-5°, B, R5, t, Pl
58.9'  0-5°, B, R4, t, Pl
59.1'  0-5°, B, R5, PtO-t, Pl
59.6'  0-5°, B, R4-R5, O, Pl
59.8'  0-5°, B, R5, t, Pl
61.4'  0-5°, B, R5, PtO-t, Pl
64.1'  0-5°, B, R4, t, Pl
65.1'  0-5°, B, R5, PtO-t, Pl
65.7'  0-5°, B, R4, O, Pl
66.6'  0-5°, B, R4-R5, O, Pl
66.8'  0-5°, B, R4, O, Pl
66.9'  0-5°, B, R4-R5, O, Pl
67.8'  0-5°, B, R4, O, Pl
68.1'  0-5°, B, R5, PtO-t, Pl
68.2'  to 68.4'  fractured rock
69.0'  0-5°, B, R4-R5, O, Pl
69.4'  30°, Jt, R4-R5, O, Und
69.8'  80°, Jt, R3-R4, O, Und
70.5'  0-5°, B, R4, t, Pl
71.4'  0-5°, B, R5, PtO-t, Pl
71.9'  0-5°, B, R4-R5, O, Pl
72.4'  0-5°, B, R5, PtO-t, Pl
72.6'  0-5°, B, R4, O, Pl
73.3'  0-5°, B, R4-R5, O, Pl
74.3'  0-5°, B, R4, PtO-t, Pl
74.6'  to 74.7'  fractured rock
75.0'  0-5°, B, R4, O, Pl
75.3'  to 75.6'  fractured rock
75.7'  0-5°, B, R5, t, Pl
76.1'  0-5°, B, R5, PtO-t, Pl
76.2'  0-5°, B, R5, t, Pl
76.6'  0-5°, B, R5, PtO-t, Pl
77.1'  0-5°, B, R5, t, Pl
77.5'  0-5°, B, R4, t, Pl
77.7'  0-5°, B, R5, PtO-t, Pl
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Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1004.7 feet MSL

Bottom Elevation: 794.0 feet MSL

Total Depth: 210.7 feet
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84.7 to 119.1'  Interbedded BEDFORD
SHALE (80%)  and  BEREA
SANDSTONE (20%)
BEDFORD SHALE, grey, very fine
grained, unweathered, soft, thinly bedded
BEREA SANDSTONE, grey, fine
grained, unweathered, thinly bedded

119.1 to 137.7'  BEDFORD SHALE, red,

Run-11 84.7' - 94.7'  30 minute run
Down Pressure = 400 to 450 Psi

Run-12 94.7' - 104.7'  30 minute
run
Down Pressure = 600 Psi

Run-13 104.7' - 114.7'  30 minute
run
Down Pressure = 500 to 600 Psi

Run-14 114.7' - 124.7'  30 minute
run
Down Pressure = 500 Psi

1.
7

2.
1

1.
4

1.
7

1.
7

78.3'  0-5°, B, R4-R5, O, Pl
78.5'  0-5°, B, R5, t, Pl
79.6'  0-5°, B, R4-R5, O, Pl
79.7'  0-5°, B, R5, t, Pl
80.3'  0-5°, B, R5, PtO-t, Pl
80.6'  0-5°, B, R4-R5, t, Pl
81.4'  0-5°, B, R5, PtO-t, Pl
82.8'  0-5°, B, R5, PtO-t, Pl

84.3'  0-5°, B, R5, t, Pl
84.9'  0-5°, B, R4, t, Pl
85.4'  0-5°, B, R5, PtO-t, Pl
85.7'  0-5°, B, R4-R5, O, Pl
85.8'  0-5°, B, R5, PtO-t, Pl
86.3'  0-5°, B, R4, O, Pl
87.0'  0-5°, B, R5, PtO-t, Pl
87.7'  0-5°, B, R4-R5, O, Pl
87.8'  0-5°, B, R5, t, Pl
88.5'  0-5°, B, R5, PtO-t, Pl
89.2'  0-5°, B, R5, t, Pl
89.3'  0-5°, B, R5, PtO-t, Pl
89.5'  0-5°, B, R5, t, Pl
89.8'  0-5°, B, R4-R5, O, Pl
90.5'  0-5°, B, R5, t, Pl
90.9'  0-5°, B, R5, PtO-t, Pl
91.4'  0-5°, B, R5, t, Pl
91.5'  0-5°, B, R5, PtO-t, Pl
91.6'  0-5°, B, R5, t, Pl
92.2'  0-5°, B, R5, PtO-t, Pl
93.6'  0-5°, B, R5, t, Pl

94.8'  0-5°, B, R4, t, Pl
95.1'  0-5°, B, R5, PtO-t, Pl

97.6'  0-5°, B, R4-R5, O, Pl
98.2'  0-5°, B, R5, t, Pl
98.8'  0-5°, B, R4-R5, O, Pl
98.9'  0-5°, B, R5, t, Pl
99.7'  0-5°, B, R5, PtO-t, Pl
100.1'  0-5°, B, R4-R5, t, Pl

101.5'  0-5°, B, R5, PtO-t, Pl
102.0'  0-5°, B, R5, PtO-t, Pl
102.5'  0-5°, B, R5, t, Pl
102.6'  0-5°, B, R4, t, Pl

103.7'  0-5°, B, R5, PtO-t, Pl

104.6'  0-5°, B, R4-R5, O, Pl

105.4'  0-5°, B, R5, PtO-t, Pl

106.3'  0-5°, B, R4, O, Pl
106.8'  0-5°, B, R5, PtO-t, Pl

108.2'  0-5°, B, R4-R5, O, Pl
108.3'  0-5°, B, R5, t, Pl
108.8'  0-5°, B, R5, PtO-t, Pl
109.0'  0-5°, B, R4-R5, O, Pl
109.5'  0-5°, B, R5, t, Pl
110.3'  0-5°, B, R5, PtO-t, Pl
110.9'  0-5°, B, R5, t, Pl
111.6'  0-5°, B, R4, t, Pl
111.9'  0-5°, B, R5, PtO-t, Pl
112.0'  0-5°, B, R4-R5, O, Pl
112.3'  0-5°, B, R5, PtO-t, Pl
112.6'  0-5°, B, R4, O, Pl
112.9'  0-5°, B, R5, PtO-t, Pl
113.8'  0-5°, B, R4-R5, O, Pl

116.8'  0-5°, B, R5, t, Pl
117.1'  0-5°, B, R5, PtO-t, Pl

118.0'  0-5°, B, R5, t, Pl
118.6'  0-5°, B, R5, PtO-t, Pl
119.2'  0-5°, B, R5, t, Pl
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Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1004.7 feet MSL

Bottom Elevation: 794.0 feet MSL

Total Depth: 210.7 feet
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924

922

920

918

916

914

912

910

908

906

904

902

900

898

896

894

892

890

888

886

R
u

n
 N

u
m

b
er

BORING NO. B-31

F
ra

ct
u

re
s 

/ 
ft

LA
K

E
 L

O
G

S
  B

W
S

T
E

_P
H

A
S

E
2_

R
O

C
K

 L
O

G
S

 (
7_

25
_2

01
9

).
G

P
J 

 K
LE

IN
F

E
LD

E
R

 L
V

 C
O

R
E

 A
P

R
06

.G
D

T
  8

/2
/1

9

65

56

83

85

77

100

99

100

100

98



very fine grained, unweathered, soft,
thinly bedded, flat

137.7 to 150.7'  BEDFORD SHALE, red,
very fine grained, unweathered, soft,
thinly bedded, flat

150.7 to 166.1'  BEDFORD SHALE,
grey, very fine grained, unweathered,
soft, thinly bedded, flat

Run-15 124.7' - 134.7'  34 minute
run
Down Pressure = 500 Psi

Run-16 134.7' - 144.7'  20 minute
run
Down Pressure = 600 Psi

Run-17 144.7' - 154.7'  21 minute
run
Down Pressure = 600 Psi

Run-18 154.7' - 164.7'  25 minute
run
Down Pressure = 600 Psi

1.
7

2.
0

1.
6

1.
5

1.
5

119.4'  0-5°, B, R5, PtO-t, Pl
119.7'  0-5°, B, R5, t, Pl
121.0'  0-5°, B, R4, t, Pl
121.2'  0-5°, B, R5, PtO-t, Pl
121.6'  0-5°, B, R4-R5, O, Pl
121.7'  0-5°, B, R5, t, Pl
122.0'  0-5°, B, R4-R5, O, Pl
122.4'  0-5°, B, R5, t, Pl
123.9'  0-5°, B, R4-R5, t, Pl
124.0'  0-5°, B, R5, PtO-t, Pl
124.1'  0-5°, B, R5, PtO-t, Pl
124.3'  0-5°, B, R5, PtO-t, Pl
124.8'  0-5°, B, R5, t, Pl
125.8'  0-5°, B, R4, t, Pl
126.1'  0-5°, B, R5, PtO-t, Pl
126.4'  0-5°, B, R4-R5, O, Pl
126.5'  0-5°, B, R5, PtO-t, Pl
126.9'  0-5°, B, R4, O, Pl
127.0'  0-5°, B, R4-R5, O, Pl
127.7'  0-5°, B, R5, t, Pl
128.1'  0-5°, B, R5, PtO-t, Pl
128.8'  0-5°, B, R4-R5, t, Pl
129.1'  0-5°, B, R5, PtO-t, Pl
129.6'  0-5°, B, R5, PtO-t, Pl
130.2'  0-5°, B, R5, t, Pl
130.5'  0-5°, B, R4, t, Pl
131.0'  0-5°, B, R5, PtO-t, Pl
132.3'  0-5°, B, R4-R5, O, Pl
132.8'  0-5°, B, R5, PtO-t, Pl
133.0'  0-5°, B, R4, O, Pl

134.5'  0-5°, B, R5, PtO-t, Pl
134.6'  0-5°, B, R4-R5, O, Pl
135.3'  0-5°, B, R5, t, Pl
135.6'  0-5°, B, R5, PtO-t, Pl
136.2'  0-5°, B, R5, t, Pl
136.5'  0-5°, B, R5, PtO-t, Pl
136.8'  0-5°, B, R5, t, Pl
137.1'  0-5°, B, R4-R5, O, Pl
137.6'  0-5°, B, R5, t, Pl
137.8'  0-5°, B, R5, PtO-t, Pl
138.5'  0-5°, B, R5, t, Pl
139.2'  0-5°, B, R5, PtO-t, Pl
139.3'  0-5°, B, R5, t, Pl
139.6'  0-5°, B, R4-R5, O, Pl
140.4'  0-5°, B, R5, t, Pl

141.9'  0-5°, B, R5, PtO-t, Pl
142.6'  0-5°, B, R5, t, Pl

144.3'  0-5°, B, R5, PtO-t, Pl

145.5'  0-5°, B, R5, t, Pl
146.1'  0-5°, B, R4, t, Pl

147.9'  0-5°, B, R5, PtO-t, Pl
148.6'  0-5°, B, R4-R5, O, Pl
149.2'  0-5°, B, R5, PtO-t, Pl
149.6'  0-5°, B, R4, O, Pl
149.9'  0-5°, B, R5, PtO-t, Pl
150.2'  0-5°, B, R4-R5, O, Pl
150.6'  0-5°, B, R5, t, Pl
151.3'  0-5°, B, R5, t, Pl
151.8'  0-5°, B, R4, t, Pl
152.4'  0-5°, B, R5, PtO-t, Pl
152.9'  0-5°, B, R4, O, Pl

153.9'  0-5°, B, R5, PtO-t, Pl
154.1'  0-5°, B, R4-R5, O, Pl
155.0'  0-5°, B, R4-R5, PtO-t, Pl

155.8'  0-5°, B, R5, PtO-t, Pl

156.6'  0-5°, B, R4, O, Pl
157.1'  0-5°, B, R4, t, Pl
157.7'  0-5°, B, R5, PtO-t, Pl
158.4'  0-5°, B, R4, O, Pl
159.0'  0-5°, B, R5, PtO-t, Pl

14

15

16

17

18

Prepared By: A. Mirza

Orientation: Vertical

D
ep

th
, f

ee
t

Coordinates: N 774284.1   E 1871319.5

Location: Tunnel Alignment

R
ec

o
ve

ry
, %

Date Start: 1/15/18       End:  1/19/18

Big Walnut Sewer Tunnel Extension - Phase 2
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1004.7 feet MSL

Bottom Elevation: 794.0 feet MSL

Total Depth: 210.7 feet
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166.1 to 210.7'  OHIO SHALE, black,
very fine grained, unweathered,
moderately hard, thinly bedded, flat

Run-19 164.7' - 174.7'  20 minute
run
Down Pressure = 600 Psi

Run-20 174.7' - 184.7'  17 minute
run
Down Pressure = 600 Psi
174.8' - 175.2'  UCS = 4,416 Psi

Run-21 184.7' - 194.7'  25 minute
run
Down Pressure = 600 Psi

Run-22 194.7' - 204.7'  20 minute
run
Down Pressure = 600 Psi

1.
5

1.
4

1.
2

1.
4

0.
9

160.0'  0-5°, B, R4-R5, O, Pl
160.6'  0-5°, B, R5, PtO-t, Pl
161.0'  0-5°, B, R4, t, Pl
161.1'  0-5°, B, R5, PtO-t, Pl

162.5'  0-5°, B, R4, O, Pl
162.8'  0-5°, B, R5, PtO-t, Pl
163.2'  0-5°, B, R4-R5, O, Pl
163.8'  0-5°, B, R5, t, Pl

166.2'  0-5°, B, R4-R5, O, Pl

167.7'  0-5°, B, R5, t, Pl
168.0'  0-5°, B, R4-R5, O, Pl
168.2'  0-5°, B, R5, PtO-t, Pl
168.8'  0-5°, B, R4-R5, O, Pl
169.2'  0-5°, B, R5, PtO-t, Pl
169.6'  0-5°, B, R4, t, Pl
169.7'  0-5°, B, R5, PtO-t, Pl
170.1'  0-5°, B, R4, O, Pl
171.1'  0-5°, B, R5, PtO-t, Pl

172.5'  70°, Jt, R3-R4, O, Pl
172.8'  0-5°, B, R5, t, Pl
173.0'  0-5°, B, R4, O, Pl

174.3'  0-5°, B, R5, PtO-t, Pl

175.8'  0-5°, B, R4-R5, O, Pl

176.9'  0-5°, B, R5, t, Pl

178.3'  0-5°, B, R4, t, Pl
179.0'  0-5°, B, R5, PtO-t, Pl
179.6'  0-5°, B, R4, O, Pl

180.4'  0-5°, B, R5, PtO-t, Pl

181.5'  0-5°, B, R4-R5, O, Pl

182.8'  0-5°, B, R5, t, Pl

183.9'  0-5°, B, R5, PtO-t, Pl
184.1'  0-5°, B, R5, t, Pl
184.3'  0-5°, B, R4, O, Pl
184.4'  0-5°, B, R4-R5, PtO-t, Pl
185.7'  0-5°, B, R5, PtO-t, Pl
186.2'  0-5°, B, R4, O, Pl
186.8'  0-5°, B, R4, t, Pl
187.3'  0-5°, B, R5, PtO-t, Pl

188.2'  0-5°, B, R4, O, Pl
188.5'  0-5°, B, R5, PtO-t, Pl
188.6'  0-5°, B, R4-R5, O, Pl
188.8'  0-5°, B, R5, PtO-t, Pl
189.5'  0-5°, B, R4, t, Pl

191.1'  0-5°, B, R5, PtO-t, Pl

192.0'  0-5°, B, R4, O, Pl

192.9'  0-5°, B, R5, PtO-t, Pl

193.9'  0-5°, B, R4-R5, O, Pl
194.3'  0-5°, B, R5, t, Pl

195.6'  0-5°, B, R4-R5, O, Pl

196.4'  0-5°, B, R5, t, Pl

197.5'  0-5°, B, R4-R5, O, Pl

198.3'  0-5°, B, R5, t, Pl
198.9'  0-5°, B, R5, PtO-t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1004.7 feet MSL

Bottom Elevation: 794.0 feet MSL

Total Depth: 210.7 feet
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End of Boring at 210.7 feet

Run-23 204.7' - 210.7'  15 minute
run

0.
9

0.
8

199.7'  0-5°, B, R5, t, Pl
200.6'  0-5°, B, R4, O, Pl
201.0'  0-5°, B, R5, PtO-t, Pl

205.3'  0-5°, B, R4, O, Pl

206.1'  0-5°, B, R4, t, Pl
206.8'  0-5°, B, R5, PtO-t, Pl

207.7'  0-5°, B, R4, O, Pl
208.0'  0-5°, B, R4-R5, PtO-t, Pl

209.7'  0-5°, B, R5, PtO-t, Pl
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Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 6 of 6

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1004.7 feet MSL

Bottom Elevation: 794.0 feet MSL

Total Depth: 210.7 feet
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12.0 to 53.5'   BEREA SANDSTONE,
grey, moderately hard to hard, moderately
to slightly weathered, fine grained, thin
bedded to laminated, highly fractured, flat
joints

Top of Rock @ 12.0'
Run-1 12.0' - 15.5' 10 minute run
Down Pressure = 250 Psi

Run-2 15.5' - 20.5'  10 minute run
Down Pressure = 100 Psi

Run-3 20.5' - 30.5'  25 minute run
Down Pressure = 200 Psi

Run-4 30.5' - 40.5'  18 minute run
Down Pressure = 250 Psi for the
first 6.0' and 300 Psi for last 4.0'

7.
1

6.
2

1.
4

1.
5

12.0'  to 15.5'  0-5°, 15 Bs, R3-R4, O, Pl, Cl

15.5'  to 20.5'  0-5°, 12 Bs, R4-R5, O, Pl

20.8'  21.3 80° Jt, R3-R4, O, Und

21.6'  to 22.5'  80° Jt, R4-R5, O, Pl

22.9'  0-5°, B, R4-R5, O, Pl
23.0'  0-5°, B, R5, t, Pl
23.3'  0-5°, B, R5, PtO-t, Pl
23.7'  0-5°, B, R4-R5, O, Pl
24.9'  0-5°, B, R4, O, Pl
25.3'  0-5°, B, R5, PtO-t, Pl
25.4'  0-5°, B, R5, t, Pl
25.8'  0-5°, B, R4-R5, O, Pl
26.2'  0-5°, B, R4-R5, O, Pl
26.7'  0-5°, B, R5, t, Pl

29.4'  0-5°, B, R5, PtO-t, Pl
29.8'  0-5°, B, R4-R5, O, Pl
30.0'  0-5°, B, R4, O, Pl
31.0'  0-5°, B, R5, t, Pl

32.0'  0-5°, B, R5, PtO-t, Pl

33.5'  0-5°, B, R4-R5, O, Pl
34.0'  0-5°, B, R4, O, Pl

35.9'  0-5°, B, R5, PtO-t, Pl
36.2'  0-5°, B, R5, t, Pl
36.8'  0-5°, B, R4-R5, O, Pl
36.9'  0-5°, B, R4-R5, O, Pl
37.7'  0-5°, B, R5, t, Pl
37.9'  0-5°, B, R5, PtO-t, Pl
38.7'  0-5°, B, R4-R5, O, Pl

39.5'  0-5°, B, R5, t, Pl

1
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Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 6

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: AECOM

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1009.7 feet MSL

Bottom Elevation: 796.2 feet MSL

Total Depth: 213.5 feet
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53.5 to 90.5'  BEREA SANDSTONE 
interbedded with BEDFORD SHALE
(60% / 40%)
BEREA SANDSTONE, grey, fine
grained, slightly weathered, hard, thinly
bedded, highly fractured
BEDFORD SHALE, grey, very fine
grained, slightly weathered, soft, thinly
bedded, highly fractured

Run-5 40.5' - 50.5'  26 minute run
Down Pressure = 250 Psi

Run-6 50.5' - 60.5'  60 minute run
Down Pressure = 100 to 150 Psi

Run-7 60.5' - 70.5'  25 minute run
Down Pressure = 250 Psi

Run-8 70.5' - 80.5'  25 minute run
Down Pressure = 100 to 250 Psi

1.
8

2
2.

2
2

39.7'  0-5°, B, R4-R5, O, Pl
39.9'  0-5°, B, R4-R5, O, Pl
40.3'  0-5°, B, R5, t, Pl
40.7'  0-5°, B, R5, PtO-t, Pl
40.8'  0-5°, B, R4-R5, O, Pl
41.3'  0-5°, B, R4, O, Pl
41.5'  0-5°, B, R5, t, Pl
41.9'  0-5°, B, R5, PtO-t, Pl
42.1'  0-5°, B, R4-R5, O, Pl
42.3'  0-5°, B, R4, O, Pl
42.5'  0-5°, B, R5, PtO-t, Pl
42.7'  0-5°, B, R5, t, Pl
42.9'  0-5°, B, R5, t, Pl
43.1'  0-5°, B, R4-R5, O, Pl
43.5'  0-5°, B, R4-R5, O, Pl
44.3'  0-5°, B, R5, t, Pl
45.0'  0-5°, B, R5, PtO-t, Pl
45.5'  0-5°, B, R4-R5, O, Pl
46.0'  0-5°, B, R4, O, Pl
46.6'  0-5°, B, R5, t, Pl
46.8'  0-5°, B, R5, PtO-t, Pl
47.3'  0-5°, B, R4-R5, O, Pl
47.8'  0-5°, B, R4, O, Pl
48.2'  0-5°, B, R4-R5, O, Pl
48.7'  0-5°, B, R4, O, Pl
49.0'  0-5°, B, R5, t, Pl
50.3'  0-5°, B, R5, PtO-t, Pl
50.5'  to 50.8'  fractured rock
51.5'  0-5°, B, R5, PtO-t, Pl
51.8'  0-5°, B, R5, t, Pl
52.0'  0-5°, B, R5, t, Pl
52.1'  0-5°, B, R4-R5, O, Pl
52.2'  0-5°, B, R4-R5, O, Pl
53.0'  0-5°, B, R5, t, Pl
54.2'  0-5°, B, R5, PtO-t, Pl
54.3'  0-5°, B, R4-R5, O, Pl
54.5'  to 54.7'  fractured rock
54.9'  0-5°, B, R4-R5, O, Pl
55.0'  0-5°, B, R4-R5, O, Pl
55.2'  0-5°, B, R5, t, Pl
55.4'  0-5°, B, R5, PtO-t, Pl
56.1'  0-5°, B, R5, t, Pl
56.3'  0-5°, B, R5, t, Pl
56.9'  0-5°, B, R4-R5, O, Pl
57.3'  0-5°, B, R5, t, Pl
57.5'  0-5°, B, R5, PtO-t, Pl
58.0'  to 58.3'  fractured rock
58.6'  0-5°, B, R4, O, Pl
59.0'  0-5°, B, R5, PtO-t, Pl
60.1'  0-5°, B, R5, t, Pl
60.2'  0-5°, B, R4-R5, O, Pl
60.3'  0-5°, B, R4-R5, O, Pl
60.6'  0-5°, B, R5, t, Pl
61.1'  0-5°, B, R5, PtO-t, Pl
61.4'  0-5°, B, R4, O, Pl
61.6'  0-5°, B, R5, PtO-t, Pl
62.4'  0-5°, B, R5, t, Pl
62.7'  0-5°, B, R4-R5, O, Pl
62.9'  0-5°, B, R4-R5, O, Pl
63.2'  63.4'  fractured rock
63.7'  0-5°, B, R4, O, Pl
64.0'  0-5°, B, R5, t, Pl
64.3'  0-5°, B, R5, PtO-t, Pl
64.4'  0-5°, B, R4-R5, O, Pl
64.7'  0-5°, B, R4, O, Pl
64.8'  0-5°, B, R5, PtO-t, Pl
65.3'  0-5°, B, R5, t, Pl
65.7'  0-5°, B, R4-R5, O, Pl
66.2'  0-5°, B, R4-R5, O, Pl
66.3'  0-5°, B, R5, t, Pl
66.7'  0-5°, B, R5, PtO-t, Pl
66.9'  0-5°, B, R4-R5, O, Pl
67.1'  0-5°, B, R5, t, Pl
67.4'  0-5°, B, R4-R5, O, Pl
67.8'  0-5°, B, R4-R5, O, Pl
68.0'  0-5°, B, R5, t, Pl
68.9'  0-5°, B, R5, PtO-t, Pl
69.5'  0-5°, B, R4-R5, O, Pl
70.1'  0-5°, B, R4, O, Pl
70.3'  0-5°, B, R5, t, Pl
70.6'  0-5°, B, R5, PtO-t, Pl
70.8'  71' fractured rock
71.4'  0-5°, B, R4-R5, O, Pl
71.8'  0-5°, B, R5, t, Pl
72.0'  0-5°, B, R5, PtO-t, Pl
72.3'  0-5°, B, R4-R5, O, Pl
72.6'  90°, Jt, R3-R4, O, Und
72.8'  0-5°, B, R4-R5, O, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: AECOM

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1009.7 feet MSL

Bottom Elevation: 796.2 feet MSL

Total Depth: 213.5 feet
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90.5 to 120.5'  BEDFORD SHALE grey,
very fine grained, slightly weathered, soft
to moderately hard, thinly bedded, highly
fractured

Run-9 80.5' - 90.5'  30 minute run
Down Pressure = 400 Psi

Run-10 90.5' - 100.5'  33 minute
run
Down Pressure = 250 Psi

Run-11 100.5' - 110.5'  25 minute
run
Down Pressure = 400 Psi

Run-12 110.5' - 120.5'

2
2.

1
1.

9
1.

4
1.

4

73.3'  0-5°, B, R4-R5, O, Pl
73.4'  0-5°, B, R5, t, Pl
74.0'  0-5°, B, R5, PtO-t, Pl
74.3'  0-5°, B, R4-R5, O, Pl
74.6'  0-5°, B, R5, t, Pl
74.9'  0-5°, B, R4-R5, O, Pl
75.2'  0-5°, B, R4-R5, O, Pl
76.4'  0-5°, B, R5, t, Pl
77.2'  0-5°, B, R4-R5, O, Pl
77.7'  0-5°, B, R5, t, Pl
78.3'  0-5°, B, R4-R5, O, Pl
79.0'  45°, Jt, R4-R5, O, Und
79.6'  0-5°, B, R4-R5, O, Pl
80.7'  0-5°, B, R4-R5, O, Pl
80.9'  0-5°, B, R5, t, Pl
81.2'  0-5°, B, R5, PtO-t, Pl
81.7'  0-5°, B, R4-R5, O, Pl
82.3'  0-5°, B, R4, O, Pl
83.1'  0-5°, B, R5, PtO-t, Pl
83.7'  0-5°, B, R5, t, Pl
84.1'  0-5°, B, R4-R5, O, Pl
84.2'  0-5°, B, R4-R5, O, Pl
85.2'  0-5°, B, R5, t, Pl
85.5'  0-5°, B, R5, PtO-t, Pl
86.1'  0-5°, B, R4-R5, O, Pl
86.4'  0-5°, B, R5, t, Pl
86.9'  0-5°, B, R4-R5, O, Pl
87.2'  0-5°, B, R4-R5, O, Pl
87.6'  0-5°, B, R5, t, Pl
88.0'  0-5°, B, R5, PtO-t, Pl
89.4'  0-5°, B, R4-R5, O, Pl
89.6'  0-5°, B, R4, O, Pl
90.3'  0-5°, B, R5, t, Pl
90.4'  0-5°, B, R5, PtO-t, Pl
90.6'  0-5°, B, R4-R5, O, Pl
91.0'  0-5°, B, R4, O, Pl
91.8'  0-5°, B, R5, PtO-t, Pl
92.3'  0-5°, B, R5, t, Pl
93.1'  0-5°, B, R4-R5, O, Pl
93.3'  0-5°, B, R4-R5, O, Pl
94.0'  0-5°, B, R5, t, Pl
94.4'  0-5°, B, R5, PtO-t, Pl
94.8'  0-5°, B, R4-R5, O, Pl
95.4'  0-5°, B, R4, O, Pl
96.3'  0-5°, B, R5, t, Pl
97.4'  0-5°, B, R5, PtO-t, Pl
98.0'  0-5°, B, R4-R5, O, Pl
98.3'  0-5°, B, R4, O, Pl
98.6'  0-5°, B, R5, PtO-t, Pl
99.2'  0-5°, B, R5, t, Pl
99.4'  0-5°, B, R4-R5, O, Pl
99.7'  0-5°, B, R4-R5, O, Pl
100.7'  0-5°, B, R5, t, Pl
101.4'  0-5°, B, R5, PtO-t, Pl
101.8'  0-5°, B, R4-R5, O, Pl
102.6'  0-5°, B, R5, t, Pl
103.5'  0-5°, B, R4-R5, O, Pl
103.8'  0-5°, B, R4-R5, O, Pl
104.4'  0-5°, B, R5, t, Pl
104.9'  0-5°, B, R5, PtO-t, Pl
105.4'  0-5°, B, R4-R5, O, Pl
106.0'  0-5°, B, R4, O, Pl
107.4'  0-5°, B, R5, t, Pl
107.9'  0-5°, B, R5, PtO-t, Pl
108.6'  0-5°, B, R4-R5, O, Pl

110.3'  0-5°, B, R4, O, Pl

112.0'  0-5°, B, R5, PtO-t, Pl
112.1'  0-5°, B, R4-R5, O, Pl
112.8'  0-5°, B, R4, O, Pl

114.4'  0-5°, B, R5, PtO-t, Pl

115.4'  0-5°, B, R5, t, Pl
115.5'  0-5°, B, R4-R5, O, Pl
116.0'  0-5°, B, R4-R5, O, Pl
116.3'  0-5°, B, R5, t, Pl
117.3'  0-5°, B, R5, PtO-t, Pl
117.5'  0-5°, B, R4-R5, O, Pl
118.4'  0-5°, B, R4, O, Pl
118.6'  0-5°, B, R5, t, Pl
119.0'  0-5°, B, R5, PtO-t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: AECOM

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1009.7 feet MSL

Bottom Elevation: 796.2 feet MSL

Total Depth: 213.5 feet
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120.5 to 126.0'  BEDFORD SHALE blue
and red banded, soft, slightly weathered,
very fine grained, thin bedded, flat

126.0 to 142.9'  BEDFORD SHALE,
grey with red bands, very fine grained,
moderately weathered, soft, thinly bedded

142.9 to 156.1'  BEDFORD SHALE 
grey with red bands, very fine grained,
slightly weathered, soft, thinly bedded

156.1 to 170.5'  OHIO SHALE black,
very fine grained, unweathered,
moderately hard, thinly bedded,
unfractured, flat

Run-13 120.5' - 130.5'  30 minute
run
Down Pressure = 400 Psi

Run-14 130.5' - 140.5'  25 minute
run
Down Pressure = 400 Psi

Run-15 140.5' - 150.5'  30 minute
run
Down Pressure = 400 Psi

Run-16 150.5' - 160.5'  33 minute
run
Down Pressure = 400 Psi

0.
9

1.
6

1.
2

1.
2

120.2'  0-5°, B, R4-R5, O, Pl

121.8'  0-5°, B, R4, O, Pl

124.7'  0-5°, B, R5, PtO-t, Pl
124.8'  0-5°, B, R5, t, Pl
125.3'  0-5°, B, R4-R5, O, Pl
125.5'  0-5°, B, R4-R5, O, Pl
125.7'  0-5°, B, R5, t, Pl
127.2'  127.4'  fractured rock

128.8'  0-5°, B, R4, O, Pl

130.1'  0-5°, B, R5, t, Pl

131.7'  0-5°, B, R5, PtO-t, Pl
132.0'  0-5°, B, R4-R5, O, Pl
132.3'  0-5°, B, R4, O, Pl
132.4'  0-5°, B, R5, PtO-t, Pl
133.0'  0-5°, B, R5, t, Pl
133.8'  0-5°, B, R4-R5, O, Pl

135.1'  0-5°, B, R4-R5, O, Pl

136.4'  0-5°, B, R5, t, Pl
137.0'  0-5°, B, R5, PtO-t, Pl

137.8'  0-5°, B, R4-R5, O, Pl
138.0'  0-5°, B, R5, t, Pl

139.1'  0-5°, B, R4-R5, O, Pl
139.4'  0-5°, B, R4-R5, O, Pl
139.7'  0-5°, B, R5, t, Pl
139.8'  0-5°, B, R5, PtO-t, Pl
139.9'  0-5°, B, R4-R5, O, Pl

141.7'  0-5°, B, R4, O, Pl
142.0'  0-5°, B, R5, t, Pl
142.2'  0-5°, B, R5, PtO-t, Pl
142.4'  0-5°, B, R4-R5, O, Pl
143.0'  0-5°, B, R4, O, Pl
143.5'  0-5°, B, R5, PtO-t, Pl
144.0'  0-5°, B, R4-R5, O, Pl

145.4'  0-5°, B, R4, O, Pl

147.4'  0-5°, B, R5, PtO-t, Pl
147.8'  0-5°, B, R5, t, Pl

148.8'  0-5°, B, R4-R5, O, Pl

149.9'  0-5°, B, R4-R5, O, Pl

150.9'  0-5°, B, R5, t, Pl

151.9'  0-5°, B, R5, PtO-t, Pl
152.3'  0-5°, B, R4-R5, O, Pl

154.2'  0-5°, B, R4, O, Pl
154.4'  0-5°, B, R5, PtO-t, Pl
154.6'  0-5°, B, R4-R5, O, Pl
155.0'  0-5°, B, R4, O, Pl
155.6'  0-5°, B, R5, PtO-t, Pl

157.3'  0-5°, B, R5, t, Pl

158.6'  0-5°, B, R4-R5, O, Pl
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Project No. 173409058

Core Size: NQ

Driller: AECOM

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1009.7 feet MSL

Bottom Elevation: 796.2 feet MSL

Total Depth: 213.5 feet
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170.5 to 213.5'  OHIO SHALE black,
very fine grained, unweathered,
moderately hard, thinly bedded,
unfractured, flat

Run-17 160.5' - 170.5'  22 minute
run
Down Pressure = 450 - 500 Psi

Run-18 170.5' - 180.5'  20 minute
run
Down Pressure = 450 - 500 Psi

178.8' - 179.2'  UCS = 5,232 Psi

Run-19 180.5' - 190.5'  20 minute
run
Down Pressure = 450 - 500 Psi

Run-20 190.5' - 200.5'  16 minute
run
Down Pressure = 450 - 500 Psi

1.
2

1
0.

9
0.

1

159.8'  0-5°, B, R4-R5, O, Pl
160.3'  0-5°, B, R5, t, Pl
160.6'  0-5°, B, R5, PtO-t, Pl
161.1'  0-5°, B, R4-R5, O, Pl

162.3'  0-5°, B, R4-R5, O, Pl
162.4'  0-5°, B, R5, t, Pl
163.0'  0-5°, B, R5, PtO-t, Pl

164.0'  0-5°, B, R4-R5, O, Pl
164.6'  0-5°, B, R4, O, Pl
165.0'  0-5°, B, R5, t, Pl
165.5'  0-5°, B, R5, PtO-t, Pl
166.0'  0-5°, B, R4-R5, O, Pl

167.0'  0-5°, B, R4, O, Pl
167.6'  0-5°, B, R5, PtO-t, Pl

172.4'  0-5°, B, R4-R5, O, Pl
172.6'  0-5°, B, R4, O, Pl
172.9'  0-5°, B, R5, PtO-t, Pl
173.7'  0-5°, B, R5, t, Pl

174.6'  0-5°, B, R4-R5, O, Pl
174.7'  0-5°, B, R5, t, Pl
175.0'  0-5°, B, R5, PtO-t, Pl

176.4'  0-5°, B, R4-R5, O, Pl
177.1'  0-5°, B, R4, O, Pl

180.0'  0-5°, B, R5, PtO-t, Pl

182.4'  0-5°, B, R4-R5, O, Pl
183.0'  0-5°, B, R4, O, Pl
183.4'  0-5°, B, R5, PtO-t, Pl

184.7'  0-5°, B, R4-R5, O, Pl

185.6'  0-5°, B, R4, O, Pl

187.8'  0-5°, B, R5, PtO-t, Pl
188.0'  0-5°, B, R5, t, Pl
188.4'  0-5°, B, R4-R5, O, Pl
189.4'  0-5°, B, R5, t, Pl

190.4'  190.5 fractured rock

193.6'  0-5°, B, R5, PtO-t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: AECOM

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1009.7 feet MSL

Bottom Elevation: 796.2 feet MSL

Total Depth: 213.5 feet
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End of Boring at 213.5 feet

Run-21 200.5' - 210.5'  15 minute
run
Down Pressure = 450 - 500 Psi

Run-22 210.5' - 213.5'  10 minute
run
Down Pressure = 450 - 500 Psi

1.
1

0.
3

200.8'  0-5°, B, R5, t, Pl
201.4'  0-5°, B, R4-R5, O, Pl
201.9'  0-5°, B, R5, t, Pl

203.0'  0-5°, B, R5, PtO-t, Pl

204.6'  0-5°, B, R4-R5, O, Pl
205.2'  0-5°, B, R4, O, Pl

206.2'  0-5°, B, R5, PtO-t, Pl

207.4'  0-5°, B, R4-R5, O, Pl
208.0'  0-5°, B, R4, O, Pl

209.4'  0-5°, B, R5, PtO-t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: AECOM

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  1009.7 feet MSL

Bottom Elevation: 796.2 feet MSL

Total Depth: 213.5 feet
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133.6 to 155.0'  BEDFORD SHALE,
grey, very fine grained, highly weathered,
very soft to soft, highly fractured, thinly
bedded, highly weathered joints

155.0 to 173.1'  OHIO SHALE, black,
very fine grained, moderately weathered,
moderately hard, thinly bedded,
moderately highly weathered joints

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @ 133.6'
Run-1 133.6' - 142.1'  37 minute
run
Down Pressure = 200 - 300 Psi

139.6' - 140.2'  Clay Covered
141.8' to 142.1' Clay Covered

Run-2 142.1' - 147.1'  16 minute
run
Down Pressure = 300 Psi
145.5' to 146.1' Clay Covered

Run-3 147.1' - 157.1'  18 minute
run
Down Pressure = 300 to 400 Psi

Run-4 157.1' - 167.1'  11 minute
run
Down Pressure = 350 Psi

Run-5 167.1' - 173.1'  6 minute run
Down Pressure = 400 - 450 Psi

4.
8

4.
0

3.
2

3.
3

3.
3

133.8'  0-5°, B, R3-R4, PtO-t, Pl, Cl
134.2'  to 134.9'  0-5°, 5 Jts, R3-R4, O, Pl,
Cl
135.2'  0-5°, B, R4, t, Pl, Cl
135.4'  0-5°, B, R4-R5, O, Pl, Cl
135.5'  0-5°, B, R4-R5, PtO-t, Pl, Cl
135.6'  0-5°, B, R4, O, Pl, Cl
135.7'  0-5°, B, R3-R4, PtO-t, Pl, Cl
135.9'  0-5°, B, R4-R5, PtO-t, Pl, Cl
136.0'  0-5°, B, R4, PtO-t, Pl, Cl
136.2'  to 136.9'  0-5°, 6 Bs, R4, t, Pl, Cl
137.0'  to 137.8'  0-5°, 4 Bs, R3-R4, PtO-t,
Pl, Cl
138.3'  0-5°, B, R4, O, Pl, Cl
138.5'  0-5°, B, R4-R5, PtO-t, Pl, Cl
138.8'  0-5°, B, R4-R5, PtO-t, Pl, Cl
139.1'  0-5°, B, R4, PtO-t, Pl, Cl
139.2'  0-5°, B, R4, t, Pl, Cl
139.8'  0-5°, B, R3-R4, O, Pl, Cl
140.1'  to 140.9'  0-5°, 5 Bs, R4-R5, PtO-t,
Pl, Cl
141.0'  to 142.3'  0-5°, 6 Bs, R4-R5, PtO-t,
Pl, Cl
142.5'  0-5°, B, R4, t, Pl, Cl
142.7'  to 142.9'  0-5°, 3 Bs, R3-R4, O, Pl,
Cl
143.2'  0-5°, B, R4, t, Pl, Cl
143.4'  0-5°, B, R4, O, Pl, Cl
143.6'  to 143.9'  fracture rock
144.2'  to 144.8'  0-5°, 4 Bs, R3-R4, O, Pl,
Cl
145.0'  to 145.5'  0-5°, 4 Bs, R4-R5, PtO-t,
Pl, Cl
146.0'  0-5°, B, R3-R4, O, Pl, Cl
146.1'  to 147.2'  0-5°, 5 Bs, R4-R5, PtO-t,
Pl, Cl
148.0'  to 148.6'  0-5°, 4 Bs, R4, t, Pl, Cl
149.3'  to 149.9'  fractured rock
149.7'  0-5°, B, R4-R5, PtO-t, Pl, Cl
150.0'  to 150.7'  0-5°, 5 Bs, R4-R5, PtO-t,
Pl, Cl
151.0'  to 151.5'  fractured rock
151.9'  0-5°, B, R4-R5, PtO-t, Pl, Cl
152.1'  0-5°, B, R4, t, Pl, Cl
152.2'  0-5°, B, R4-R5, PtO-t, Pl, Cl
152.6'  0-5°, B, R4, t, Pl, Cl
153.0'  0-5°, B, R4-R5, PtO-t, Pl, Cl
153.5'  0-5°, B, R4-R5, PtO-t, Pl, Cl
154.0'  0-5°, B, R4, t, Pl, Cl
154.2'  0-5°, B, R4-R5, PtO-t, Pl, Cl
154.5'  0-5°, B, R4-R5, PtO-t, Pl, Cl
155.1'  0-5°, B, R4, t, Pl, Cl
155.5'  0-5°, B, R4-R5, PtO-t, Pl, Cl
155.7'  0-5°, B, R4, t, Pl, Cl
156.2'  0-5°, B, R4-R5, PtO-t, Pl, Cl
157.3'  to 158.1'  0-5°, 4 Bs, R4, t, Pl, Cl
159.0'  0-5°, B, R4-R5, PtO-t, Pl
159.2'  0-5°, B, R4, t, Pl
159.5'  0-5°, B, R4-R5, PtO-t, Pl
159.9'  0-5°, B, R4-R5, PtO-t, Pl
160.2'  0-5°, B, R4, t, Pl
160.3'  0-5°, B, R4, PtO-t, Pl
160.5'  0-5°, B, R4-R5, PtO-t, Pl
161.0'  to 161.9'  0-5°, 4 Bs, R4, t, Pl
162.2'  0-5°, B, R4-R5, PtO-t, Pl
162.5'  to 162.7'  fractured rock
162.9'  0-5°, B, R4, PtO-t, Pl
163.1'  to 163.5'  0-5°, 4 Bs, R4-R5, PtO-t,
Pl
164.0'  0-5°, B, R4, t, Pl
164.3'  0-5°, B, R4-R5, PtO-t, Pl
164.7'  0-5°, B, R4, t, Pl
164.9'  0-5°, B, R4, PtO-t, Pl
165.3'  0-5°, B, R4-R5, PtO-t, Pl
165.8'  0-5°, B, R4, t, Pl
167.8'  0-5°, B, R4-R5, PtO-t, Pl
167.9'  0-5°, B, R4, t, Pl
168.2'  to 168.9'  0-5°, 5 Bs, R4-R5, PtO-t,
Pl
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End of Boring at 173.1 feet

3.
3

169.2'  to 169.8'  0-5°, 4 Bs, R4, t, Pl
170.2'  to 172.7'  0-5°, 7 Bs, R4, t, Pl

172.5'  to 173.1'  fractured rock
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43.5 to 51.8'  Interbedded BEREA
SANDSTONE and BEDFORD SHALE
BEREA SANDSTONE, brown, fine
grained, highly weathered, moderately
hard to hard, ferriferous, thinly bedded,
highly fractured, flat, highly weathered
joints
BEDFORD SHALE, grey, very fine
grained, highly weathered to
decomposed, soft to very soft, thinly
bedded, highly fractured, decomposed
joints

51.8 to 71.8'  BEDOFORD SHALE,
grey, very fine grained, highly weathered
to decomposed, soft to very soft, thinly
bedded, highly fractured, decomposed
joints.

71.8 to 81.8'  BEDFORD SHALE, grey,
very fine grained, moderately to highly
weathered, soft to moderately hard, thinly
bedded, highly to moderately fractured

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @43.5'
Run-1  43.5' - 51.8'  32 minute run
Down Pressure = 250 Psi

Run-2  51.8' - 56.8'  14 minute run
Down Pressure = 350 Psi

Run-3  56.8' - 61.8'  8 minute run
Down Pressure = 100-250 Psi

Run-4 61.8' - 66.8'  14 minute run
Down Pressure = 400 Psi

Run-5 66.8' - 71.8'  27 minute run
Down Pressure = 450 Psi

Run-6 71.8' - 76.8'  36 minute run
Down Pressure = 500 Psi
Drill Bit blocked - switched mid-run

Run-7 76.8' - 81.8'  20 minute run
Down Pressure = 400 Psi

1.
2

N
/A

N
/A

N
/A

N
/A

1.
6

N
/A

43.5'  to 44.2'  fractured rock

44.5'  0-5°, B, R4-R5, O, Pl, Cl
45.1'  0-5°, B, R5, O, Pl, Cl
45.5'  0-5°, B, R4, t, Pl, Cl
45.8'  0-5°, B, R5, O, Pl, Cl
46.2'  0-5°, B, R4, O, Pl, Cl
46.4'  0-5°, B, R4-R5, O, Pl, Cl

52.0'  to 53.3' fractured rock

56.8'  to 57' fractured rock
57.4'  0-5°, B, R4-R5, O, Pl, Cl
58.1'  0-5°, B, R4, O, Pl, Cl
58.3'  0-5°, B, R4-R5, O, Pl, Cl
58.6'  0-5°, B, R5, O, Pl, Cl
59.0'  0-5°, B, R5, O, Pl, Cl
59.6'  0-5°, B, R4, t, Pl, Cl
60.2'  0-5°, B, R5, O, Pl, Cl

61.8'  to 63.8'  fractured rock

64.0'  to 64.2'  fractured rock

66.8'  67.7'  fractured rock

72.7'  0-5°, B, R4, t, Pl, Cl
72.9'  0-5°, B, R5, O, Pl
73.0'  0-5°, B, R4, t, Pl, Cl
73.1'  0-5°, B, R5, O, Pl, Cl
73.2'  to 73.4'  fractured rock
73.5'  0-5°, B, R5, t, Pl
73.7'  0-5°, B, R4-R5, O, Pl
74.0'  0-5°, B, R5, t, Pl
75.5'  0-5°, B, R4-R5, O, Pl
77.0'  0-5°, B, R5, PtO-t, Pl
77.2'  0-5°, B, R4-R5, PtO-t, Pl
77.5'  0-5°, B, R4, t, Pl
78.0'  to 78.4'  fractured rock

1

2

3

4

5

6

7
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81.8 to 96.8'  BEDFORD SHALE, grey,
very fine grained, highly weathered to
decomposed, soft to very soft, thinly
bedded, highly fractured, decomposed
joints.

96.8 to 106.8'  Interbedded red and grey
BEDFORD SHALE

106.8 to 126.8'  BEDOFRD SHALE, red,
very fine grained, slightly to moderately
weathered, moderately hard, thinly
bedded, slightly to moderately fractured,
flat, slightly weathered joints

Run-8 81.8' - 86.8'  19 minute run
Down Pressure = 400 Psi
Possible loss between 81.8' to 82.5'

Run-9 86.8' - 91.8'  30 minute run
Down Pressure = 250 Psi

Run-10 91.8' - 96.8'  20 minute run
Down Pressure = 250 Psi

Run-11 96.8' - 106.8'  32 minute
run
Down Pressure = 400 Psi

Run-12 106.8' - 116.8'  21 minute
run
Down Pressure = 375 Psi
Possible loss in fractured zone

Run-13 116.8' - 126.8'  32 minute
run
Down Pressure = 400 Psi

N
/A

2.
2

1.
8

1
2.

4
1.

2
1.

6

81.8'  to 82.0'  fractured rock
82.2'  0-5°, B, R4-R5, O, Pl
82.4'  0-5°, B, R5, PtO-t, Pl
82.7'  0-5°, B, R4, t, Pl
82.8'  0-5°, B, R5, PtO-t, Pl
83.1'  0-5°, B, R4, O, Pl
83.5'  0-5°, B, R4, O, Pl
84.1'  0-5°, B, R5, PtO-t, Pl
84.4'  0-5°, B, R4-R5, O, Pl
84.6'  0-5°, B, R5, PtO-t, Pl
84.9'  0-5°, B, R4, t, Pl
85.2'  0-5°, B, R5, PtO-t, Pl
87.0'  0-5°, B, R4, O, Pl
87.4'  0-5°, B, R5, PtO-t, Pl
87.7'  0-5°, B, R5, PtO-t, Pl
87.9'  0-5°, B, R4-R5, O, Pl
88.1'  0-5°, B, R5, PtO-t, Pl
88.4'  0-5°, B, R4, t, Pl
88.5'  0-5°, B, R5, PtO-t, Pl
89.2'  0-5°, B, R4, O, Pl
89.7'  0-5°, B, R5, PtO-t, Pl

92.0'  0-5°, B, R4-R5, O, Pl

94.0'  0-5°, B, R5, t, Pl
94.1'  0-5°, B, R4-R5, t, Pl
94.3'  0-5°, B, R5, O, Pl
94.5'  0-5°, B, R4, O, Pl

96.8'  to 97.8'  fractured rock

97.8'  to 99.8'  0-5°, 9 Bs, R4-R5, O, Pl

100.0'  to 100.3'  fractured roc
100.5'  0-5°, B, R5, PtO-t, Pl
100.7'  0-5°, B, R4-R5, O, Pl
100.9'  0-5°, B, R5, PtO-t, Pl
101.1'  0-5°, B, R4, t, Pl
101.3'  0-5°, B, R5, PtO-t, Pl
101.5'  0-5°, B, R4, O, Pl
102.0'  0-5°, B, R5, PtO-t, Pl
102.3'  0-5°, B, R4-R5, O, Pl
103.4'  0-5°, B, R5, t, Pl
103.6'  0-5°, B, R4-R5, O, Pl
105.0'  0-5°, B, R4-R5, O, Pl
105.5'  0-5°, B, R5, PtO-t, Pl
105.7'  0-5°, B, R4, t, Pl
106.0'  0-5°, B, R4, t, Pl
106.5'  0-5°, B, R4-R5, PtO-t, Pl
107.0'  0-5°, B, R4, O, Pl

109.1'  0-5°, B, R5, PtO-t, Pl
109.5'  0-5°, B, R4-R5, t, Pl
109.8'  0-5°, B, R4-R5, O, Pl
110.2'  40°, Jt, R3-R4, O, Und
110.6'  30°, Jt, R4-R5, O, Und
111.0'  0-5°, B, R5, PtO-t, Pl

114.1'  0-5°, B, R4, O, Pl
114.3'  0-5°, B, R4, t, Pl

115.4'  0-5°, B, R4-R5, O, Pl
115.6'  0-5°, B, R5, PtO-t, Pl
115.8'  0-5°, B, R4-R5, O, Pl
116.8'  to 117.5'  fractured rock

117.8'  0-5°, B, R5, PtO-t, Pl
118.2'  0-5°, B, R4-R5, O, Pl
118.5'  0-5°, B, R5, PtO-t, Pl
118.8'  0-5°, B, R4, t, Pl

7

8

9

10

11
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126.8 to 149.0'  BEDFORD SHALE,
grey, very fine grained, moderately
weathered, moderately hard, thinly
bedded, moderately to highly fractured,
moderately to highly weathered joints.

149.0 to 158.0'  CDF encountered in
boring from 149.0' to 158.0'

158.0 to 176.8'  OHIO SHALE, Black,
very fine grained, slightly weathered,
moderately hard, very thinly bedded,
slightly to highly fractured, slightly

Run-14 126.8' - 136.8'  32 minute
run
Down Pressure = 400 Psi

Run-15 136.8' - 146.8'  29 minute
run
Down Pressure = 400 Psi
slipped rock (1.3') from Run 15
recovered in Run 16

Run-16 146.8' - 156.8'  19 minute
run
Down Pressure = 400 Psi
washed out material from 152.7' to
156.8'
Gas meter set off with high comb
levels and low O2
pushed core barrel 2.0' into CDF

Run-17 156.8' - 166.8'  25 minute
run
Down Pressure = 50-400 Psi
control density fill (CDF) from
158.0' - 158.8'
water continued out of augers
slowing down after 5 minutes of run

1.
6

4.
5

4.
4

N
/A

5.
4

119.2'  0-5°, B, R5, PtO-t, Pl
119.4'  0-5°, B, R4, O, Pl
119.6'  0-5°, B, R5, PtO-t, Pl
119.8'  0-5°, B, R4-R5, O, Pl
120.0'  0-5°, B, R4, t, Pl
120.2'  0-5°, B, R5, PtO-t, Pl
120.6'  0-5°, B, R4, O, Pl
120.7'  0-5°, B, R4, O, Pl
121.0'  to 121.5'  fractured rock
121.8'  0-5°, B, R4, O, Pl
122.0'  0-5°, B, R4, t, Pl
122.5'  0-5°, B, R4-R5, O, Pl
122.8'  0-5°, B, R5, PtO-t, Pl

126.8'  to 127.6'  0-5°, 8 Bs, R3-R4, O, Pl

128.0'  0-5°, B, R4-R5, O, Pl
128.3'  0-5°, B, R5, t, Pl
128.7'  0-5°, B, R4-R5, O, Pl
129.3'  0-5°, B, R5, PtO-t, Pl
129.6'  0-5°, B, R4-R5, O, Pl
129.8'  0-5°, B, R5, PtO-t, Pl
130.0'  0-5°, B, R4, O, Pl
130.2'  0-5°, B, R5, PtO-t, Pl
130.4'  0-5°, B, R4, O, Pl
130.8'  0-5°, B, R5, PtO-t, Pl
131.0'  0-5°, B, R4-R5, O, Pl
131.3'  0-5°, B, R5, t, Pl
131.9'  132.3'  0-5°, 5 Bs, R4, O, Pl
132.6'  0-5°, B, R4-R5, O, Pl
132.9'  0-5°, B, R5, PtO-t, Pl
133.3'  0-5°, B, R4, O, Pl
133.8'  to 134.4'  0-5°, 9 Bs, R4-R5, O, Pl
135.1'  0-5°, B, R5, t, Pl
135.3'  0-5°, B, R4-R5, O, Pl
135.4'  0-5°, B, R5, t, Pl
135.5'  0-5°, B, R5, PtO-t, Pl
135.6'  0-5°, B, R4-R5, t, Pl
135.8'  0-5°, B, R5, PtO-t, Pl
136.2'  0-5°, B, R5, t, Pl
137.3'  0-5°, B, R5, PtO-t, Pl
137.5'  to 138.5'  0-5°, 8 Bs, R4-R5, PtO-t,
Pl
138.7'  0-5°, B, R4, O, Pl
139.3'  0-5°, B, R3-R4, O, Pl
139.5'  140.0'  0-5°, 7 Bs, R4-R5, O, Pl
140.3'  0-5°, B, R5, PtO-t, Pl
140.5'  0-5°, B, R5, t, Pl
140.8'  0-5°, B, R4-R5, O, Pl
141.1'  0-5°, B, R4-R5, O, Pl
141.3'  0-5°, B, R5, PtO-t, Pl
141.7'  0-5°, B, R4, O, Pl
142.1'  0-5°, B, R3-R4, O, Pl
142.2'  0-5°, B, R5, t, Pl
142.4'  0-5°, B, R4, t, Pl
142.7'  0-5°, B, R5, PtO-t, Pl
142.9'  0-5°, B, R4-R5, O, Pl
143.3'  0-5°, B, R5, PtO-t, Pl
143.8'  0-5°, B, R4, O, Pl
144.0'  0-5°, B, R5, PtO-t, Pl
144.1'  0-5°, B, R4-R5, O, Pl
144.2'  0-5°, B, R5, PtO-t, Pl
144.4'  0-5°, B, R4, O, Pl
144.6'  0-5°, B, R5, O, Pl
145.0'  to 145.6'  0-5°, 8 Bs, R4, O, Pl
146.2'  0-5°, B, R4-R5, O, Pl
147.2'  0-5°, B, R5, PtO-t, Pl
147.9'  0-5°, B, R4, O, Pl
148.4'  0-5°, B, R4, O, Pl
148.6'  to 149.0'  0-5°, 4 Bs, R4, O, Pl
149.0'  to 152.7'  void encountered

156.8'  to 158.0'  washed (out of CDF)

158.0'  to 158.5'  fractured rock
158.6'  0-5°, B, R5, PtO-t, Pl
158.8'  0-5°, B, R4-R5, PtO-t, Pl
158.9'  0-5°, B, R4-R5, O, Pl
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weathered joints

End of Boring at 176.8 feet

completion

Run-18 166.8' - 176.8'  30 minute
run
Down Pressure = 350 Psi

5.
4

1.
2

159.2'  0-5°, B, R5, PtO-t, Pl
159.4'  0-5°, B, R4-R5, O, Pl
159.5'  0-5°, B, R5, PtO-t, Pl
159.6'  0-5°, B, R4, t, Pl
160.0'  0-5°, B, R5, PtO-t, Pl
160.9'  0-5°, B, R4, O, Pl
161.3'  0-5°, B, R5, PtO-t, Pl
161.7'  0-5°, B, R4-R5, O, Pl
162.5'  to 163.4'  0-5°, 12 Bs, R4-R5, O, Pl
162.7'  to 163.5'  0-5°, 11 Bs, R4-R5, O, Pl
163.1'  0-5°, B, R4, O, Pl
163.2'  0-5°, B, R5, PtO-t, Pl
163.4'  0-5°, B, R4-R5, O, Pl
163.6'  0-5°, B, R5, t, Pl
163.9'  0-5°, B, R4-R5, O, Pl
164.0'  0-5°, B, R4, O, Pl
164.1'  0-5°, B, R5, t, Pl
164.2'  0-5°, B, R4, O, Pl
164.3'  0-5°, B, R5, t, Pl
164.5'  165.3'  0-5°, 11 Bs, R4-R5, O, Pl
167.0'  0-5°, B, R5, PtO-t, Pl
169.3'  0-5°, B, R4, O, Pl

171.6'  0-5°, B, R5, PtO-t, Pl
171.9'  0-5°, B, R4-R5, O, Pl
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175.3'  0-5°, B, R5, PtO-t, Pl
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130.5 to 155.0'  BEDFORD SHALE,
grey with red bands, very fine grained,
slightly weathered, soft, thinly bedded, flat
bedding

155.0 to 177.5'  OHIO SHALE, black,
fine grained, unweathered, moderately
hard, moderately fractured, thinly bedded,
rare to some pyrite

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @ 134.7'
Run-1 130.5' - 135.5' 14 minute run
Down Pressure = 300 Psi

Run-2 135.5' - 140.5' 14 minute run
Down Pressure = 400 Psi

Run-3 140.5' - 145.5'  16 minute
run
Down Pressure = 400 Psi

Run-4 145.5' - 147.5'  10 minute
run
Down Pressure = 400 Psi

Run-5 147.5' - 150.5'  11 minute
run
Down Pressure = 400 Psi

Run-6 150.5' - 155.5'  10 minute
run
Down Pressure = 450 Psi

154.2' - 154.6'  UCS = 3,770 Psi

Run-7 155.5' - 160.5'  13 minute
run
Down Pressure = 450 Psi

Run-8 160.5' - 165.5'  11 minute
run
Down Pressure = 500 to 700 Psi

0.
4

1.
0

1.
0

1.
0

1.
3

1.
2

1.
6

1.
4

135.2'  0°, B, R3-R4, O, Pl, Cl
135.3'  0-5°, B, R4, O, Pl
135.8'  0-5°, Jt, R4-R5, PtO-t, Pl
136.6'  0-5°, B, R4, O, Pl, Cl
136.8'  0-5°, B, R4-R5, PtO-t, Pl

138.1'  0-5°, B, R4, O, Pl, Cl
138.2'  to 138.7'  90°, Jt, R4, O, Pl, Cl

140.8'  0-5°, B, R5, t, Pl

142.8'  0-5°, B, R4-R5, t, Pl

143.6'  0-5°, B, R4-R5, t, Pl
143.9'  to 144.5'  90°, Jt, R4, O, Pl, Cl

144.8'  0-2°, B, R5, t, Pl

146.0'  0-5°, B, R4, O, Pl, Cl

146.8'  to 147.1'  90°, Jt, R4, O, Pl, Cl

147.8'  0-5°, B, R4-R5, O, Pl
148.5'  0-5°, B, R4, O, Pl

149.5'  0-5°, B, R4, O, Pl

150.5'  0-5°, B, R4, O, Pl
150.7'  0-5°, B, R4, PtO-t, Pl
151.5'  0-5°, B, R4-R5, O, Pl
151.8'  0-5°, B, R4, O, Pl
152.3'  0-5°, B, R4, PtO-t, Pl
153.0'  0-5°, B, R4, O, Pl

153.8'  0-5°, B, R4-R5, O, Pl

156.4'  0-5°, B, R4, PtO-t, Pl
156.5'  0-5°, B, R4, O, Pl
157.4'  0-5°, B, R4-R5, PtO-t, Pl

158.2'  0-5°, B, R4, PtO-t, Pl
158.8'  0-5°, B, R4-R5, PtO-t, Pl

159.7'  0-5°, B, R4-R5, PtO-t, Pl
160.0'  0-5°, B, R4, PtO-t, Pl
160.2'  0-5°, B, R4-R5, O, Pl
160.7'  0-5°, B, R4-R5, PtO-t, Pl
161.2'  0-5°, B, R5, t, Pl

162.4'  0-5°, B, R4-R5, PtO-t, Pl
163.0'  0-5°, B, R5, t, Pl
163.4'  0-5°, B, R4-R5, PtO-t, Pl
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End of Boring at 177.5 feet

Run-9 165.5' - 170.5'  12 minute
run
Down Pressure = 300 Psi

Run-10 170.5' - 175.5'  12 minute
run
Down Pressure = 300 Psi

Run-11 175.5' - 177.5'  10 minute
run
Down Pressure = 300 Psi

0.
8

0.
8

N
A

165.1'  0-5°, B, R5, t, Pl
165.2'  0-5°, B, R4-R5, PtO-t, Pl
165.7'  0-5°, B, R4-R5, PtO-t, Pl
166.1'  0-5°, B, R5, t, Pl
166.3'  0-5°, B, R4-R5, PtO-t, Pl

170.2'  0-5°, B, R4-R5, PtO-t, Pl

172.3'  0-5°, B, R4-R5, PtO-t, Pl
172.4'  0-5°, B, R5, t, Pl
173.0'  0-5°, B, R4-R5, PtO-t, Pl
173.1'  0-5°, B, R4-R5, PtO-t, Pl

176.2'  to 176.6'  Possibility of a soft zone
(Could've been washed away)
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8.5 to 36.0'  Top of Rock @ 8.5'
9.0'  BEREA SANDSTONE, brown,
medium to fine grained, highly to
moderately weathered, soft to moderately
hard, highly to intensely fractured, thinly
bedded, clean fractured surfaces

17.5'  BEREA SANDSTONE, grey,
medium to fine grained, moderately to
slightly weathered, moderately hard,
highly fractured, thinly bedded, ferriferous
fractures

26.0'  BEREA SANDSTONE, grey,
medium to fine grained, slightly
weathered to unweathered, moderately
hard, moderately to highly fractured,
thinly bedded, flat to vertical fractures

36.0 to 54.0'  Interbedded BEDFORD
SHALE and BEREA SANDSTONE
(55%/45%)
36.0'  BEDFORD SHALE, grey, very fine
grained, unweathered, soft, moderately
fractured, thinly bedded
36.0'  BEREA SANDSTONE, grey,
medium to fine grained, unweathered,

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @ 8.5'
Run-1 8.5' - 10.5'  7 minute run
Down Pressure = 250 Psi

Run-2 10.5' - 15.5'  9 minute run
Down Pressure = 300 Psi

Run-3 15.5' - 20.5'  7 minute run
Down Pressure = 400 Psi

Run-4 20.5' - 25.5'  9 minute run
Down Pressure = 350 - 400 Psi

Run-5 25.5' - 30.5'  8 minute run
Down Pressure = 400 Psi
26.5' - 26.9'  UCS = 11,047 Psi

Run-6 30.5' - 35.5'  10 minute run
Down Pressure = 400 Psi

Run-7 35.5' - 40.5'  18 minute run
Down Pressure = 250 - 300 Psi

5.
5

3.
4

3.
6

3.
0

2.
8

2.
2

2.
8

8.9'  0-5°, Jt, R5, PtO-t, Pl
9.1'  0-5°, Jt, R4-R5, O, Pl
9.2'  0-5°, Jt, R5, PtO-t, Pl
9.4'  0-5°, Jt, R4-R5, t, Pl
9.5'  0-5°, Jt, R5, PtO-t, Pl
9.7'  0-5°, Jt, R5, t, Pl
9.8'  0-5°, Jt, R4-R5, t, Pl
9.9'  0-5°, Jt, R5, t, Pl
10.1'  0-5°, Jt, R4-R5, O, Pl
10.2'  0-5°, Jt, R4-R5, t, Pl
10.3'  45°, Jt, R4-R5, PtO-t, Und
10.5'  to 11.0'  90°, Jt, R4, O, Und
11.2'  0-5°, Jt, R4-R5, O, Pl
11.3'  0-5°, Jt, R5, PtO-t, Pl
11.4'  0-5°, Jt, R4-R5, t, Pl
11.6'  0-5°, Jt, R5, O, Pl
11.8'  0-5°, Jt, R4-R5, PtO-t, Pl
12.0'  0-5°, Jt, R4-R5, O, Pl
12.2'  0-5°, Jt, R4-R5, PtO-t, Pl
12.5'  0-5°, Jt, R4-R5, O, Pl
12.7'  0-5°, Jt, R4-R5, PtO-t, Pl
12.9'  0-5°, Jt, R4-R5, O, Pl
13.2'  0-5°, Jt, R4-R5, t, Pl
13.4'  0-5°, Jt, R4, PtO-t, Pl
13.8'  0-5°, Jt, R4-R5, t, Pl
13.9'  0-5°, Jt, R4-R5, t, Pl
14.3'  0-5°, Jt, R4, t, Pl
14.7'  0-5°, Jt, R4-R5, O, Pl
15.6'  0-5°, Jt, R4-R5, t, Pl
15.8'  0-5°, Jt, R4-R5, PtO-t, Pl
16.3'  0-5°, Jt, R4-R5, PtO-t, Pl
16.5'  0-5°, Jt, R4-R5, PtO-t, Pl
16.7'  0-5°, B, R4-R5, t, Pl
16.9'  0-5°, Jt, R4-R5, PtO-t, Pl
17.4'  0-5°, B, R4-R5, t, Pl
17.5'  to 19.5'  90°, Jt, R3-R4, O, Und
17.8'  0-5°,B, R4-R5, t, Pl
18.0'  0-5°, Jt, R4-R5, PtO-t, Pl
18.2'  0-5°, Jt, R4-R5, PtO-t, Pl
18.7'  0-5°, B, R4-R5, t, Pl
19.2'  0-5°, Jt, R4-R5, PtO-t, Pl
19.3'  0-5°, Jt, R4, O, Pl
19.6'  0-5°, Jt, R4-R5, PtO-t, Pl
19.8'  0-5°, B, R4, t, Pl
20.0'  0-5°, B, R4-R5, t, Pl
20.4'  0-5°, B, R4-R5, t, Pl
20.9'  0-5°, Jt, R4, O, Pl
21.0'  0-5°, B, R4-R5, t, Pl
21.2'  0-5°, Jt, R4, O, Pl
21.4'  0-5°, Jt, R4, O, Pl
21.7'  0-5°, Jt, R4-R5, O, Pl
21.8'  0-5°, B, R4-R5, t, Pl
21.9'  0-5°, B, R4-R5, t, Pl
22.2'  0-5°, Jt, R4-R5, O, Pl
22.5'  0-5°, Jt, R4, O, Pl
23.0'  0-5°, B, R4-R5, t, Pl
23.2'  0-5°, Jt, R4, O, Pl
23.4'  0-5°, Jt, R4, O, Pl
23.6'  0-5°, B, R4-R5, t, Pl
23.8'  0-5°, Jt, R4, O, Pl
24.5'  0-5°, Jt, R4, O, Pl
25.8'  0-5°, Jt, R4, O, Pl
26.9'  0-5°, B, R4-R5, t, Pl
27.1'  0-5°, Jt, R4, O, Pl
27.2'  0-5°, B, R4-R5, t, Pl
27.3'  0-5°, Jt, R4, O, Pl
27.5'  0-5°, Jt, R4, O, Pl
27.9'  0-5°, B, R4-R5, t, Pl
28.9'  0-5°, B, R4-R5, t, Pl
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Project No. 173409058

Core Size: HQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: A. Mirza

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  998.1 feet MSL

Bottom Elevation: 787.6 feet MSL

Total Depth: 210.5 feet
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moderately hard, moderately fractured,
thinly bedded

54.0 to 80.0'  Interbedded BEDFORD
SHALE and BEREA SANDSTONE
(55%/45%)
54.0'  BEDFORD SHALE, grey, very fine
grained, unweathered, soft, moderately
fractured, thinly bedded
54.0'  BEREA SANDSTONE, light grey,
medium to fine grained, unweathered,
moderately hard, moderately fractured,
thinly bedded

Run-8 40.5' - 45.5'  11 minute run
Down Pressure = 300 Psi

Run-9 45.5' - 50.5'  17 minute run
Down Pressure = 400 Psi

Run-10 50.5' - 55.5'  14 minute run
Down Pressure = 400 Psi

Run-11 55.5' - 60.5'  16 minute run
Down Pressure = 400 Psi

Run-12 60.5' - 65.5'  15 minute run
Down Pressure = 400 Psi

Run-13 65.5' - 70.5'  14 minute run
Down Pressure = 400 Psi

Run-14 70.5' - 75.5'  10 minute run
Down Pressure = 500 Psi

Run-15 75.5' - 80.5'  10 minute run
Down Pressure = 500 Psi

3.
4

4.
0

3.
8

4.
8

2.
4

2.
8

2.
6

1.
4

29.1'  0-5°, Jt, R4, O, Pl
29.2'  0-5°, B, R4-R5, t, Pl
29.4'  0-5°, Jt, R4, O, Pl
29.5'  0-5°, B, R4-R5, t, Pl
29.7'  0-5°, B, R4-R5, t, Pl
30.2'  0-5°, B, R4-R5, t, Pl
30.6'  0-5°, Jt, R4, O, Pl
30.7'  0-5°, B, R4-R5, t, Pl
31.1'  0-5°, Jt, R4, O, Pl
31.3'  0-5°, B, R4-R5, t, Pl
31.5'  0-5°, B, R4-R5, t, Pl
31.8'  0-5°, B, R4-R5, t, Pl
32.4'  0-5°, Jt, R4, O, Pl
32.5'  0-5°, B, R4-R5, t, Pl
32.8'  0-5°, Jt, R4, O, Pl
33.1'  0-5°, B, R4-R5, t, Pl
33.2'  to 35.5'  90°, Jt, R3-R4, O, Und
35.6'  0-5°, B, R4-R5, t, Pl
35.9'  40°, Jt, R3-R4, O, Und
36.2'  to 36.7'  0-5°, B, R4-R5, t, Pl
36.9'  0-5°, Jt, R4, O, Pl
37.0'  0-5°, Jt, R4, O, Pl
37.2'  0-5°, Jt, R4, O, Pl
37.4'  0-5°, B, R4-R5, t, Pl
37.6'  to 38.5'  90°, Jt, R3-R4, O, Und
38.6'  0-5°, B, R4-R5, t, Pl
38.7'  0-5°, B, R4-R5, t, Pl
38.8'  0-5°, Jt, R4, O, Pl
39.0'  0-5°, Jt, R4, O, Pl
39.3'  0-5°, Jt, R4, PtO-t, Pl
39.6'  0-5°, Jt, R4, O, Pl
40.6'  0-5°, Jt, R4, O, Pl
40.8'  to 41.3'  5 Jts
41.5'  0-5°, B, R4-R5, t, Pl
41.7'  to 42.3'  0-5°, B, R4-R5, t, Pl
42.5'  0-5°, Jt, R4, O, Pl
42.7'  0-5°, Jt, R4, O, Pl
42.9'  0-5°, B, R4-R5, t, Pl
43.3'  0-5°, Jt, R4, O, Pl
43.7'  0-5°, B, R4-R5, t, Pl
43.9'  0-5°, Jt, R4, O, Pl
44.1'  0-5°, Jt, R4, O, Pl
44.3'  0-5°, B, R4-R5, t, Pl
44.5'  0-5°, Jt, R4, O, Pl
44.6'  0-5°, B, R4-R5, t, Pl
44.8'  0-5°, Jt, R4, O, Pl
45.0'  0-5°, Jt, R4, O, Pl
45.1'  0-5°, B, R4-R5, t, Pl
45.3'  Sandstone lenses are two-four
inches thick
45.8'  0-5°, Jt, R4, O, Pl
45.9'  0-5°, Jt, R4, O, Pl
46.1'  0-5°, Jt, R4, O, Pl
46.2'  0-5°, Jt, R4, O, Pl
46.4'  0-5°, Jt, R4, O, Pl
46.5'  0-5°, Jt, R4, O, Pl
46.7'  0-5°, Jt, R4, O, Pl
46.9'  0-5°, Jt, R4, O, Pl
47.1'  0-5°, Jt, R4, O, Pl
47.4'  0-5°, Jt, R4, O, Pl
47.5'  0-5°, Jt, R4, O, Pl
47.7'  0-5°, B, R4-R5, t, Pl
47.9'  0-5°, B, R4-R5, t, Pl
48.1'  0-5°, B, R4-R5, t, Pl
48.2'  0-5°, B, R4-R5, t, Pl
48.5'  to 49.6'  0-5°, 5 Jts, R4, O, Pl
49.9'  0-5°, B, R4-R5, t, Pl
50.1'  0-5°, B, R4-R5, t, Pl
50.3'  0-5°,B, R4-R5, t, Pl
50.4'  0-5°,B, R4-R5, t, Pl
50.6'  0-5°,B, R4-R5, t, Pl
50.8'  0-5°,B, R4-R5, t, Pl
50.9'  0-5°,B, R4-R5, t, Pl
51.2'  0-5°,B, R4-R5, t, Pl
51.4'  0-5°,B, R4-R5, t, Pl
51.9'  0-5°,B, R4-R5, t, Pl
52.0'  0-5°,B, R4-R5, t, Pl
52.1'  0-5°,B, R4-R5, t, Pl
52.3'  0-5°,B, R4-R5, t, Pl
52.4'  0-5°,B, R4-R5, t, Pl
52.6'  0-5°,B, R4-R5, t, Pl
52.8'  0-5°,B, R4-R5, t, Pl
53.1'  to 53.5'  Broken Sandstone
53.7'  0-5°,B, R4-R5, t, Pl
53.9'  0-5°,B, R4-R5, t, Pl
54.2'  0-5°,B, R4-R5, t, Pl
54.5'  0-5°,B, R4-R5, t, Pl
54.8'  0-5°,B, R4-R5, t, Pl
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42

44

46

48

50

52

54

56

58

60

62

64

66

68

70

72

74

76

78

E
le

va
ti

o
n

,
fe

et
 M

S
L

R
Q

D
, 

%
Groundwater Depth: 1

958

956

954

952

950

948

946

944

942

940

938

936

934

932

930

928

926

924

922

920

R
u

n
 N

u
m

b
er

BORING NO. B-40

F
ra

ct
u

re
s 

/ 
ft

LA
K

E
 L

O
G

S
  B

W
S

T
E

_P
H

A
S

E
2_

R
O

C
K

 L
O

G
S

 (
7_

25
_2

01
9

).
G

P
J 

 K
LE

IN
F

E
LD

E
R

 L
V

 C
O

R
E

 A
P

R
06

.G
D

T
  8

/2
/1

9

8

13

13

20

17

35

53

48

100

96

97

90

40

100

100

94



80.0 to 92.0'  Interbedded BEDFORD
SHALE and BEREA SANDSTONE
(55%/45%)
80.0'  BEDFORD SHALE, grey, very fine
grained, unweathered, soft, moderately
fractured, thinly bedded
80.0'  BEREA SANDSTONE, light grey,
medium to fine grained, unweathered,
moderately hard, moderately fractured,
thinly bedded

92.0 to 150.5'  BEDFORD SHALE, blue
with red bands, fine grained,
unweathered, soft, moderately fractured,
thinly bedded, flat bedding and fractures

105.5'  BEDFORD SHALE, red, fine
grained, unweathered, soft, moderately
fractured, thinly bedded, fresh fractures

Run-16 80.5' - 85.5'  9 minute run
Down Pressure = 500 Psi

Run-17 85.5' - 90.5'  11 minute run
Down Pressure = 500 Psi

Run-18 90.5' - 95.5'  13 minute run
Down Pressure = 500 Psi

Run-19 95.5' - 100.5'  12 minute
run
Down Pressure = 400 Psi

Run-20 100.5' - 105.5'  12 minute
run
Down Pressure = 400 Psi

Run-21 105.5' - 110.5'  13 minute
run
Down Pressure = 450 Psi

Run-22 110.5' - 115.5'  13 minute
run
Down Pressure = 450 Psi

Run-23 115.5' - 120.5'  12 minute
run
Down Pressure = 450 Psi

1.
8

2.
4

1.
4

1.
4

1.
8

1.
8

0.
8

1.
2

55.1'  0-5°,B, R4-R5, t, Pl
55.7'  0-5°,B, R4-R5, t, Pl
55.8'  0-5°,B, R4-R5, t, Pl
56.0'  0-5°,B, R4-R5, t, Pl
56.1'  0-5°,B, R4-R5, t, Pl
56.4'  0-5°,B, R4-R5, t, Pl
56.7'  0-5°,B, R4-R5, t, Pl
56.8'  0-5°,B, R4-R5, t, Pl
57.1'  0-5°,B, R4-R5, t, Pl
57.4'  0-5°,B, R4-R5, t, Pl
57.5'  0-5°,B, R4-R5, t, Pl
57.8'  0-5°,B, R4-R5, t, Pl
57.9'  0-5°,B, R4-R5, t, Pl
58.0'  0-5°,B, R4-R5, t, Pl
58.1'  0-5°,B, R4-R5, t, Pl
58.2'  0-5°,B, R4-R5, t, Pl
58.4'  0-5°,B, R4-R5, t, Pl
58.5'  0-5°, B, R4, PtO-t, Pl
58.6'  0-5°, B, R4, PtO-t, Pl
58.7'  0-5°, B, R4, PtO-t, Pl
58.9'  0-5°,B, R4-R5, t, Pl
59.3'  0-5°, B, R4-R5, t, Pl
59.5'  0-5°, B, R4, PtO-t, Pl
59.6'  0-5°, B, R4-R5, t, Pl
60.0'  0-5°, B, R4-R5, t, Pl
60.7'  0-5°, B, R4-R5, t, Pl
60.8'  0-5°, B, R4-R5, t, Pl
61.1'  0-5°, B, R4-R5, t, Pl
61.3'  0-5°, B, R4, PtO-t, Pl
61.5'  0-5°, B, R4-R5, t, Pl
61.6'  0-5°, B, R4-R5, t, Pl
61.8'  0-5°, B, R4-R5, t, Pl
62.0'  to 62.2'  fractured rock
62.5'  0-5°, B, R4-R5, t, Pl
63.0'  0-5°, B, R4-R5, t, Pl
63.3'  to 63.8'  0-5°, B, R4-R5, t, Pl
64.2'  0-5°, B, R4-R5, t, Pl
65.5'  to 66.4'  fractured rock
66.6'  0-5°, B, R4-R5, t, Pl
66.8'  0-5°, B, R4-R5, t, Pl
67.0'  0-5°, B, R4-R5, t, Pl
67.2'  0-5°, B, R4, PtO-t, Pl
67.5'  0-5°, B, R4-R5, t, Pl
68.2'  0-5°, B, R4, PtO-t, Pl
68.3'  0-5°, B, R4-R5, t, Pl
68.6'  0-5°, B, R4, PtO-t, Pl
68.8'  0-5°, B, R4, PtO-t, Pl
69.2'  0-5°, B, R4-R5, t, Pl
69.5'  0-5°, B, R4, PtO-t, Pl
70.0'  0-5°, B, R4-R5, t, Pl
70.2'  0-5°, B, R4, PtO-t, Pl
70.7'  0-5°, B, R4-R5, t, Pl
71.0'  0-5°, B, R4-R5, t, Pl
71.3'  0-5°, B, R4-R5, t, Pl
71.8'  0-5°, B, R4, PtO-t, Pl
72.1'  0-5°, B, R4-R5, t, Pl
72.5'  0-5°, B, R4, PtO-t, Pl
73.0'  0-5°,B, R4-R5, t, Pl
73.4'  0-5°, B, R4, PtO-t, Pl
73.8'  0-5°,B, R4-R5, t, Pl
74.3'  0-5°, B, R4, PtO-t, Pl
74.5'  0-5°, B, R4, PtO-t, Pl
75.0'  0-5°,B, R4-R5, t, Pl
75.3'  0-5°, B, R4, PtO-t, Pl
75.9'  0-5°, B, R4, PtO-t, Pl
76.0'  0-5°, B, R4, PtO-t, Pl
76.2'  0-5°,B, R4-R5, t, Pl
77.0'  0-5°, B, R4, PtO-t, Pl
77.1'  to 78.3'  90°, Jt, R3-R4, PtO-t, Und
78.4'  0-5°,B, R4-R5, t, Pl
79.2'  to 79.7'  90°, Jt, R3-R4, PtO-t, Und
80.6'  0-5°,B, R4-R5, t, Pl
80.7'  0-5°, B, R4, PtO-t, Pl
81.1'  0-5°,B, R4-R5, t, Pl
82.1'  0-5°, B, R4, PtO-t, Pl
82.5'  0-5°, B, R4, PtO-t, Pl
82.7'  0-5°,B, R4-R5, t, Pl
84.2'  0-5°, B, R4, PtO-t, Pl
84.5'  0-5°,B, R4-R5, t, Pl
84.6'  0-5°, B, R4, PtO-t, Pl
86.2'  0-5°, B, R4, PtO-t, Pl
86.5'  0-5°, B, R4-R5, t, Pl
86.6'  0-5°, B, R4-R5, t, Pl
87.0'  0-5°, B, R4, PtO-t, Pl
87.3'  0-5°, B, R4-R5, t, Pl
87.7'  0-5°, B, R4-R5, t, Pl
88.5'  0-5°, B, R4, PtO-t, Pl
88.7'  0-5°, B, R4-R5, t, Pl
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124.5'  BEDFORD SHALE, grey with red
bands, fine grained, unweathered, soft,
moderately fractured, thinly bedded, flat
bedding

136.5'  BEDFORD SHALE, grey, fine
grained, unweathered, soft, slightly
fractured, flat bedding, fractures on
bedding planes

150.5 to 210.5'  OHIO SHALE, black,
fine grained, unweathered, moderately
hard, slightly fractured, thinly bedded, flat
bedding, fractures on bedding planes,
pyritic

Run-24 120.5' - 125.5'  13 minute
run
Down Pressure = 450 Psi

Run-25 125.5' - 130.5'  14 minute
run
Down Pressure = 500 Psi

Run-26 130.5' - 135.5'  25 minute
run
Down Pressure = 500 - 550 Psi

Run-27 135.5' - 140.5'  12 minute
run
Down Pressure = 500 - 550 Psi

Run-28 140.5' - 145.5'  12 minute
run
Down Pressure = 550 - 600 Psi

Run-29 145.5' - 150.5'  10 minute
run
Down Pressure = 550 Psi

Run-30 150.5' - 155.5'  10 minute
run
Down Pressure = 500 Psi

Run-31 155.5' - 160.5'  10 minute
run
Down Pressure = 500 Psi

2.
4

1.
2

0.
0

0.
0

0.
6

0.
4

0.
0

0.
4

89.1'  0-5°, B, R4, PtO-t, Pl
89.6'  0-5°, B, R4-R5, t, Pl
89.8'  0-5°, B, R4, PtO-t, Pl
90.2'  0-5°, B, R4-R5, t, Pl
91.4'  0-5°, B, R4, PtO-t, Pl
91.6'  0-5°, B, R4-R5, t, Pl
91.8'  0-5°, B, R4, PtO-t, Pl
92.1'  0-5°, B, R4-R5, t, Pl
92.8'  0-5°, B, R4, PtO-t, Pl
93.5'  0-5°, B, R4-R5, t, Pl
93.7'  0-5°, B, R4, PtO-t, Pl
97.0'  0-5°, B, R4, PtO-t, Pl
97.5'  0-5°, B, R4-R5, t, Pl
98.1'  0-5°, B, R4, PtO-t, Pl
98.5'  0-5°, B, R4-R5, t, Pl
99.1'  0-5°, B, R4, PtO-t, Pl
99.5'  0-5°, B, R4-R5, t, Pl
99.7'  0-5°, B, R4, PtO-t, Pl
101.6'  0-5°, B, R4-R5, t, Pl
102.5'  0-5°, B, R4, PtO-t, Pl
102.6'  0-5°, B, R4-R5, t, Pl
103.7'  0-5°, B, R4, PtO-t, Pl
103.9'  0-5°, B, R4-R5, t, Pl
104.5'  0-5°, B, R4, PtO-t, Pl
104.6'  0-5°, B, R4-R5, t, Pl
104.8'  0-5°, B, R4, PtO-t, Pl
105.5'  0-5°, B, R4-R5, t, Pl
105.9'  0-5°, B, R4, PtO-t, Pl
106.4'  0-5°, B, R4, PtO-t, Pl
106.8'  0-5°, B, R4-R5, t, Pl
107.0'  0-5°, B, R4-R5, t, Pl
107.6'  0-5°, B, R4-R5, t, Pl
107.7'  0-5°, B, R4, PtO-t, Pl
108.4'  0-5°, B, R4-R5, t, Pl
108.5'  0-5°, B, R4, PtO-t, Pl
109.5'  0-5°, B, R4-R5, t, Pl
111.2'  0-5°, B, R4, PtO-t, Pl
111.3'  0-5°, B, R4-R5, t, Pl
112.3'  0-5°, B, R4, PtO-t, Pl
114.9'  0-5°, B, R4, PtO-t, Pl
116.0'  0-5°, B, R4-R5, t, Pl
116.2'  0-5°, B, R4, PtO-t, Pl
116.4'  0-5°, B, R4-R5, t, Pl
117.2'  0-5°, B, R4, PtO-t, Pl
118.4'  0-5°, B, R4-R5, t, Pl
119.5'  0-5°, B, R4, PtO-t, Pl
121.1'  0-5°, B, R4-R5, t, Pl
121.6'  0-5°, B, R4-R5, t, Pl
122.5'  0-5°, B, R4, PtO-t, Pl
122.6'  0-5°, B, R4-R5, t, Pl
122.8'  0-5°, B, R4, PtO-t, Pl
123.6'  0-5°, B, R4-R5, t, Pl
123.8'  0-5°, B, R4-R5, t, Pl
123.9'  0-5°, B, R4-R5, t, Pl
124.0'  0-5°, B, R4-R5, t, Pl
125.0'  0-5°, B, R4, PtO-t, Pl
125.2'  0-5°, B, R4-R5, t, Pl
125.4'  0-5°, B, R4-R5, t, Pl
125.7'  0-5°, B, R4-R5, t, Pl
126.1'  to 126.3'  90°, Jt, R3-R4, PtO-t, Und
126.6'  0-5°, B, R4-R5, t, Pl
127.4'  0-5°, B, R4-R5, t, Pl
128.5'  0-5°, B, R4-R5, t, Pl
129.9'  0-5°, B, R4-R5, t, Pl
141.0'  0-5°, B, R4-R5, t, Pl
144.2'  0-5°, B, R4, PtO-t, Pl
145.1'  0-5°, B, R4-R5, t, Pl
147.3'  0-5°, B, R4, t, Pl
150.1'  0-5°, B, R4-R5, t, Pl

158.9'  0-5°, B, R, t, Pl
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Big Walnut Sewer Tunnel Extension - Phase 2
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: A. Mirza

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  998.1 feet MSL

Bottom Elevation: 787.6 feet MSL

Total Depth: 210.5 feet
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197.5'  OHIO SHALE, black, fine
grained, unweathered, soft to moderately
hard, slightly fractured, thinly bedded,
pyritic

Run-32 160.5' - 165.5'  11 minute
run
Down Pressure = 500 Psi

Run-33 165.5' - 170.5'  8 minute
run
Down Pressure = 500 Psi

Run-34 170.5' - 175.5'  8 minute
run
Down Pressure = 500 Psi

Run-35 175.5' - 180.5'  12 minute
run
Down Pressure = 500 Psi

Run-36 180.5' - 185.5'  11 minute
run
Down Pressure = 500 Psi

Run-37 185.5' - 190.5'  11 minute
run
Down Pressure = 500 Psi

Run-38 190.5' - 195.5'  12 minute
run
Down Pressure = 500 Psi

Run-39 195.5' - 200.5'  9 minute
run
Down Pressure = 500 Psi

0.
2

0.
8

0.
0

1.
2

0.
4

0.
4

0.
6

0.
6

160.3'  0-5°, B, R4, PtO-t, Pl

164.2'  0-5°, B, R4-R5, t, Pl

165.5'  to 166.5'  90°, Jt, R3-R4, PtO-t, Und

166.8'  0-5°, B, R4, PtO-t, Pl
167.1'  0-5°, B, R4-R5, t, Pl
167.9'  0-5°, B, R4, PtO-t, Pl

175.6'  0-5°, B, R4, t, Pl

176.5'  0-5°, B, R4, PtO-t, Pl

178.5'  0-5°, B, R4-R5, t, Pl
178.6'  0-5°, B, R4, PtO-t, Pl

180.1'  0-5°, B, R4-R5, t, Pl
180.3'  0-5°, B, R4, PtO-t, Pl
181.1'  0-5°, B, R4, PtO-t, Pl

182.7'  0-5°, B, R4-R5, t, Pl

188.1'  0-5°, B, R4-R5, t, Pl
188.6'  0-5°, B, R4, PtO-t, Pl

192.0'  0-5°, B, R4-R5, t, Pl
192.5'  0-5°, B, R4, PtO-t, Pl

194.6'  0-5°, B, R4, t, Pl

196.4'  0-5°, B, R4-R5, t, Pl

197.5'  0-5°, B, R4, t, Pl

198.7'  0-5°, B, R4, PtO-t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: A. Mirza

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  998.1 feet MSL

Bottom Elevation: 787.6 feet MSL

Total Depth: 210.5 feet
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End of Boring at 210.5 feet

Run-40 200.5' - 205.5'  11 minute
run
Down Pressure = 500 Psi

Run-41 205.5' - 210.5'  15 minute
run
Down Pressure = 500 Psi

1.
2

0.
0

201.2'  0-5°, B, R4-R5, t, Pl
201.7'  0-5°, B, R4, t, Pl
202.0'  0-5°, B, R4, PtO-t, Pl
202.3'  0-5°, B, R4, t, Pl
202.5'  0-5°, B, R4-R5, PtO-t, Pl
202.7'  0-5°, B, R4, PtO-t, Pl

40

41

Prepared By: B. Madras Natarajan
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Location: Tunnel Alignment
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Big Walnut Sewer Tunnel Extension - Phase 2
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: A. Mirza

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  998.1 feet MSL

Bottom Elevation: 787.6 feet MSL

Total Depth: 210.5 feet
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13.5 to 51.7'  BEREA SANDSTONE,
grey, fine to medium grained, slightly to
moderately weathered, moderately hard
to hard, thinly bedded, flat, ferriferous

Top of Rock @ 13.5'
Run-1 13.5' - 15.0'  13 minute run
Down Pressure = 250 psi
Run-2 15.0' - 20.0'  6 minute run
Down Pressure = 300 psi

Run-3 20.0' - 25.0'  10 minute run
Down Pressure = 300 psi

Run-4 25.0' - 30.0'  16 minute run
Down Pressure = 300 psi

Run-5 30.0' - 35.0'  10 minute run
Down Pressure = 300 psi

Run-6 35.0' - 40.0'  12 minute run
Down Pressure = 300 psi

Run-7 40.0' - 45.0'  12 minute run
Down Pressure = 300 psi

Run-8 45.0' - 50.0'  9 minute run
Down Pressure = 300 psi

6.
6

4
1.

2
1.

4
1.

8
1

2
2.

4

13.5'  to 15.0'  0-5°, 10 Bs, R4-R5, O, Pl

15.0'  to 20'  0-5°, 20 Bs, R4-R5, O, Pl

20.1'  0-5°, B, R5, PtO-t, Pl

21.8'  0-5°, B, R4, O, Pl
22.3'  0-5°, B, R4-R5, O, Pl
22.4'  0-5°, B, R5, PtO-t, Pl

23.5'  0-5°, B, R5, t, Pl
24.2'  0-5°, B, R4-R5, t, Pl

25.4'  to 25.6' 90°, Jt, R4, O, Pl

26.2'  0-5°, B, R5, t, Pl
26.4'  0-5°, B, R4-R5, O, Pl
27.0'  0-5°, B, R5, PtO-t, Pl

28.4'  0-5°, B, R4-R5, O, Pl
28.9'  0-5°, B, R5, t, Pl
29.0'  0-5°, B, R5, O, Pl

30.2'  to 30.4'  90°, Jt, R4, O, Pl
30.6'  0-5°, B, R5, t, Pl

31.4'  0-5°, B, R4, t, Pl
31.7'  0-5°, B, R5, PtO-t, Pl
31.8'  0-5°, B, R4-R5, O, Pl
32.7'  0-5°, B, R5, t, Pl
33.0'  0-5°, B, R5, O, Pl
33.4'  0-5°, B, R4, t, Pl
34.0'  to 35.0'  90°, Jt, R4, O, Pl

35.5'  0-5°, B, R4-R5, O, Pl
36.2'  to 36.4'  90°, Jt, R4, O, Pl

37.5'  0-5°, B, R4-R5, O, Pl

38.4'  to 38.6'  90°, Jt, R4, O, Pl

39.4'  0-5°, B, R5, PtO-t, Pl

40.5'  0-5°, B, R4-R5, O, Pl
40.9'  0-5°, B, R5, t, Pl

41.7'  0-5°, B, R5, O, Pl
42.3'  0-5°, B, R4-R5, O, Pl
42.5'  to 42.9' 0-5°, 5 Bs, R3-R4, O, Pl

43.8'  0-5°, B, R5, t, Pl

45.7'  0-5°, B, R5, PtO-t, Pl
45.9'  0-5°, B, R4-R5, O, Pl
46.1'  0-5°, B, R5, PtO-t, Pl
46.7'  0-5°, B, R5, t, Pl
47.0'  0-5°, B, R4-R5, O, Pl
47.2'  to 47.3'  90°, Jt, R3-R4, O, Pl
47.7'  0-5°, B, R4-R5, O, Pl
48.1'  0-5°, B, R5, t, Pl
48.6'  to 46.8'  fractured rock
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4
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Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 5

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  993.7 feet MSL

Bottom Elevation: 803.7 feet MSL

Total Depth: 190.0 feet
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51.7 to 90.0'  Interbedded BEREA
SANDSTONE (60%) and BEDFORD
SHALE (40%)
BEREA SANDSTONE, grey, fine to
medium grained, slightly weathered, hard,
thinly bedded, flat
BEDFORD SHALE, grey, very fine
grained, slightly weathered, soft, thinly
bedded, flat

Run-9 50.0' - 55.0'  13 minute run
Down Pressure = 300 psi

Run-10 55.0' - 60.0'  15 minute run
Down Pressure = 400 psi

Run-11 60.0' - 65.0'  14 minute run
Down Pressure = 400 psi

Run-12 65.0' - 70.0'  12 minute run
Down Pressure = 300 to 400 psi

Run-13 70.0' - 75.0'  12 minute run
Down Pressure = 400 psi

Run-14 75.0' - 80.0'  10 minute run
Down Pressure = 400 psi

Run-15 80.0' - 85.0'

Run-16 85.0' - 90.0'  9 minute run
Down Pressure = 450 psi

3.
6

3.
2

2.
2

2
2.

2
2.

2
1.

8
1.

2

48.9'  0-5°, B, R5, t, Pl
49.3'  0-5°, B, R5, PtO-t, Pl
50.3'  0-5°, B, R5, t, Pl
50.4'  0-5°, B, R5, PtO-t, Pl
50.5'  0-5°, B, R5, t, Pl
50.6'  0-5°, B, R5, PtO-t, Pl
51.2'  0-5°, B, R5, PtO-t, Pl
51.6'  0-5°, B, R5, t, Pl
51.8'  0-5°, B, R4-R5, O, Pl
52.1'  0-5°, B, R5, t, Pl
52.3'  0-5°, B, R5, PtO-t, Pl
52.5'  0-5°, B, R5, t, Pl
52.6'  0-5°, B, R5, t, Pl
52.7'  0-5°, B, R5, PtO-t, Pl
52.9'  to 53.3'  fractured rock
53.9'  0-5°, B, R5, PtO-t, Pl
54.3'  0-5°, B, R5, t, Pl
54.5'  0-5°, B, R5, PtO-t, Pl
54.7'  0-5°, B, R5, t, Pl
54.8'  0-5°, B, R4-R5, O, Pl
55.0'  0-5°, B, R4, O, Pl
55.2'  0-5°, B, R5, PtO-t, Pl
55.4'  0-5°, B, R5, t, Pl
55.8'  0-5°, B, R5, PtO-t, Pl
55.9'  0-5°, B, R5, t, Pl
56.5'  0-5°, B, R5, PtO-t, Pl
57.0'  0-5°, B, R4-R5, t, Pl
57.1'  0-5°, B, R5, O, Pl
57.6'  0-5°, B, R5, PtO-t, Pl
58.1'  0-5°, B, R4-R5, O, Pl
58.4'  0-5°, B, R5, t, Pl
58.6'  0-5°, B, R4-R5, O, Pl
58.9'  0-5°, B, R4-R5, O, Pl
59.1'  0-5°, B, R4-R5, O, Pl
59.5'  0-5°, B, R5, PtO-t, Pl
59.6'  0-5°, B, R4, t, Pl
60.1'  0-5°, B, R5, PtO-t, Pl
60.2'  0-5°, B, R5, PtO-t, Pl
60.5'  0-5°, B, R4-R5, O, Pl
60.7'  0-5°, B, R5, t, Pl
60.8'  0-5°, B, R5, PtO-t, Pl
61.3'  0-5°, B, R5, t, Pl
62.4'  0-5°, B, R4, t, Pl
63.0'  0-5°, B, R5, PtO-t, Pl
63.8'  to 64.0' 90°, Jt, R4-R5, O, Pl
64.3'  0-5°, B, R5, PtO-t, Pl
64.6'  0-5°, B, R4-R5, O, Pl
65.2'  0-5°, B, R5, PtO-t, Pl
65.3'  0-5°, B, R4, t, Pl
66.6'  0-5°, B, R5, PtO-t, Pl
67.3'  0-5°, B, R4, O, Pl
68.1'  to 68.3' fractured rock
68.5'  0-5°, B, R4, t, Pl
68.8'  0-5°, B, R5, PtO-t, Pl
69.2'  0-5°, B, R4, O, Pl
69.5'  0-5°, B, R5, PtO-t, Pl
69.7'  0-5°, B, R4-R5, O, Pl
70.1'  0-5°, B, R5, PtO-t, Pl
70.3'  0-5°, B, R4, t, Pl
70.5'  0-5°, B, R5, PtO-t, Pl
70.6'  0-5°, B, R4, O, Pl
71.1'  0-5°, B, R5, PtO-t, Pl
72.5'  0-5°, B, R4-R5, O, Pl
73.7'  0-5°, B, R5, t, Pl
73.9'  0-5°, B, R4-R5, O, Pl
74.1'  0-5°, B, R4-R5, O, Pl
74.6'  0-5°, B, R5, PtO-t, Pl
74.8'  0-5°, B, R4, t, Pl
75.0'  0-5°, B, R5, PtO-t, Pl
75.6'  0-5°, B, R5, PtO-t, Pl
76.2'  0-5°, B, R4-R5, O, Pl
76.5'  0-5°, B, R5, t, Pl
77.0'  0-5°, B, R5, PtO-t, Pl
77.3'  0-5°, B, R5, t, Pl
78.2'  0-5°, B, R4, t, Pl
78.3'  0-5°, B, R5, PtO-t, Pl
78.6'  0-5°, B, R4-R5, O, Pl
79.0'  0-5°, B, R5, t, Pl
79.3'  0-5°, B, R5, PtO-t, Pl
80.2'  0-5°, B, R5, t, Pl
80.3'  0-5°, B, R4, t, Pl
81.2'  0-5°, B, R5, PtO-t, Pl
81.9'  0-5°, B, R4-R5, O, Pl
82.2'  0-5°, B, R5, PtO-t, Pl
82.7'  0-5°, B, R4, O, Pl
83.0'  0-5°, B, R5, PtO-t, Pl
83.4'  0-5°, B, R4-R5, O, Pl
84.7'  0-5°, B, R5, t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  993.7 feet MSL

Bottom Elevation: 803.7 feet MSL

Total Depth: 190.0 feet
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90.0 to 108.5'  BEDFORD SHALE, grey,
very fine grained, unweathered, soft,
thinly bedded, moderately fractured, flat

108.5 to 121.7'  BEDFORD SHALE,
grey with red bands, very fine grained,
unweathered, soft, thinly bedded,
moderately fractured, flat

121.7 to 143.5'  BEDFORD SHALE, red,
very fine grained, unweathered, soft,
thinly bedded, slightly to moderately
fractured, flat

Run-17 90.0' - 95.0'  12 minute run
Down Pressure = 450 psi

Run-18 95.0' - 100.0' 11 minute run
Down Pressure = 450 psi

Run-19 100.0' - 105.0'  10 minute
run
Down Pressure = 450 to 500 psi

Run-20 105.0' - 110.0'  11 minute
run
Down Pressure = 450 to 500 psi

Run-21 110.0' - 115.0'  5 minute
run
Down Pressure = 500 psi

Run-22 115.0' - 120.0'  13 minute
run
Down Pressure = 500 psi

Run-23 120.0' - 125.0'  12 minute
run
Down Pressure = 500 psi

Run-24 125.0' - 130.0'  11 minute
run
Down Pressure = 500 psi

1.
2

1.
6

1.
2

1
1.

6
1.

2
1

1.
6

85.1'  0-5°, B, R5, PtO-t, Pl
86.3'  0-5°, B, R5, t, Pl
87.2'  0-5°, B, R5, PtO-t, Pl
87.9'  0-5°, B, R5, PtO-t, Pl
88.7'  0-5°, B, R4, O, Pl
89.3'  0-5°, B, R5, PtO-t, Pl
90.6'  0-5°, B, R4-R5, O, Pl
90.8'  0-5°, B, R5, PtO-t, Pl
91.3'  0-5°, B, R4, t, Pl
91.8'  0-5°, B, R5, PtO-t, Pl
92.2'  0-5°, B, R4, O, Pl
93.0'  0-5°, B, R5, PtO-t, Pl
93.9'  0-5°, B, R4-R5, O, Pl
94.1'  0-5°, B, R5, t, Pl
94.2'  0-5°, B, R4-R5, O, Pl
94.4'  0-5°, B, R4-R5, O, Pl
94.7'  0-5°, B, R5, PtO-t, Pl
95.0'  0-5°, B, R4, t, Pl
95.3'  0-5°, B, R5, PtO-t, Pl
95.6'  0-5°, B, R5, PtO-t, Pl
96.3'  0-5°, B, R4-R5, O, Pl
97.7'  0-5°, B, R5, t, Pl
98.3'  0-5°, B, R5, PtO-t, Pl
99.1'  0-5°, B, R5, t, Pl
99.7'  0-5°, B, R4, t, Pl
100.3'  0-5°, B, R5, PtO-t, Pl
101.0'  0-5°, B, R4-R5, O, Pl
101.2'  0-5°, B, R5, PtO-t, Pl
101.8'  0-5°, B, R5, t, Pl
102.4'  0-5°, B, R4, t, Pl

103.9'  0-5°, B, R5, PtO-t, Pl

105.0'  0-5°, B, R5, PtO-t, Pl
105.3'  0-5°, B, R4-R5, O, Pl
105.9'  0-5°, B, R5, t, Pl
106.5'  0-5°, B, R5, PtO-t, Pl

110.9'  0-5°, B, R4, t, Pl
111.3'  0-5°, B, R5, PtO-t, Pl
111.9'  0-5°, B, R5, PtO-t, Pl
112.5'  0-5°, B, R4, t, Pl
112.6'  0-5°, B, R5, PtO-t, Pl
113.6'  0-5°, B, R4, O, Pl
114.1'  0-5°, B, R5, PtO-t, Pl
114.7'  0-5°, B, R4-R5, O, Pl
115.0'  0-5°, B, R5, t, Pl
115.8'  0-5°, B, R4-R5, O, Pl
116.4'  0-5°, B, R4-R5, O, Pl
117.0'  0-5°, B, R5, PtO-t, Pl
117.7'  0-5°, B, R4, t, Pl

118.6'  0-5°, B, R5, PtO-t, Pl
119.2'  0-5°, B, R5, O, Pl

120.1'  0-5°, B, R5, PtO-t, Pl
120.3'  0-5°, B, R4-R5, O, Pl
121.2'  0-5°, B, R5, t, Pl

124.1'  0-5°, B, R4-R5, O, Pl
124.8'  to 125' fractured rock
125.1'  0-5°, B, R5, t, Pl
125.7'  0-5°, B, R5, PtO-t, Pl
126.1'  0-5°, B, R5, t, Pl

127.6'  0-5°, B, R4, t, Pl
128.1'  0-5°, B, R5, PtO-t, Pl

129.2'  0-5°, B, R4-R5, O, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  993.7 feet MSL

Bottom Elevation: 803.7 feet MSL

Total Depth: 190.0 feet
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143.5 to 150.0'  BEDFORD SHALE,
grey with red bands, very fine grained,
unweathered, soft, thinly bedded, slightly
to moderately fractured, flat

150.0 to 164.5'  OHIO SHALE, black,
very fine grained, unweathered, soft to
moderately hard, thinly bedded, slightly to
moderately fractured, flat

164.5 to 190.0'  OHIO SHALE, black,
very fine grained, unweathered, soft to
moderately hard, thinly bedded, slightly to
moderately fractured, flat, pyritic

Run-25 130.0' - 135.0'  17 minute
run
Down Pressure = 500 psi

Run-26 135.0' - 140.0'  13 minute
run
Down Pressure = 500 psi

Run-27 140.0' - 145.0'  15 minute
run

Run-28 145.0' - 150.0'  11 minute
run
Down Pressure = 500 psi

Run-29 150.0' - 155.0'  12 minute
run
Down Pressure = 500 psi

Run-30 155.0' - 160.0'  14 minute
run
Down Pressure = 500 psi

Run-31 160.0' - 165.0'  11 minute
run
Down Pressure = 500 psi

Run-32 165.0' - 170.0'  9 minute
run
Down Pressure = 500 psi

168.5' - 169.0'  UCS = 3,691 psi
168.5' - 169.0'  UCS = 3,691 Psi

1
1

1
0.

8
0.

4
1

1
0

129.7'  0-5°, B, R5, t, Pl
129.8'  0-5°, B, R4-R5, O, Pl
130.6'  0-5°, B, R5, t, Pl
131.2'  0-5°, B, R5, PtO-t, Pl

132.3'  0-5°, B, R4-R5, t, Pl

133.4'  0-5°, B, R5, PtO-t, Pl

134.2'  0-5°, B, R5, PtO-t, Pl
134.9'  0-5°, B, R5, t, Pl
135.4'  0-5°, B, R4, t, Pl

137.3'  0-5°, B, R5, PtO-t, Pl
137.7'  0-5°, B, R4-R5, O, Pl

139.1'  0-5°, B, R5, PtO-t, Pl

140.3'  0-5°, B, R4, O, Pl

142.4'  0-5°, B, R4-R5, O, Pl
142.5'  0-5°, B, R5, t, Pl

143.8'  0-5°, B, R5, t, Pl

145.0'  0-5°, B, R4-R5, O, Pl
145.1'  0-5°, B, R5, t, Pl
145.2'  0-5°, B, R5, PtO-t, Pl

149.1'  0-5°, B, R4-R5, t, Pl

149.9'  0-5°, B, R5, PtO-t, Pl

151.3'  0-5°, B, R5, PtO-t, Pl
151.9'  0-5°, B, R5, t, Pl

155.2'  0-5°, B, R4, t, Pl

156.1'  0-5°, B, R5, t, Pl

156.9'  0-5°, B, R4-R5, O, Pl

158.0'  to 158.5'  90°, R3-R4, O, Und
158.6'  to 158.9'  fractured rock

159.8'  0-5°, B, R5, PtO-t, Pl

162.1'  0-5°, B, R4, O, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  993.7 feet MSL

Bottom Elevation: 803.7 feet MSL

Total Depth: 190.0 feet
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End of Boring at 190.0 feet

Run-33 170.0' - 175.0'  9 minute
run
Down Pressure = 500 PSI

Run-34 175.0' - 180.0'  6 minute
run
Down Pressure = 500 psi

Run-35 180.0' - 185.0'  10 minute
run
Down Pressure = 500 psi

Run-36 185.0' - 190.0'  10 minute
run
Down Pressure = 500 psi

0.
2

0.
6

1
0.

6

174.1'  0-5°, B, R5, t, Pl

177.6'  0-5°, B, R5, PtO-t, Pl
178.1'  0-5°, B, R4-R5, O, Pl

179.6'  0-5°, B, R5, t, Pl

181.2'  0-5°, B, R4-R5, O, Pl
181.9'  0-5°, B, R4-R5, O, Pl

183.2'  0-5°, B, R5, t, Pl
183.9'  0-5°, B, R4, O, Pl
184.5'  0-5°, B, R5, PtO-t, Pl

185.9'  0-5°, B, R5, t, Pl
186.1'  0-5°, B, R4, t, Pl
187.0'  0-5°, B, R5, PtO-t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  993.7 feet MSL

Bottom Elevation: 803.7 feet MSL

Total Depth: 190.0 feet
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5.5 to 12.0'  BEREA SANDSTONE,
grey, fine to medium grained, highly
weathered, soft to moderately hard, thinly
bedded, highly to intensely fractured,
ferriferous

12.0 to 50.7'  BEREA SANDSTONE,
grey, fine to medium grained, slightly
weathered, moderately hard, thinly
bedded, highly fractured, ferriferous

Top of Rock @ 5.5'
Run-1 5.5' - 10.0'  10 minute run
Down Pressure = 250 psi

Run-2 10.0' - 20.0'  18 minute run
Down Pressure = 350 psi

Run-3 20.0' - 30.0'  18 minute run
Down Pressure = 350 to 400 psi

Run-4 30.0' - 40.0'  16 minute run
Down Pressure = 300 to 400 psi

6.
8

4.
8

2.
5

2

5.5'  to 7.0'  0-5°, 15 Bs, R4-R5, O, Pl

7.1'  to 7.2'  fractured rock
7.3'  0-5°, B, R5, PtO-t, Pl
7.4'  0-5°, B, R5, O, Pl
7.6'  0-5°, B, R4, t, Pl
7.7'  0-5°, B, R4, t, Pl
7.9'  0-5°, B, R5, PtO-t, Pl
8.1'  to 8.7'  0-5°, 7 Bs, R4-R5, O, Pl
9.0'  to 9.3'  fractured rock
9.4'  0-5°, B, R5, t, Pl
9.7'  0-5°, B, R5, PtO-t, Pl
10.1'  0-5°, B, R4-R5, t, Pl
10.2'  0-5°, B, R5, O, Pl
10.4'  to 10.9'  0-5°, 5 Bs, R4-R5, O, Pl
11.0'  to 11.9'  0-5°, 10 Bs, R4-R5, O, Pl
12.1'  0-5°, B, R5, PtO-t, Pl
12.5'  0-5°, B, R5, t, Pl
12.7'  0-5°, B, R5, PtO-t, Pl
12.8'  0-5°, B, R5, t, Pl
12.9'  0-5°, B, R4, t, Pl
13.1'  0-5°, B, R5, PtO-t, Pl
13.2'  0-5°, B, R4-R5, O, Pl
13.3'  0-5°, B, R5, t, Pl
13.5'  0-5°, B, R4-R5, O, Pl
13.6'  0-5°, B, R5, t, Pl
14.9'  0-5°, B, R5, PtO-t, Pl
15.2'  0-5°, B, R4-R5, t, Pl
15.5'  0-5°, B, R5, PtO-t, Pl
15.7'  0-5°, B, R4-R5, PtO-t, Pl
15.8'  0-5°, B, R5, t, Pl
16.2'  0-5°, B, R4, t, Pl
16.3'  0-5°, B, R5, O, Pl
16.6'  0-5°, B, R4-R5, t, Pl
16.8'  to 17.0'  fractured rock
17.1'  0-5°, B, R5, t, Pl
17.4'  0-5°, B, R4, t, Pl
17.5'  0-5°, B, R5, PtO-t, Pl
17.9'  0-5°, B, R4-R5, O, Pl
18.2'  0-5°, B, R5, t, Pl
18.4'  0-5°, B, R4-R5, O, Pl
18.6'  0-5°, B, R5, t, Pl
18.8'  0-5°, B, R5, PtO-t, Pl
19.5'  0-5°, B, R4-R5, t, Pl
19.7'  0-5°, B, R5, PtO-t, Pl
20.2'  0-5°, B, R5, PtO-t, Pl
20.7'  0-5°, B, R4-R5, O, Pl
20.9'  0-5°, B, R5, PtO-t, Pl
21.1'  0-5°, B, R4, t, Pl
21.6'  0-5°, B, R5, PtO-t, Pl
21.9'  0-5°, B, R4-R5, PtO-t, Pl
23.0'  0-5°, B, R5, t, Pl
23.4'  0-5°, B, R4-R5, O, Pl
23.7'  0-5°, B, R5, t, Pl
23.9'  0-5°, B, R5, PtO-t, Pl
24.5'  0-5°, B, R4-R5, t, Pl
24.9'  0-5°, B, R5, PtO-t, Pl
25.3'  0-5°, B, R5, PtO-t, Pl
25.5'  0-5°, B, R5, t, Pl
25.8'  0-5°, B, R5, PtO-t, Pl
26.1'  0-5°, B, R5, PtO-t, Pl
26.2'  0-5°, B, R4-R5, O, Pl
26.3'  0-5°, B, R5, t, Pl
26.4'  0-5°, B, R4, O, Pl
27.8'  0-5°, B, R5, PtO-t, Pl
28.5'  0-5°, B, R4-R5, O, Pl
28.6'  0-5°, B, R5, PtO-t, Pl
29.2'  0-5°, B, R4, t, Pl
29.6'  0-5°, B, R5, PtO-t, Pl
30.4'  0-5°, B, R4, O, Pl
30.5'  0-5°, B, R5, PtO-t, Pl
30.6'  0-5°, B, R4-R5, O, Pl
31.1'  0-5°, B, R5, t, Pl
31.4'  0-5°, B, R4-R5, O, Pl
32.4'  0-5°, B, R4, O, Pl

1

2

3
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Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 5

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  995.5 feet MSL

Bottom Elevation: 803.5 feet MSL

Total Depth: 192.0 feet
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50.7 to 103.3'  Interbedded BEREA
SANDSTONE and BEDFORD SHALE
BEREA SANDSTONE, grey, fine to
medium grained, slightly weathered,
moderately hard, thinly bedded, flat
BEDFORD SHALE, grey, very fine
grained, unweathered, soft, thinly bedded,
moderately fractured, flat

Run-5 40.0' - 50.0'  12 minute run
Down Pressure = 400 psi

Run-6 50.0' - 60.0'  21 minute run
(blockage after 11 minutes)
Down Pressure = 400 psi

Run-7 60.0' - 70.0'  19 minute run
Down Pressure = 300 to 500 psi

Run-8 70.0' - 80.0'  20 minute run
Down Pressure = 400 psi

1.
8

4.
7

2.
9

3.
9

33.0'  0-5°, B, R5, PtO-t, Pl
34.1'  0-5°, B, R4-R5, O, Pl
34.2'  0-5°, B, R4, O, Pl
34.3'  0-5°, B, R5, PtO-t, Pl
35.0'  to 35.6'  90°, Jt, R4-R5, O, Und
35.8'  to 35.9'  fractured rock
37.0'  0-5°, B, R5, PtO-t, Pl
37.4'  0-5°, B, R4-R5, O, Pl
37.8'  0-5°, B, R4-R5, PtO-t, Pl
38.1'  0-5°, B, R4-R5, O, Pl
38.3'  to 38.5'  fractured rock
38.7'  0-5°, B, R4-R5, O, Pl
39.0'  0-5°, B, R5, PtO-t, Pl
39.3'  0-5°, B, R4-R5, O, Pl
39.4'  0-5°, B, R5, t, Pl
40.4'  0-5°, B, R4-R5, O, Pl
40.7'  0-5°, B, R5, PtO-t, Pl
42.3'  0-5°, B, R4-R5, O, Pl
42.6'  0-5°, B, R5, PtO-t, Pl
42.7'  0-5°, B, R4-R5, O, Pl
44.1'  to 44.5'  0-5°, 5 Bs, R4-R5, O, Pl
45.5'  0-5°, B, R5, O, Pl
46.1'  0-5°, B, R4-R5, O, Pl
46.2'  to 46.3'  fractured rock
46.5'  0-5°, B, R5, t, Pl
46.6'  0-5°, B, R5, PtO-t, Pl
47.5'  0-5°, B, R4-R5, O, Pl
47.8'  0-5°, B, R5, O, Pl
49.2'  to 49.3'  fractured rock
50.1'  to 50.3'  fractured rock
50.7'  0-5°, B, R4-R5, O, Pl
50.9'  0-5°, B, R5, O, Pl
51.0'  to 51.3'  0-5°, 4 Bs, R4-R5, O, Pl
51.7'  to 51.9'  0-5°, 3 Bs, R4, O, Pl
52.1'  0-5°, B, R4, O, Pl
52.5'  0-5°, B, R5, PtO-t, Pl
52.7'  0-5°, B, R5, t, Pl
52.8'  0-5°, B, R4, O, Pl
53.0'  0-5°, B, R5, O, Pl
53.3'  0-5°, B, R5, t, Pl
53.4'  0-5°, B, R4-R5, O, Pl
53.5'  0-5°, B, R4, O, Pl
53.7'  0-5°, B, R5, PtO-t, Pl
53.9'  0-5°, B, R5, t, Pl
54.3'  to 54.7'  0-5°, 5 Bs, R4-R5, O, Pl
55.0'  0-5°, B, R5, t, Pl
55.1'  0-5°, B, R5, PtO-t, Pl
55.2'  0-5°, B, R5, t, Pl
55.4'  0-5°, B, R5, O, Pl
55.6'  0-5°, B, R5, PtO-t, Pl
55.8'  0-5°, B, R5, PtO-t, Pl
56.1'  0-5°, B, R4, O, Pl
56.2'  0-5°, B, R4, O, Pl
56.3'  0-5°, B, R5, PtO-t, Pl
56.4'  0-5°, B, R5, PtO-t, Pl
56.6'  0-5°, B, R4, O, Pl
56.7'  0-5°, B, R4-R5, O, Pl
57.2'  0-5°, B, R5, O, Pl
57.4'  0-5°, B, R4-R5, O, Pl
57.6'  0-5°, B, R5, t, Pl
57.9'  0-5°, B, R5, PtO-t, Pl
58.2'  0-5°, B, R4-R5, O, Pl
58.4'  0-5°, B, R5, PtO-t, Pl
58.7'  0-5°, B, R5, O, Pl
58.9'  0-5°, B, R4, t, Pl
59.2'  0-5°, B, R5, PtO-t, Pl
59.4'  0-5°, B, R4-R5, O, Pl
60.1'  0-5°, B, R5, O, Pl
60.4'  0-5°, B, R4-R5, O, Pl
60.5'  0-5°, B, R5, t, Pl
60.7'  0-5°, B, R5, PtO-t, Pl
61.2'  0-5°, B, R5, PtO-t, Pl
61.3'  0-5°, B, R5, O, Pl
61.4'  0-5°, B, R4-R5, O, Pl
62.6'  0-5°, B, R4-R5, O, Pl
62.7'  0-5°, B, R5, t, Pl
62.9'  0-5°, B, R5, PtO-t, Pl
63.0'  0-5°, B, R4-R5, O, Pl
63.4'  0-5°, B, R4-R5, O, Pl
63.6'  to 63.7'  fractured rock
63.8'  0-5°, B, R5, t, Pl
64.1'  0-5°, B, R4-R5, O, Pl
64.2'  0-5°, B, R4-R5, O, Pl
64.5'  0-5°, B, R5, PtO-t, Pl
65.5'  0-5°, B, R4, t, Pl
65.6'  0-5°, B, R5, PtO-t, Pl
65.8'  0-5°, B, R5, PtO-t, Pl
65.9'  0-5°, B, R5, O, Pl

5
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  995.5 feet MSL

Bottom Elevation: 803.5 feet MSL

Total Depth: 192.0 feet
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103.3 to 117.5'  BEDFORD SHALE,
grey, very fine grained, unweathered,
soft, thinly bedded, moderately fractured,
flat, unweathered joints

117.5 to 150.0'  BEDFORD SHALE, red,
very fine grained, unweathered, soft,
thinly bedded, slightly to moderately
fractured, flat, unweathered joints

Run-9 80.0' - 90.0'  15 minute run
Down Pressure = 450 psi

Run-10 90.0' - 100.0'  20 minute
run
Down Pressure = 400 psi

Run-11 100.0' - 110.0'  19 minute
run
Down Pressure = 400 psi

Run-12 110.0' - 120.0'  17 minute
run
Down Pressure = 400 psi

2.
5

2.
2

1
0.

8

66.4'  0-5°, B, R4-R5, O, Pl
66.5'  0-5°, B, R4-R5, t, Pl
67.8'  0-5°, B, R5, t, Pl
68.1'  0-5°, B, R5, PtO-t, Pl
68.4'  0-5°, B, R5, t, Pl
69.2'  0-5°, B, R4, t, Pl
69.5'  0-5°, B, R5, PtO-t, Pl
69.7'  0-5°, B, R4-R5, PtO-t, Pl
70.4'  0-5°, B, R4-R5, O, Pl
70.6'  0-5°, B, R5, t, Pl
71.1'  0-5°, B, R4-R5, t, Pl
71.6'  0-5°, B, R4, O, Pl
71.8'  to 71.9' fractured rock
72.2'  0-5°, B, R5, t, Pl
72.3'  0-5°, B, R5, PtO-t, Pl
72.4'  0-5°, B, R4-R5, O, Pl
72.6'  0-5°, B, R5, t, Pl
72.7'  0-5°, B, R4-R5, O, Pl
72.9'  0-5°, B, R4-R5, O, Pl
73.2'  0-5°, B, R5, t, Pl
73.3'  0-5°, B, R4, O, Pl
73.6'  0-5°, B, R5, PtO-t, Pl
73.8'  0-5°, B, R5, t, Pl
73.9'  0-5°, B, R4-R5, O, Pl
74.0'  0-5°, B, R5, t, Pl
74.6'  0-5°, B, R4-R5, O, Pl
74.8'  0-5°, B, R4-R5, O, Pl
74.9'  60°, Jt, R3-R4, O, Und
75.1'  0-5°, B, R4, O, Pl
75.6'  0-5°, B, R5, PtO-t, Pl
75.7'  0-5°, B, R4-R5, O, Pl
75.8'  0-5°, B, R5, PtO-t, Pl
76.1'  0-5°, B, R4, t, Pl
76.5'  0-5°, B, R5, PtO-t, Pl
76.7'  0-5°, B, R4, O, Pl
77.2'  0-5°, B, R5, PtO-t, Pl
77.4'  0-5°, B, R4-R5, O, Pl
77.5'  0-5°, B, R5, t, Pl
77.7'  0-5°, B, R4-R5, O, Pl
77.8'  0-5°, B, R4-R5, O, Pl
77.9'  0-5°, B, R5, PtO-t, Pl
78.4'  0-5°, B, R4, t, Pl
78.5'  0-5°, B, R5, PtO-t, Pl
79.2'  0-5°, B, R5, PtO-t, Pl
79.5'  0-5°, B, R5, t, Pl
79.8'  0-5°, B, R4-R5, O, Pl
80.1'  0-5°, B, R5, t, Pl
80.3'  0-5°, B, R5, PtO-t, Pl
80.4'  0-5°, B, R4-R5, t, Pl
80.7'  0-5°, B, R5, PtO-t, Pl
80.9'  0-5°, B, R5, PtO-t, Pl
81.1'  0-5°, B, R5, t, Pl
81.7'  0-5°, B, R4, t, Pl
82.1'  0-5°, B, R5, PtO-t, Pl
82.2'  0-5°, B, R4-R5, O, Pl
82.5'  0-5°, B, R5, PtO-t, Pl
83.2'  0-5°, B, R4, O, Pl
83.4'  0-5°, B, R5, PtO-t, Pl
84.5'  0-5°, B, R4-R5, O, Pl
84.6'  0-5°, B, R5, t, Pl
84.8'  0-5°, B, R4-R5, O, Pl
85.0'  0-5°, B, R5, PtO-t, Pl
85.5'  0-5°, B, R4, t, Pl
85.9'  0-5°, B, R5, PtO-t, Pl
86.8'  0-5°, B, R4, O, Pl
87.0'  0-5°, B, R5, PtO-t, Pl
87.3'  0-5°, B, R4-R5, O, Pl
87.9'  0-5°, B, R5, PtO-t, Pl
88.5'  0-5°, B, R5, PtO-t, Pl
89.5'  0-5°, B, R5, t, Pl
89.7'  0-5°, B, R4, t, Pl
90.4'  0-5°, B, R5, PtO-t, Pl
90.7'  0-5°, B, R4-R5, O, Pl
91.0'  0-5°, B, R5, PtO-t, Pl
91.1'  0-5°, B, R4, O, Pl
91.8'  0-5°, B, R5, PtO-t, Pl
92.1'  0-5°, B, R4-R5, O, Pl
92.3'  0-5°, B, R5, t, Pl
93.0'  0-5°, B, R4-R5, O, Pl
93.2'  0-5°, B, R5, PtO-t, Pl
94.2'  0-5°, B, R5, PtO-t, Pl
94.3'  0-5°, B, R5, t, Pl
95.0'  0-5°, B, R4, t, Pl
95.8'  0-5°, B, R5, PtO-t, Pl
96.1'  to 96.4'  0-5°, 4 Bs, R4-R5, O, Pl
97.0'  0-5°, B, R5, t, Pl
97.8'  0-5°, B, R4-R5, O, Pl
98.6'  0-5°, B, R4-R5, O, Pl
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Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  995.5 feet MSL

Bottom Elevation: 803.5 feet MSL

Total Depth: 192.0 feet
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150.0 to 163.2'  BEDFORD SHALE,
grey, very fine grained, unweathered,
soft, thinly bedded, moderately fractured,
flat, unweathered joints

Run-13 120.0' - 130.0'  20 minute
run
Down Pressure = 500 psi
24% LEL (vented to 0% after 15
minutes)

120.0' - 130.0' Gas Meter LEL = 24

Run-14 130.0' - 140.0'  19 minute
run
Down Pressure = 500 psi

Run-15 140.0' - 150.0'  25 minute
run
Down Pressure = 500 psi

Run-16 150.0' - 160.0'  21 minute
run
Down Pressure = 450 psi

1.
6

1.
5

1.
9

2.
1

99.2'  0-5°, B, R5, PtO-t, Pl
99.6'  0-5°, B, R4, O, Pl
101.2'  0-5°, B, R3-R4, O, Pl
101.5'  0-5°, B, R5, t, Pl
101.9'  0-5°, B, R4, t, Pl
103.4'  0-5°, B, R5, PtO-t, Pl
104.1'  0-5°, B, R4-R5, O, Pl
106.5'  0-5°, B, R5, PtO-t, Pl
107.8'  0-5°, B, R4, O, Pl
107.9'  0-5°, B, R5, PtO-t, Pl
108.1'  0-5°, B, R4-R5, O, Pl
109.2'  0-5°, B, R5, PtO-t, Pl
110.6'  0-5°, B, R4, O, Pl
111.2'  0-5°, B, R5, O, Pl
111.7'  0-5°, B, R5, PtO-t, Pl
112.1'  0-5°, B, R4-R5, O, Pl
114.4'  0-5°, B, R5, PtO-t, Pl
116.7'  0-5°, B, R4, O, Pl
117.4'  0-5°, B, R5, PtO-t, Pl
118.1'  0-5°, B, R5, PtO-t, Pl
120.1'  0-5°, B, R5, t, Pl
120.2'  0-5°, B, R4, t, Pl
120.4'  0-5°, B, R5, PtO-t, Pl
120.6'  0-5°, B, R4-R5, O, Pl
121.8'  0-5°, B, R5, PtO-t, Pl
122.4'  0-5°, B, R4, O, Pl
123.9'  0-5°, B, R5, PtO-t, Pl
124.2'  0-5°, B, R4-R5, O, Pl
125.1'  0-5°, B, R5, t, Pl
125.2'  0-5°, B, R4-R5, O, Pl
125.7'  0-5°, B, R5, PtO-t, Pl
126.4'  0-5°, B, R4, t, Pl
127.6'  0-5°, B, R5, PtO-t, Pl
128.1'  0-5°, B, R4, O, Pl
129.4'  0-5°, B, R5, PtO-t, Pl
129.7'  0-5°, B, R4-R5, O, Pl
133.2'  0-5°, B, R5, PtO-t, Pl
133.9'  0-5°, B, R5, PtO-t, Pl
134.4'  0-5°, B, R4-R5, O, Pl
134.9'  0-5°, B, R4-R5, t, Pl
135.6'  0-5°, B, R4-R5, O, Pl
135.8'  0-5°, B, R5, t, Pl
136.3'  0-5°, B, R5, t, Pl
136.5'  0-5°, B, R4-R5, O, Pl
136.6'  0-5°, B, R5, t, Pl
137.7'  0-5°, B, R4-R5, O, Pl
138.3'  0-5°, B, R5, PtO-t, Pl
138.4'  0-5°, B, R4, O, Pl
138.8'  0-5°, B, R5, PtO-t, Pl
139.0'  0-5°, B, R5, PtO-t, Pl
139.7'  0-5°, B, R4-R5, O, Pl
140.5'  0-5°, B, R5, t, Pl
141.7'  0-5°, B, R4, O, Pl
142.3'  0-5°, B, R5, PtO-t, Pl
142.8'  0-5°, B, R4-R5, O, Pl
143.1'  0-5°, B, R4, PtO-t, Pl
143.2'  0-5°, B, R5, PtO-t, Pl
143.4'  0-5°, B, R4, t, Pl
143.6'  0-5°, B, R4-R5, PtO-t, Pl
143.7'  0-5°, B, R4-R5, O, Pl
144.3'  0-5°, B, R5, PtO-t, Pl
144.7'  0-5°, B, R5, O, Pl
145.2'  0-5°, B, R4-R5, O, Pl
145.4'  0-5°, B, R5, PtO-t, Pl
146.4'  0-5°, B, R5, O, Pl
147.9'  0-5°, B, R4-R5, O, Pl
148.4'  0-5°, B, R5, O, Pl
149.6'  0-5°, B, R4, O, Pl
149.8'  0-5°, B, R5, O, Pl
149.9'  0-5°, B, R5, PtO-t, Pl
150.3'  0-5°, B, R4-R5, O, Pl
150.4'  0-5°, B, R5, O, Pl
150.5'  0-5°, B, R4-R5, O, Pl
150.6'  0-5°, B, R5, O, Pl
150.8'  0-5°, B, R5, PtO-t, Pl
151.6'  0-5°, B, R5, t, Pl
151.7'  0-5°, B, R4, O, Pl
152.8'  0-5°, B, R5, PtO-t, Pl
154.2'  0-5°, B, R4-R5, O, Pl
154.3'  0-5°, B, R4-R5, t, Pl
154.6'  0-5°, B, R4-R5, O, Pl
154.9'  0-5°, B, R4-R5, O, Pl
155.1'  0-5°, B, R5, PtO-t, Pl
155.4'  0-5°, B, R4, t, Pl
155.7'  0-5°, B, R5, O, Pl
155.8'  0-5°, B, R5, PtO-t, Pl
156.2'  0-5°, B, R5, O, Pl
156.5'  0-5°, B, R4, t, Pl
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163.2 to 192.0'  OHIO SHALE, black,
very fine grained, unweathered, soft to
moderately hard, thinly bedded, slightly to
moderately fractured, flat, pyritic

End of Boring at 192.0 feet

Run-17 160.0' - 170.0'  19 minute
run
Down Pressure = 500 psi

Run-18 170.0' - 180.0' 34 minute
run
Down Pressure = 500 psi
171.1' - 171.5'  UCS = 4,010 psi

Run-19 180.0' - 190.0'  18 minute
run
Down Pressure = 500 psi

Run-20 190.0' - 192.0'  5 minute
run
Down Pressure = 500 psi

1.
7

1.
8

1.
6

0.
5

157.6'  0-5°, B, R5, PtO-t, Pl
158.3'  0-5°, B, R4, O, Pl
158.6'  0-5°, B, R5, PtO-t, Pl
160.4'  0-5°, B, R4-R5, O, Pl
161.3'  0-5°, B, R5, t, Pl

162.8'  0-5°, B, R4-R5, O, Pl
163.2'  0-5°, B, R5, t, Pl

164.5'  0-5°, B, R4-R5, t, Pl
164.8'  0-5°, B, R4-R5, O, Pl
164.9'  0-5°, B, R5, t, Pl
165.1'  0-5°, B, R4-R5, O, Pl
165.6'  0-5°, B, R5, PtO-t, Pl
165.9'  0-5°, B, R4, O, Pl
166.5'  0-5°, B, R5, PtO-t, Pl
166.8'  0-5°, B, R4-R5, O, Pl
167.4'  0-5°, B, R5, t, Pl
167.8'  0-5°, B, R4-R5, O, Pl
168.0'  0-5°, B, R5, t, Pl
168.2'  0-5°, B, R5, t, Pl
169.9'  0-5°, B, R4-R5, O, Pl
170.1'  0-5°, B, R5, t, Pl
171.0'  0-5°, B, R4-R5, O, Pl
171.7'  0-5°, B, R5, t, Pl
171.9'  0-5°, B, R5, PtO-t, Pl

173.2'  0-5°, B, R4-R5, t, Pl
173.9'  0-5°, B, R5, PtO-t, Pl
174.1'  0-5°, B, R4, t, Pl
175.0'  0-5°, B, R5, PtO-t, Pl
175.4'  0-5°, B, R5, PtO-t, Pl
175.5'  0-5°, B, R4, t, Pl
175.6'  0-5°, B, R5, PtO-t, Pl
176.1'  0-5°, B, R4-R5, O, Pl
176.4'  0-5°, B, R4, t, Pl
177.2'  0-5°, B, R5, O, Pl
177.8'  0-5°, B, R5, PtO-t, Pl
178.3'  0-5°, B, R5, PtO-t, Pl
179.0'  0-5°, B, R4, O, Pl

179.8'  0-5°, B, R5, O, Pl
179.9'  0-5°, B, R5, PtO-t, Pl

181.2'  0-5°, B, R4-R5, O, Pl
181.8'  0-5°, B, R5, t, Pl
182.4'  0-5°, B, R4-R5, O, Pl
182.5'  0-5°, B, R4-R5, O, Pl

183.8'  0-5°, B, R5, t, Pl
184.2'  0-5°, B, R4, O, Pl
184.6'  0-5°, B, R5, PtO-t, Pl
185.0'  0-5°, B, R5, t, Pl
185.4'  0-5°, B, R4, t, Pl
186.3'  0-5°, B, R5, PtO-t, Pl

187.2'  0-5°, B, R5, t, Pl
187.9'  0-5°, B, R4, O, Pl
188.6'  0-5°, B, R5, PtO-t, Pl
188.8'  0-5°, B, R4, O, Pl
189.5'  0-5°, B, R5, PtO-t, Pl
189.7'  to 190.0'  fractured rock
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Big Walnut Sewer Tunnel Extension - Phase 2
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  995.5 feet MSL

Bottom Elevation: 803.5 feet MSL

Total Depth: 192.0 feet
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8.6 to 56.6'  BEREA SANDSTONE,
grey, medium to fine grained, moderately
to slightly weathered, moderately hard,
moderately to highly fractured, thinly
bedded, ferriferous fractures

Top of Rock @ 8.6'
Run-1 8.6' - 16.6'  13 minute run
Down Pressure = 400 psi

Run-2 16.6' - 26.6'  11 minute run
Down Pressure = 350 psi

Run-3 26.6' - 36.6'  13 minute run
Down Pressure = 375 psi

Run-4 36.6' - 46.6'  38 minute run
Down Pressure = 400 psi

6.
1

3.
1

2.
9

3.
9

8.6'  to 9.2' fractured rock
9.2'  0-5°, B, R3, O, Pl
9.3'  0-5°, B, R3, O, Pl
9.4'  0-5°, B, R3, t, Pl
9.6'  2 Bs, R4, PtO, Pl
9.8'  to 10.0'  0-5°, 4 Bs, R4, t, Pl
10.2'  to 11.4'  0-5°, 8 Bs, R3-R5, PtO-O, Pl
10.3'  to 10.8'  0-5°, 12 Bs, R4-R5, PtO-t, Pl
10.8'  to 12.4'  0-5°, 4Bs, R4, PtO-t, Pl
12.4'  to 13.2'  0-5°, 5 Bs, R4, PtO-O, Pl
12.6'  0-5°, B, R4, PtO, Pl
13.2'  to 14.6'  0-5°, 10 Bs, R3-R4, PtO-O,
Pl

18.8'  to 20.2'  0-5°, 7 Bs, R3, O, Pl

20.5'  to 21.9'  0-5°, 6 Bs, R4-R5, t, Pl

21.9'  to 22.1'  0-5°, 3 Bs, R3, O, Pl

23.0'  0-5°, B, R3, O, Pl
23.3'  to 23.8'  0-5°, 7 Bs, R4-R5, t, Pl
23.4'  fractured rock

24.7'  to 24.9' fractured rock
24.9'  to 26.6'  0-5°, 7 Bs, R3-R5, PtO-O, Pl

26.8'  to 27.2'  0-5°, 4 Bs, R4-R5, PtO-O, Pl

27.8'  0-5°, B, R3, O, Pl
28.1'  fractured rock
28.2'  to 28.3'  0-5°, 3 Bs, R4-R5, PtO-t, Pl
28.8'  to 28.9'  0-5°, 3 Bs, R4-R5, PtO-t, Pl
29.5'  0-5°, B, R4, PtO, Pl
29.8'  0-5°, B, R4, PtO, Pl
30.6'  fractured rock

31.6'  0-20°, B, R4, O, Pl
31.8'  0-20°, B, R4, O, Pl
32.0'  0-5°, B, R4, PtO, Pl
32.7'  to 32.9'  0-5°, 4 Bs, R3-R4, PtO, Pl

34.0'  to 36.6'  0-5°, 9 Bs, R3-R4, PtO-O,
Pl-Und

36.6'  to 41.2'  0-10°, 30 Bs, R3-R5, PtO-t,
Pl

38.8'  to 39.5'  90°, Jt, R3, t, Und
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Stantec

Logged By: Paul Cichocki/Stantec

Checked By: A. Mirza

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  990.6 feet MSL

Bottom Elevation: 804.0 feet MSL

Total Depth: 186.6 feet
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56.6 to 91.6'  BEDFORD SHALE, grey,
very fine grained, highly weathered, soft,
highly fractured, thinly bedded, highly
weathered joints, sandstone stringers

Run-5 46.6' - 56.6'  21 minute run
Down Pressure = 400 psi

Run-6 56.6' - 61.6'  12 minute run
Down Pressure = 400 psi

Run-7 61.6' - 66.6'  8 minute run
Down Pressure = 400 psi

Run-8 66.6' - 76.6'  22 minute run
Down Pressure = 450 psi

Run-9 76.6' - 86.6'  25 minute run
Down Pressure = 400 psi

3.
9

2.
3

4.
8

6.
6

1.
5

3.
1

42.0'  to 46.6'  0-5°, 8 Bs, R3-R5, PtO, Pl

46.6'  to 47' fractured rock
47.0'  to 48.5'  0-5°, 20 Bs, R3-R5, PtO-t, Pl

48.8'  to 49.3'  90°, Jt, R3, O, Und
49.3'  0-10°, B, R4, PtO, Pl
49.6'  to 50.9' fracturedrock

56.6'  to 57.3'  0-5°, 8 Bs, R3-R5, PtO-t, Pl

57.5'  0-5°, 3 Bs, R4, PtO, Pl
57.9'  to 58.2'  fractured rock
58.3'  to 59.1'  0-5°, 9 Bs, R4, PtO-O, Pl

59.4'  to 61.6'  0-5°, 4 Bs, R4, PtO-O, Pl

61.6'  to 62.4'  fractured rock

62.7'  to 65.9'  0-5°, 33 Bs, R4, PtO-O, Pl

66.6'  to 66.9'  0-5°, 4 Bs, R4, PtO-O, Pl
66.9'  to 67.7'  fractured rock

68.0'  to 68.6'  0-5°, 6 Bs, R4, PtO-t, Pl

69.2'  0-5°, B, R3-R4, PtO, Pl

70.1'  to 70.2'  fractured rock
70.4'  0-5°, B, R4, t, Pl
70.6'  0-5°, B, R4, PtO, Pl
71.1'  0-5°, B, R4, PtO, Pl
71.3'  0-5°, B, R4, PtO, Pl
71.8'  to 71.9'  fractured rock

76.2'  to 76.6'  fractured rock
76.6'  to 82.6'  0-5°, 23 Bs, R4-R5, PtO-O,
Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Stantec

Logged By: Paul Cichocki/Stantec

Checked By: A. Mirza

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  990.6 feet MSL

Bottom Elevation: 804.0 feet MSL

Total Depth: 186.6 feet
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91.6 to 109.4'  BEDFORD SHALE, grey,
very fine grained, moderately weathered,
soft to moderately hard, moderately to
highly fractured, flat bedding, highly
weathered joints

109.4 to 135.6'  BEDFORD SHALE,
grey with red bands, very fine grained,
highly weathered, soft, highly fractured,
thinly bedded, highly to severely
weathered joints, agrillaceous

Run-10 86.6' - 91.6'  22 minute run
Down Pressure = 450 psi

Run-11 91.6' - 96.6'  6 minute run
Down Pressure = 400 psi

Run-12 96.6' - 101.6'  16 minute
run
Down Pressure = 400 psi

Run-13 101.6' - 106.6'  33 minute
run
Down Pressure = 400 psi

Run-14 106.6' - 111.6'  11 minute
run
Down Pressure = 400 psi

Run-15 111.6' - 116.6'  14 minute
run
Down Pressure = 400 psi

Run-16 116.6' - 126.6'  21 minute
run
Down Pressure = 450 psi

3.
1

0.
6

1.
6

3.
2

7.
4

8.
6

8.
4

4.
6

82.6'  to 86.6'  0-5°, 8 Bs, R4-R5, PtO-t, Pl

86.6'  to 87.0'  0-10°, 3 Bs, R4, PtO-O, Pl

91.6'  0-5°, B, R4, t, Pl
91.7'  0-5°, B, R4, t, Pl
92.6'  0-5°, B, R4, t, Pl
92.8'  0-5°, B, R4, t, Pl

94.4'  0-5°, B, R4, t, Pl
94.7'  0-5°, B, R4, PtO, Pl

95.9'  0-5°, B, R4, PtO, Pl
96.6'  to 97.2'  0-5°, 7 Bs, R4-R5, PtO-t, Pl
96.7'  0-5°, B, R4, PtO, Pl
97.7'  to 98.9'  0-5°, 9 Bs, R4-R5, t-O, Pl

101.6'  to 102.3'  0-5°, 9 Bs, R4-R5, t-O, Pl

102.7'  0-5°, B, R4, t, Pl
102.9'  to 103.4'  0-5°, 5 Bs, R4, PtO-t, Pl

104.0'  0-5°, B, R5, t, Pl
104.2'  to 104.7'  fractured rock
104.7'  to 105.6'  0-5°, 8 Bs, R4, t, Pl
105.6'  to 106.6'  0-5°, 13 Bs, R4, t, Pl

106.6'  to 109.9'  0-5°, 35 Bs, R4, O-t, Pl

110.4'  to 111.6'  0-5°, 8 Bs, R4, PtO, Pl

112.0'  15-20°, B, R4, PtO, Pl
112.4'  15-20°, B, R4, PtO, Pl
112.9'  to 116.6'  0-5°, 40 Bs, R4, PtO-t, Pl

116.6'  to 121.6'  0-5°, 45 Bs, R4, PtO-t, Pl
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135.6 to 186.6'  OHIO SHALE, black,
very fine grained, slightly to moderately
weathered, soft to moderately hard,
moderately to highly fractured, thinly
bedded, slightly to highly weathered joints

Run-17 126.6' - 136.6'  33 minute
run
Down Pressure = 450 psi

Run-18 136.6' - 146.6'  41 minute
run
Down Pressure = 450 psi

Run-19 146.6' - 156.6' 27 minute
run
Down Pressure = 475 psi

Run-20 156.6' - 166.6'  21 minute
run
Down Pressure = 475 psi

4.
6

5.
1

9.
0

2.
9

3.
8

122.2'  0-5°, B, R4, PtO, Pl

127.0'  0-5°, B, R4, PtO, Pl
127.3'  0-5°, B, R4, PtO, Pl

128.9'  0-5°, B, R4, PtO, Pl

129.8'  0-5°, B, R4, PtO, Pl
129.9'  0-5°, B, R4, PtO, Pl
130.5'  0-5°, B, R4-R5, t, Pl
130.8'  0-5°, B, R4-R5, t, Pl

132.0'  0-5°, B, R4-R5, t, Pl
132.3'  0-5°, B, R4-R5, O, Pl
132.6'  0-5°, B, R4-R5, t, Pl
132.9'  0-5°, B, R4-R5, PtO, Pl
133.1'  to 133.2'  0-5°, 2 Bs, R4-R5, PtO, Pl
133.6'  to 136.6'  0-5°, 38 Bs, R4-R5, PtO-t,
Pl
134.0'  to 137.8'  0-5°, 13 Bs, R4-R5, PtO-t,
Pl

138.0'  to 138.6'  0-5°, 11 Bs, R4-R5, PtO-t,
Pl
138.6'  to 141.8'  0-5°, 25 Bs, R4-R5, t, Pl

141.8'  to 143'  0-5°, 14 Bs, R4-R5, PtO, Pl

143.5'  to 147.4'  0-5°, 33 Bs, R4-R5, PtO-t,
Pl

147.8'  to 150.2'  0-5°, 14 Bs, R4-R5, PtO-t,
Pl

150.8'  to 160.0'  0-5°, 3 Jts, R3, PtO, Pl
151.3'  0-5°, B, R4, PtO, Pl

152.2'  0-5°, B, R4, O, Pl
152.5'  80°, B, R3, t, Pl
152.8'  0-5°, B, R4, PtO, Pl
153.7'  0-5°, B, R4, PtO, Pl

155.3'  0-5°, B, R4, PtO, Pl

157.1'  0-5°, B, R3, PtO, Pl

158.2'  to 166.6'  0-5°, 37 Bs, R4-R5, PtO-t,
Pl
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Project No. 173409058

Core Size: NQ

Driller: Stantec

Logged By: Paul Cichocki/Stantec

Checked By: A. Mirza

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  990.6 feet MSL

Bottom Elevation: 804.0 feet MSL

Total Depth: 186.6 feet
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End of Boring at 186.6 feet

164.3' - 164.7'  UCS = 8,906 psi
164.3' - 164.7'  UCS = 8,906 Psi

Run-21 166.6' - 176.6'  30 minute
run
Down Pressure = 475 psi

166.6' - 176.6' Gas Meter COMB =
16 H2S

Run-22 176.6' - 186.6'  14 minute
run
Down Pressure = 500 psi

176.6' - 186.6' Gas Meter COMB =
7 H2s = 1

3.
8

1.
5

1.
4

168.2'  to 168.3'  0-5°, 2 Bs, R4-R5, PtO, Pl

170.7'  to 172.3'  0-5°, 7 Bs, R4-R5, PtO-t,
Pl

173.1'  0-5°, B, R4, t, Pl

174.3'  to 177'  0-5°, 6 Bs, R4, PtO-t, Pl

178.5'  0-5°, B, R4, t, Pl

181.7'  to 186.6'  0-5°, 12 Bs, R4, PtO-t, Pl

20
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Stantec

Logged By: Paul Cichocki/Stantec

Checked By: A. Mirza

Drill Rig: CME 55 Track 2

Top Drillhole Elevation:  990.6 feet MSL

Bottom Elevation: 804.0 feet MSL

Total Depth: 186.6 feet
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5.0 to 13.2'   BEREA SANDSTONE,
brown, fine to medium grained, slightly to
moderately weathered, moderately hard
to hard, thin bedded, moderately to highly
fractured, flat

13.2 to 48.0'   BEREA SANDSTONE,
gray, fine to medium grained, slightly
weathered, moderately hard, thin bedded,
moderately to highly fractured, flat

Top of Rock @ 5.0'
Run-1 5.0' - 10.0'  9 minute run
Down Pressure = 250 to 300 psi

Run-2 10.0' - 15.0'  16 minute run
Down Pressure = 300 psi

Run-3 15.0' - 25.0'  23 minute run
Down Pressure = 350 psi

Run-4 25.0' - 35.0'  22 minute run
Down Pressure = 300 psi

Run-5 35.0' - 45.0'  23 minute run
Down Pressure = 350 psi

7
4.

2
3.

4
2.

1
2.

2

5.0'  to 5.9'  0-5°, 10 Bs, R4-R5, O, Pl

6.0'  to 6.9'  0-5°, 9 Bs, R4-R5, O, Pl

7.1'  to 7.9'  0-5°, 8 Bs, R4-R5, O, Pl

8.0'  8.1'  fractured rock
8.2'  0-5°, B, R5, O, Pl
8.3'  0-5°, B, R4-R5, O, Pl
8.4'  0-5°, B, R4-R5, O, Pl
8.5'  0-5°, B, R5, PtO-t, Pl
8.7'  0-5°, B, R4, t, Pl
8.8'  0-5°, B, R5, PtO-t, Pl
9.1'  0-5°, B, R4-R5, O, Pl
9.2'  0-5°, B, R4-R5, O, Pl
10.1'  to 10.9'  0-5°, 6 Bs, R4-R5, O, Pl
11.1'  to 11.2'  90°, Jt, R4-R5, O, Und
11.4'  to 11.8'  fractured rock
11.9'  0-5°, B, R4-R5, O, Pl
12.1'  to 12.8' 0-5°, 7 Bs, R4-R5, O, Pl
13.0'  0-5°, B, R4-R5, O, Pl
13.2'  0-5°, B, R5, PtO-t, Pl
13.5'  0-5°, B, R5, t, Pl
14.2'  0-5°, B, R4-R5, O, Pl
14.5'  0-5°, B, R4-R5, O, Pl
14.9'  0-5°, B, R5, PtO-t, Pl
15.1'  0-5°, B, R4, t, Pl
15.4'  0-5°, B, R5, PtO-t, Pl
15.9'  0-5°, B, R4-R5, O, Pl
16.1'  0-5°, B, R5, PtO-t, Pl
16.7'  0-5°, B, R4, O, Pl
16.8'  0-5°, B, R5, PtO-t, Pl
16.9'  0-5°, B, R4-R5, O, Pl
17.0'  0-5°, B, R5, PtO-t, Pl
17.3'  0-5°, B, R4, O, Pl
17.4'  0-5°, B, R5, PtO-t, Pl
17.5'  0-5°, B, R4-R5, O, Pl
17.8'  0-5°, B, R4, O, Pl
18.0'  0-5°, B, R5, PtO-t, Pl
18.1'  0-5°, B, R5, O, Pl
18.2'  0-5°, B, R4-R5, O, Pl
18.6'  0-5°, B, R5, PtO-t, Pl
19.3'  60°, Jt, R4-R5, O, Und
19.4'  0-5°, B, R4, t, Pl
19.5'  0-5°, B, R5, PtO-t, Pl
19.9'  0-5°, B, R4, O, Pl
20.3'  0-5°, B, R4, O, Pl
20.6'  0-5°, B, R5, PtO-t, Pl
21.2'  0-5°, B, R5, O, Pl
21.4'  0-5°, B, R5, PtO-t, Pl
21.7'  0-5°, B, R4, t, Pl
21.8'  0-5°, B, R5, PtO-t, Pl
21.9'  0-5°, B, R4, O, Pl
22.3'  0-5°, B, R5, PtO-t, Pl
22.4'  0-5°, B, R5, PtO-t, Pl
22.6'  0-5°, B, R4-R5, O, Pl
23.3'  0-5°, B, R5, PtO-t, Pl
24.1'  0-5°, B, R4, t, Pl
24.2'  0-5°, B, R5, PtO-t, Pl
24.6'  0-5°, B, R4, O, Pl
25.1'  0-5°, B, R5, PtO-t, Pl
25.2'  0-5°, B, R4-R5, O, Pl
25.3'  0-5°, B, R4, O, Pl
25.7'  0-5°, B, R5, PtO-t, Pl
26.1'  0-5°, B, R4-R5, O, Pl
27.2'  to 27.4'  fractured rock
27.5'  0-5°, B, R5, O, Pl
28.1'  0-5°, B, R5, PtO-t, Pl
28.7'  0-5°, B, R4, O, Pl
28.8'  0-5°, B, R5, PtO-t, Pl
28.9'  0-5°, B, R5, O, Pl
29.6'  0-5°, B, R5, PtO-t, Pl
31.0'  0-5°, B, R5, O, Pl
31.1'  0-5°, B, R5, PtO-t, Pl
31.2'  0-5°, B, R4, O, Pl
31.5'  to 32.2'  fractured rock
33.1'  0-5°, B, R4, t, Pl

1

2

3

4
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  996.1 feet MSL

Bottom Elevation: 804.1 feet MSL

Total Depth: 192.0 feet
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48.0 to 99.0'  Interbedded SANDSTONE
and SHALE
 BAREA SANDSTONE, gray, fine to
medium grained,unweathered,
moderately hard, thin bedded, moderately
to highly fractured, flat
BEDFORD SHALE, grey, very fine
grained, unweathered, soft, thinly bedded,
moderately to highly fractured, flat

Run-6 45.0' - 55.0'  26 minute run
Down Pressure = 400 psi

Run-7 55.0' - 65.0'  23 minute run
Down Pressure = 400 psi

Run-8 65.0' - 75.0'  19 minute run
Down Pressure = 400 psi

Run-9 75.0' - 80.0'  10 minute run
Down Pressure = 400 psi

2.
2

3.
2

3.
8

2.
3

2.
2

34.2'  0-5°, B, R5, PtO-t, Pl
34.3'  0-5°, B, R4, O, Pl
34.4'  0-5°, B, R4-R5, O, Pl
34.5'  0-5°, B, R5, PtO-t, Pl
35.1'  0-5°, B, R4-R5, O, Pl
35.7'  0-5°, B, R5, O, Pl
36.0'  0-5°, B, R4, t, Pl
36.1'  0-5°, B, R5, PtO-t, Pl
36.8'  0-5°, B, R4, O, Pl
36.9'  0-5°, B, R5, PtO-t, Pl
37.6'  0-5°, B, R4-R5, PtO-t, Pl
38.7'  0-5°, B, R4-R5, O, Pl
38.8'  0-5°, B, R5, PtO-t, Pl
39.3'  60°, Jt, R4-R5, O, Und
39.8'  0-5°, B, R5, PtO-t, Pl
39.9'  to 40.0'  fractured rock
40.3'  0-5°, B, R5, O, Pl
40.4'  0-5°, B, R4, O, Pl
40.9'  to 41.1'  fractured rock
41.3'  0-5°, B, R4-R5, O, Pl
41.7'  0-5°, B, R4-R5, PtO-t, Pl
41.9'  to 42.2'  fractured rock
42.8'  0-5°, B, R5, O, Pl
42.9'  0-5°, B, R4, O, Pl
43.2'  0-5°, B, R5, PtO-t, Pl
43.7'  0-5°, B, R5, O, Pl
45.2'  80°, Jt, R3-R4, O, und
45.5'  0-5°, B, R5, PtO-t, Pl
46.1'  0-5°, B, R4, t, Pl
46.2'  0-5°, B, R5, PtO-t, Pl
47.1'  0-5°, B, R4, O, Pl
47.2'  0-5°, B, R5, PtO-t, Pl
47.5'  0-5°, B, R5, PtO-t, Pl
47.6'  0-5°, B, R4-R5, O, Pl
47.8'  0-5°, B, R5, PtO-t, Pl
47.9'  0-5°, B, R4, t, Pl
48.0'  0-5°, B, R5, PtO-t, Pl
48.2'  0-5°, B, R4, O, Pl
48.4'  0-5°, B, R5, PtO-t, Pl
48.5'  0-5°, B, R4-R5, O, Pl
48.8'  0-5°, B, R5, t, Pl
48.9'  0-5°, B, R4-R5, t, Pl
49.0'  to 49.3'  fractured rock
49.5'  0-5°, B, R5, PtO-t, Pl
49.6'  0-5°, B, R4-R5, O, Pl
50.0'  0-5°, B, R4, O, Pl
50.3'  0-5°, B, R5, PtO-t, Pl
50.6'  0-5°, B, R4-R5, t, Pl
51.0'  to 51.5'  90°, Jt, R4-R5, O, Und
52.0'  0-5°, B, R4-R5, t, Pl
52.2'  0-5°, B, R4-R5, O, Pl
53.2'  to 53.9'  0-5°, 7 Bs, R4-R5, O, Pl
55.1'  0-5°, B, R4, t, Pl
55.3'  0-5°, B, R4-R5, t, Pl
55.5'  0-5°, B, R5, O, Pl
55.6'  0-5°, B, R4-R5, O, Pl
55.7'  0-5°, B, R5, PtO-t, Pl
55.9'  0-5°, B, R5, O, Pl
56.0'  to 56.3'  0-5°, 4 Bs, R4-R5, O, Pl
56.5'  0-5°, B, R5, PtO-t, Pl
56.8'  0-5°, B, R4-R5, O, Pl
56.9'  0-5°, B, R5, O, Pl
57.0'  to 57.4'  fractured rock
57.8'  0-5°, B, R5, t, Pl
57.9'  0-5°, B, R4-R5, O, Pl
58.2'  0-5°, B, R5, O, Pl
58.4'  0-5°, B, R5, PtO-t, Pl
58.6'  0-5°, B, R4, t, Pl
58.8'  0-5°, B, R5, O, Pl
59.0'  to 59.1'  fractured rock
59.2'  0-5°, B, R4, t, Pl
60.0'  to 60.1'  fractured rock
60.2'  to 60.6'  0-5°, 5 Bs, R5, O, Pl
60.8'  0-5°, B, R5, PtO-t, Pl
60.9'  0-5°, B, R4-R5, O, Pl
61.2'  0-5°, B, R5, t, Pl
61.4'  0-5°, B, R4-R5, O, Pl
61.7'  0-5°, B, R4-R5, O, Pl
62.3'  0-5°, B, R5, PtO-t, Pl
62.6'  0-5°, B, R4-R5, t, Pl
62.8'  0-5°, B, R4, t, Pl
63.2'  0-5°, B, R4-R5, PtO-t, Pl
63.5'  0-5°, B, R4, O, Pl
65.1'  0-5°, B, R5, PtO-t, Pl
66.1'  0-5°, B, R4-R5, t, Pl
66.2'  0-5°, B, R4-R5, O, Pl
66.4'  0-5°, B, R5, PtO-t, Pl
66.5'  0-5°, B, R4, t, Pl

5

6

7
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  996.1 feet MSL

Bottom Elevation: 804.1 feet MSL

Total Depth: 192.0 feet
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99.0 to 105.0'  BEDFORD SHALE, grey,
very fine grained, unweathered, soft,
thinly bedded, moderately fractured, flat

105.0 to 120.5'  BEDFORD SHALE,
grey with red bands, very fine grained,
unweathered, soft, thinly bedded,
moderately fractured, flat

Run-10 80.0' - 85.0'  10 minute run
Down Pressure = 400 psi

Run-11 85.0' - 95.0'  21 minute run
Down Pressure = 400 psi

Run-12 95.0' - 105.0'  20 minute
run
Down Pressure = 400 psi

Run-13 105.0' - 115.0'  20 minute
run
Down Pressure = 400 psi

Run-14 115.0' - 125.0'  30 minute
run
Down Pressure = 400 psi

2
2.

2
2.

2
1.

7
1.

3

66.8'  0-5°, B, R5, PtO-t, Pl
66.9'  0-5°, B, R4, O, Pl
67.2'  0-5°, B, R5, PtO-t, Pl
67.3'  0-5°, B, R4-R5, PtO-t, Pl
67.6'  0-5°, B, R5, PtO-t, Pl
67.7'  0-5°, B, R4-R5, t, Pl
68.2'  0-5°, B, R4-R5, O, Pl
68.4'  0-5°, B, R5, PtO-t, Pl
68.9'  0-5°, B, R4, t, Pl
69.5'  0-5°, B, R5, PtO-t, Pl
70.1'  to 70.2'  fractured rock
70.4'  0-5°, B, R5, PtO-t, Pl
70.6'  0-5°, B, R4-R5, O, Pl
71.7'  0-5°, B, R5, PtO-t, Pl
73.1'  0-5°, B, R4, t, Pl
73.6'  0-5°, B, R5, PtO-t, Pl
73.9'  0-5°, B, R4, O, Pl
74.2'  0-5°, B, R5, PtO-t, Pl
75.1'  0-5°, B, R4-R5, O, Pl
75.5'  0-5°, B, R4, t, Pl
75.8'  0-5°, B, R5, PtO-t, Pl
76.5'  0-5°, B, R4, O, Pl
77.4'  0-5°, B, R4-R5, O, Pl
77.6'  0-5°, B, R5, O, Pl
78.1'  0-5°, B, R4, O, Pl
78.4'  to 78.6'  fractured rock
78.9'  0-5°, B, R5, PtO-t, Pl
79.4'  0-5°, B, R4, O, Pl
79.7'  0-5°, B, R5, O, Pl
80.1'  0-5°, B, R4, t, Pl
80.4'  to 80.7'  fractured rock
81.0'  0-5°, B, R4-R5, O, Pl
81.4'  0-5°, B, R5, PtO-t, Pl
81.8'  0-5°, B, R4, O, Pl
82.4'  0-5°, B, R5, PtO-t, Pl
82.5'  0-5°, B, R4-R5, O, Pl
82.9'  0-5°, B, R5, t, Pl
83.3'  0-5°, B, R5, PtO-t, Pl
84.4'  0-5°, B, R5, t, Pl
85.9'  0-5°, B, R5, PtO-t, Pl
86.0'  0-5°, B, R5, t, Pl
86.1'  0-5°, B, R4-R5, O, Pl
86.6'  0-5°, B, R5, t, Pl
86.9'  0-5°, B, R5, PtO-t, Pl
87.1'  0-5°, B, R5, t, Pl
87.7'  0-5°, B, R5, PtO-t, Pl
88.1'  0-5°, B, R5, t, Pl
88.5'  0-5°, B, R5, PtO-t, Pl
89.2'  0-5°, B, R5, t, Pl
89.3'  0-5°, B, R4, t, Pl
89.4'  0-5°, B, R5, PtO-t, Pl
89.6'  0-5°, B, R4-R5, O, Pl
90.6'  0-5°, B, R5, t, Pl
91.1'  0-5°, B, R4-R5, O, Pl
91.6'  0-5°, B, R5, t, Pl
92.0'  0-5°, B, R4-R5, O, Pl
92.4'  0-5°, B, R5, PtO-t, Pl
92.8'  0-5°, B, R4, t, Pl
93.1'  0-5°, B, R5, PtO-t, Pl
93.6'  0-5°, B, R4, O, Pl
94.2'  0-5°, B, R5, O, Pl
95.3'  0-5°, B, R5, PtO-t, Pl
96.0'  0-5°, B, R4-R5, O, Pl
96.4'  0-5°, B, R5, PtO-t, Pl
96.6'  0-5°, B, R4, t, Pl
97.1'  0-5°, B, R5, PtO-t, Pl
97.4'  0-5°, B, R4, O, Pl
98.5'  0-5°, B, R5, PtO-t, Pl
99.1'  0-5°, B, R4-R5, PtO-t, Pl
99.7'  0-5°, B, R4-R5, O, Pl
99.8'  0-5°, B, R5, O, Pl
100.2'  0-5°, B, R5, PtO-t, Pl
100.9'  0-5°, B, R4, O, Pl
101.6'  0-5°, B, R4-R5, PtO-t, Pl
101.7'  0-5°, B, R4-R5, O, Pl
102.5'  0-5°, B, R4, O, Pl
102.8'  to 103.0'  fractured rock
103.1'  0-5°, B, R4, O, Pl
103.2'  0-5°, B, R5, PtO-t, Pl
103.9'  0-5°, B, R4-R5, O, Pl
104.0'  0-5°, B, R5, O, Pl
104.2'  0-5°, B, R4-R5, O, Pl
104.6'  0-5°, B, R5, t, Pl
105.5'  0-5°, B, R4-R5, O, Pl
106.5'  0-5°, B, R5, O, Pl
107.1'  0-5°, B, R4-R5, O, Pl
107.2'  0-5°, B, R5, PtO-t, Pl
107.5'  0-5°, B, R4, t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  996.1 feet MSL

Bottom Elevation: 804.1 feet MSL

Total Depth: 192.0 feet
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120.5 to 146.6'  BEDFORD SHALE, red,
very fine grained, unweathered, soft,
thinly bedded, moderately fractured, flat

146.6 to 150.5'  BEDFORD SHALE,
grey, very fine grained, unweathered,
soft, thinly bedded, moderately fractured,
flat

150.5 to 192.0'  OHIO SHALE black,
very fine grained, unweathered,
moderately hard, thin bedded, moderately
fractured.

Run-15 125.0' - 135.0'  20 minute
run
Down Pressure = 400 psi

Run-16 135.0' - 145.0'  20 minute
run
Down Pressure = 400 psi

Run-17 145.0' - 155.0'  29 minute
run
Down Pressure = 400 psi

Run-18 155.0' - 165.0'  24 minute
run
Down Pressure = 450 psi
39% LEL (0% after venting for 15
minutes)

1.
3

1.
9

2.
9

3.
1

1.
5

108.4'  108.5'  fractured rock
108.8'  0-5°, B, R5, PtO-t, Pl
109.2'  0-5°, B, R5, t, Pl
109.8'  0-5°, B, R5, PtO-t, Pl
109.9'  0-5°, B, R5, t, Pl
110.1'  0-5°, B, R4-R5, O, Pl
110.2'  0-5°, B, R5, t, Pl
110.8'  0-5°, B, R4-R5, PtO-t, Pl
111.1'  0-5°, B, R5, t, Pl
112.5'  0-5°, B, R5, PtO-t, Pl
113.1'  0-5°, B, R5, t, Pl
113.2'  0-5°, B, R5, O, Pl
118.6'  0-5°, B, R5, PtO-t, Pl
118.7'  0-5°, B, R4-R5, O, Pl
118.8'  0-5°, B, R5, PtO-t, Pl
119.6'  0-5°, B, R4, O, Pl
119.8'  0-5°, B, R5, PtO-t, Pl
119.9'  0-5°, B, R4, O, Pl
120.8'  0-5°, B, R5, t, Pl
121.1'  0-5°, B, R5, O, Pl
121.3'  0-5°, B, R4, t, Pl
122.7'  0-5°, B, R5, PtO-t, Pl
123.2'  0-5°, B, R4, O, Pl
124.0'  0-5°, B, R5, PtO-t, Pl
124.7'  0-5°, B, R4-R5, O, Pl
125.5'  0-5°, B, R4-R5, PtO-t, Pl
125.6'  0-5°, B, R5, t, Pl
125.7'  0-5°, B, R4, t, Pl
125.8'  0-5°, B, R5, PtO-t, Pl
125.9'  0-5°, B, R4-R5, O, Pl
126.0'  0-5°, B, R4, O, Pl
126.2'  0-5°, B, R4-R5, O, Pl
126.3'  0-5°, B, R4, O, Pl
127.1'  0-5°, B, R5, t, Pl
128.9'  0-5°, B, R4-R5, O, Pl
130.4'  60°, Jt, R4-R5, O, Pl
131.0'  0-5°, B, R4-R5, O, Pl
131.8'  0-5°, B, R5, t, Pl
132.5'  0-5°, B, R5, PtO-t, Pl
132.8'  0-5°, B, R5, t, Pl
132.9'  0-5°, B, R5, PtO-t, Pl
133.1'  0-5°, B, R5, t, Pl
133.6'  0-5°, B, R4, t, Pl
134.3'  0-5°, B, R5, PtO-t, Pl
135.4'  0-5°, B, R4-R5, O, Pl
136.2'  0-5°, B, R5, PtO-t, Pl
136.6'  0-5°, B, R4, O, Pl
137.1'  0-5°, B, R5, PtO-t, Pl
137.2'  0-5°, B, R4-R5, O, Pl
138.0'  0-5°, B, R5, t, Pl
138.7'  0-5°, B, R5, t, Pl
139.3'  0-5°, B, R4, t, Pl
139.4'  0-5°, B, R5, PtO-t, Pl
139.6'  0-5°, B, R4-R5, O, Pl
139.7'  0-5°, B, R5, O, Pl
139.8'  0-5°, B, R4-R5, O, Pl
140.0'  0-5°, B, R4, t, Pl
140.1'  140.6'  0-5°, 6 Bs, R4-R5, O, Pl
140.8'  0-5°, B, R4, t, Pl
141.1'  0-5°, B, R5, PtO-t, Pl
141.2'  0-5°, B, R4, O, Pl
141.9'  0-5°, B, R5, PtO-t, Pl
142.4'  0-5°, B, R4-R5, O, Pl
142.6'  0-5°, B, R5, O, Pl
143.0'  to 143.4'  fractured rock
143.8'  0-5°, B, R4, O, Pl
144.4'  0-5°, B, R5, PtO-t, Pl
144.6'  0-5°, B, R5, PtO-t, Pl
144.8'  0-5°, B, R5, t, Pl
145.3'  0-5°, B, R5, O, Pl
145.4'  0-5°, B, R4-R5, t, Pl
145.5'  60°, Jt, R4-R5, O, Und
145.6'  0-5°, B, R5, PtO-t, Pl
145.7'  0-5°, B, R5, t, Pl
145.9'  0-5°, B, R5, PtO-t, Pl
146.2'  0-5°, B, R5, t, Pl
146.3'  0-5°, B, R4-R5, O, Pl
146.6'  0-5°, B, R5, t, Pl
146.7'  0-5°, B, R5, PtO-t, Pl
146.8'  0-5°, B, R5, t, Pl
147.1'  0-5°, B, R5, PtO-t, Pl
147.3'  0-5°, B, R5, t, Pl
147.5'  0-5°, B, R4, t, Pl
147.6'  0-5°, B, R5, PtO-t, Pl
147.7'  0-5°, B, R4-R5, O, Pl
147.9'  0-5°, B, R5, PtO-t, Pl
148.1'  0-5°, B, R4, O, Pl
148.6'  0-5°, B, R5, PtO-t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  996.1 feet MSL

Bottom Elevation: 804.1 feet MSL

Total Depth: 192.0 feet
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End of Boring at 192.0 feet

155.0' - 165.0' Gas Meter LEL = 39

Run-19 165.0' - 175.0' 20 minute
run
Down Pressure = 500 psi

168.2' - 168.6'  UCS = 3,356 psi

Run-20 175.0' - 185.0'  20 minute
run
Down Pressure = 500 psi

Run-21 185.0' - 192.0'  15 minute
run
Down Pressure = 500 psi

1.
5

1.
9

1.
5

0.
4

148.8'  0-5°, B, R4-R5, O, Pl
148.9'  0-5°, B, R5, t, Pl
149.1'  0-5°, B, R5, t, Pl
149.4'  0-5°, B, R4, t, Pl
149.5'  0-5°, B, R5, PtO-t, Pl
150.3'  0-5°, B, R4, O, Pl
151.1'  0-5°, B, R5, PtO-t, Pl
151.6'  0-5°, B, R4-R5, O, Pl
152.9'  0-5°, B, R4-R5, PtO-t, Pl
153.5'  0-5°, B, R4-R5, O, Pl
154.3'  0-5°, B, R5, PtO-t, Pl
156.6'  0-5°, B, R4-R5, O, Pl
157.1'  0-5°, B, R5, PtO-t, Pl
157.3'  0-5°, B, R4, t, Pl
157.4'  0-5°, B, R5, PtO-t, Pl
157.9'  0-5°, B, R4, O, Pl
158.4'  0-5°, B, R5, PtO-t, Pl
158.8'  70°, Jt, R3-R4, O, Pl
159.6'  0-5°, B, R5, t, Pl
160.1'  0-5°, B, R4, O, Pl
161.1'  0-5°, B, R5, PtO-t, Pl
162.9'  0-5°, B, R4-R5, O, Pl
163.1'  0-5°, B, R5, O, Pl
163.6'  0-5°, B, R4, t, Pl
164.2'  0-5°, B, R5, PtO-t, Pl
164.7'  0-5°, B, R4-R5, O, Pl
166.2'  0-5°, B, R5, O, Pl
167.1'  0-5°, B, R4-R5, O, Pl
167.3'  0-5°, B, R5, t, Pl
168.1'  0-5°, B, R4-R5, PtO-t, Pl
168.6'  0-5°, B, R5, t, Pl
169.1'  0-5°, B, R5, PtO-t, Pl
169.2'  0-5°, B, R4, O, Pl
169.6'  0-5°, B, R5, PtO-t, Pl
169.7'  0-5°, B, R4-R5, O, Pl
169.9'  0-5°, B, R4, t, Pl
170.6'  0-5°, B, R5, PtO-t, Pl
171.2'  0-5°, B, R5, O, Pl
171.7'  0-5°, B, R5, PtO-t, Pl
172.8'  0-5°, B, R4-R5, O, Pl
173.1'  0-5°, B, R5, O, Pl
173.4'  0-5°, B, R4-R5, O, Pl
173.9'  0-5°, B, R4-R5, t, Pl
174.3'  0-5°, B, R4-R5, PtO-t, Pl
174.8'  0-5°, B, R5, t, Pl
175.2'  0-5°, B, R5, PtO-t, Pl
176.3'  0-5°, B, R4, O, Pl
177.1'  0-5°, B, R5, PtO-t, Pl
177.2'  0-5°, B, R4-R5, t, Pl
178.2'  0-5°, B, R5, O, Pl
178.7'  0-5°, B, R4-R5, O, Pl
179.0'  45°, Jt, R4-R5, O, Und
179.6'  0-5°, B, R5, O, Pl
179.9'  0-5°, B, R4-R5, t, Pl
180.1'  0-5°, B, R4, O, Pl
180.3'  45°, Jt, R4-R5, O, Und
181.6'  0-5°, B, R5, t, Pl
182.7'  0-5°, B, R4-R5, O, Pl
183.6'  0-5°, B, R4, O, Pl
184.0'  0-5°, B, R4, PtO-t, Pl
187.2'  0-5°, B, R4-R5, t, Pl

188.2'  0-5°, B, R5, O, Pl

191.2'  0-5°, B, R4, O, Pl
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Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  996.1 feet MSL

Bottom Elevation: 804.1 feet MSL

Total Depth: 192.0 feet
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120.1 to 126.9'  BEDFORD SHALE, red,
very fine grained, highly weathered, soft,
intensely fractured, thinly bedded,
argillaceous

126.9 to 131.9'  BEDFORD SHALE,
grey with red bands, very fine grained,
moderately weathered, moderately hard,
slightly fractured, thinly bedded

131.9 to 151.0'  BEDFORD SHALE,
grey, very fine grained, slightly to
moderately weathered, moderately hard,
slightly fractured, thinly bedded

151.0 to 171.9'  OHIO SHALE, black,
very fine grained, slightly weathered,
moderately hard, slightly fractured, thinly
bedded, slightly weathered joints

Refer to soil borings for details on
soil descriptions/classifications

Top of Rock @ 126.0'
Run-1 120.1' - 126.9'  24 minute
run
Down Pressure = 200 Psi
2.5' of sample lost, washed out

Run-2 126.9' - 131.9'  19 minute
run
Down Pressure = 250 Psi

Run-3 131.9' - 141.9'  70 minute
run
Down Pressure = 300 Psi

Run-4 141.9' - 146.9'  10 minute
run
Down Pressure = 0 - 100 Psi

Run-5 146.9' - 151.9'  15 minute
run
Down Pressure = 0 - 100 Psi

Run-6 151.9' - 161.9'  11 minute
run
Down Pressure = 200 Psi

N
/A

1.
0

N
/A

2.
2

0.
8

2.
0

120.1'  to 121.6'  fractured rock

121.8'  0-5°, B, R5, t, Pl
122.3'  to 122.8'  fractured rock

123.2'  0-5°, B,  R5, PtO-t, Pl
123.5'  0-5°, B, R4, t, Pl

127.2'  0-5°, B, R5, PtO-t, Pl
127.9'  0-5°, B, R4-R5, t, Pl

128.9'  0-5°, B, R3, Pt-t,Pl
129.2'  0-5°, B, R4-R5, PtO-t, Pl

130.5'  0-5°, B, R4-R5, O, Pl

131.5'  0-5°, B, R4-R5, t, Pl
131.9'  to 132.4'  0-5°, 4 Bs, R5, t, Pl
132.6'  0-5°, B, R5, PtO-t, Pl
132.9'  0-5°, B, R4, O,Pl
133.4'  0-5°, B, R4-R5, t, Pl
133.9'  0-5°, B, R4-R5, PtO-t, Pl

134.7'  0-5°, B, R4-R5, O, Pl
135.1'  0-5°, B, R5, O, Pl
135.3'  0-5°, B, R4-R5, O, Pl
135.9'  to 137.2'  fractured rock

142.1'  0-5°, B, R4, t, Pl
142.4'  0-5°, B, R3-R4, t, Pl
142.6'  0-5°, B, R4, Pt, und
143.5'  0-5°, B, R4, Pt-t, und
144.0'  0°, B, R4-R5, PtO-t, Pl
144.2'  0-5°, B, R5, t, Pl
144.4'  0°,  B, R4-R5, PtO-t, Pl
145.2'  0°, B, R5, t, Pl

146.2'  0-5°, B, R4-R5, PtO-t, Pl
146.6'  0-5°, B, R4, t, und
146.8'  0-5°, B, R3-R4, O,Pl
147.2'  0-5°, B, R3-R5, t, Pl
147.4'  0°, B, R4, Pt-t, und
148.4'  0-5°, B, R4, t, Pl

149.2'  0°, B, R4-R5, PtO-t, Pl

152.2'  0-5°, B, R5, t, Pl
152.6'  0°, B, R5, PtO-t, Pl
153.3'  0-5°, B, R4-R5, Pt-t, Pl
153.7'  0-5°, B, R4-R5, O, und
154.1'  0-5°, B, R3-R4, t, Pl

1

2

3

4

5

6
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Date Start: 5/1/18       End:  5/9/18

Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 2

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Stantec

Logged By: Paul Cichocki/Stantec

Checked By: A. Mirza

Drill Rig: CME 55 Track 1

Top Drillhole Elevation:  979.5 feet MSL

Bottom Elevation: 807.6 feet MSL

Total Depth: 171.9 feet

116

118

120

122

124

126

128

130

132

134

136

138

140

142

144

146

148

150

152

154

E
le

va
ti

o
n

,
fe

et
 M

S
L

R
Q

D
, 

%
Groundwater Depth: 1.5

864

862

860

858

856

854

852

850

848

846

844

842

840

838

836

834

832

830

828

826

R
u

n
 N

u
m

b
er

BORING NO. B-45

F
ra

ct
u

re
s 

/ 
ft

LA
K

E
 L

O
G

S
  B

W
S

T
E

_P
H

A
S

E
2_

R
O

C
K

 L
O

G
S

 (
7_

25
_2

01
9

).
G

P
J 

 K
LE

IN
F

E
LD

E
R

 L
V

 C
O

R
E

 A
P

R
06

.G
D

T
  8

/2
/1

9

16

96

27

66

60

56

63

100

53

100

100

100



End of Boring at 171.9 feet

Run-7 161.9' - 171.9'  30 minute
run
Down Pressure = 250 to 350 Psi

2.
0

1.
9

154.6'  0-5°, B, R4, PtO-t, Pl
154.8'  0-5°, B, R5, t, Pl
155.6'  0-5°, B, R4-R5, PtO-t, Pl
156.1'  0-5°, B, R4, t, Pl
156.5'  to 156.7'  90°, Jt, R3-R4, O, Und
157.2'  0-5°, B, R5, t, Pl
157.5'  0-5°, B, R5, t, Pl
158.1'  0-5°, B, R4-R5, O, und
158.6'  0-5°, B, R4-R5, PtO-t, Pl
159.2'  0-5°, B, R5, O, Pl
159.5'  0-5°, B, R4, t, Pl
160.2'  0-5°, B, R5, t, und

161.1'  0-5°, B, R5, PtO-t, Und
161.3'  0-5°, B, R3-R4, t, Pl
161.7'  0-5°, B, R3-R4, t,Pl
162.5'  0-5°, B, R4, PtO-t, und
162.8'  0-5°, B, R5, O, Pl
163.4'  0-5°, B, R5, T,Pl
163.6'  0-5°, B, R4-R5, t,Pl
163.8'  0-5°, B, R3-R4, PtO-t, Pl

165.2'  0-5°, B, R5, O, Pl
165.5'  0-5°, B, R4-R5, t, Pl
165.6'  0-5°, B, R3-R4, PtO-t, und
165.8'  0-5°, B, R4-R5, t, und
166.8'  0-5°, B, R3, PtO-t, Pl
167.2'  0-5°, B, R3-R4, t, Pl
167.7'  0-5°, B, R5, PtO-t, Pl
168.0'  0-5°, B,  R5, PtO-t, Pl
168.3'  0-5°, B, R4-R5, PtO-t, Pl
169.3'  0-5°, B, R5, PtO-t, Pl
169.6'  0-5°, Jt, R4, Pt-t, Pl

170.5'  0-5°, B, R4, t, Pl
170.9'  0-5°, B, R5, t, Pl
171.4'  0-5°, B, R5, Pt-O-O, und
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Date Start: 5/1/18       End:  5/9/18

Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 2 of 2

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: HQ

Driller: Stantec

Logged By: Paul Cichocki/Stantec

Checked By: A. Mirza

Drill Rig: CME 55 Track 1

Top Drillhole Elevation:  979.5 feet MSL

Bottom Elevation: 807.6 feet MSL

Total Depth: 171.9 feet
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52.3 to 85.5'  Interbedded BEREA
SANDSTONE and BEDFORD SHALE
(55%/45%)
BEREA SANDSTONE, grey, fine
grained, slightly to moderately weathered,
hard, thinly bedded, slightly to moderately
fractured, flat
BEDFORD SHALE, grey, very fine
grained, lightly to moderately weathered,
soft, thinly bedded, slightly to moderately
fractured, flat

85.5 to 97.5'  BEDFORD SHALE, grey
with red bands, fine grained,
unweathered to slightly weathered, soft,
thinly bedded, flat bedded

Refer to soil borings for details on
soil descriptions/characteristics

Top of Rock @ 52.3'
Run-1 52.3' - 55.5'  20 minute run
Down Pressure = 300 Psi

Run-2 55.5' - 60.5'  17 minute run
Down Pressure = 450 Psi

Run-3 60.5' - 65.5'  13 minute run
Down Pressure = 400 Psi

Run-4 65.5' - 70.5'  14 minute run
Down Pressure = 350 Psi

Run-5 70.5' - 75.5'  16 minute run
Down Pressure = 350 - 400 Psi

Run-6 75.5' - 80.5'  14 minute run
Down Pressure = 400 Psi

Run-7 80.5' - 85.5'  15 minute run
Down Pressure = 450 Psi

Run-8 85.5' - 90.5'  12 minute run
Down Pressure = 500 Psi

Run-9 90.5' - 95.5'  12 minute run
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8

53.2'  0-5°, B, R4-R5, O, Pl
53.4'  0-5°, B, R5, O, Pl
53.5'  0-5°, B, R4-R5, PtO-t, Pl
53.6'  0-5°, B, R5, t, Pl
53.7'  to 54.2'  fractured rck
55.5'  to 55.8'  fractured rock
56.0'  0-5°, B, R5, O, Pl
56.3'  to 56.6'  fractured rock
56.7'  0-5°, B, R4-R5, O, Pl
56.8'  0-5°, B, R5, t, Pl
56.9'  0-5°, B, R5, PtO-t, Pl
57.0'  0-5°, B, R4-R5, O, Pl
57.1'  0-5°, B, R5, t, Pl
57.2'  to 57.4'  fractured rock
57.6'  0-5°, B, R4-R5, O, Pl
58.1'  0-5°, B, R5, PtO-t, Pl
58.4'  0-5°, B, R5, t, Pl
58.7'  0-5°, B, R4, t, Pl
59.0'  0-5°, B, R5, PtO-t, Pl
59.3'  0-5°, B, R4-R5, O, Pl
59.5'  to 59.6'  fractured rock
60.0'  0-5°, B, R5, PtO-t, Pl
60.7'  to 60.8'  fractured rock
61.1'  0-5°, B, R4-R5, O, Pl
61.2'  0-5°, B, R5, t, Pl
61.3'  to 61.5'  fractured rock
61.4'  0-5°, B, R5, PtO-t, Pl
61.6'  0-5°, B, R4-R5, O, Pl
61.8'  0-5°, B, R5, t, Pl
61.9'  0-5°, B, R4-R5, t, Pl
62.3'  0-5°, B, R4, O, Pl
62.8'  0-5°, B, R5, t, Pl
63.2'  0-5°, B, R5, PtO-t, Pl
63.5'  0-5°, B, R4, t, Pl
64.4'  0-5°, B, R5, O, Pl
64.9'  0-5°, B, R5, PtO-t, Pl
65.5'  0-5°, B, R5, t, Pl
65.6'  0-5°, B, R5, PtO-t, Pl
65.7'  0-5°, B, R5, O, Pl
66.0'  to 66.1'  fractured rock
66.8'  0-5°, B, R5, PtO-t, Pl
66.9'  0-5°, B, R4-R5, O, Pl
67.0'  0-5°, B, R5, t, Pl
67.4'  0-5°, B, R4-R5, t, Pl
68.4'  0-5°, B, R4, O, Pl
68.6'  0-5°, B, R5, t, Pl
69.0'  0-5°, B, R5, PtO-t, Pl
69.1'  0-5°, B, R4, t, Pl
69.7'  0-5°, B, R5, O, Pl
69.8'  0-5°, B, R5, PtO-t, Pl
70.2'  0-5°, B, R5, t, Pl
72.3'  0-5°, B, R5, PtO-t, Pl
72.4'  0-5°, B, R4-R5, O, Pl
72.8'  0-5°, B, R5, t, Pl
73.7'  0-5°, B, R4-R5, t, Pl
74.8'  0-5°, B, R4, O, Pl
75.0'  0-5°, B, R5, t, Pl
75.5'  0-5°, B, R5, PtO-t, Pl
76.2'  0-5°, B, R4, t, Pl
76.7'  0-5°, B, R5, O, Pl
76.8'  0-5°, B, R5, PtO-t, Pl
77.2'  0-5°, B, R4, O, Pl
77.7'  0-5°, B, R5, t, Pl
78.9'  0-5°, B, R5, PtO-t, Pl
79.0'  0-5°, B, R4, t, Pl
80.7'  0-5°, B, R5, O, Pl
81.0'  0-5°, B, R5, PtO-t, Pl
81.4'  0-5°, B, R5, t, Pl
82.3'  0-5°, B, R4, O, Pl
82.7'  60°, Jt, R4, O, Und
83.5'  0-5°, B, R5, PtO-t, Pl
84.6'  0-5°, B, R4-R5, O, Pl
84.7'  0-5°, B, R5, t, Pl
85.3'  0-5°, B, R4-R5, t, Pl
85.5'  0-5°, B, R4, O, Pl
86.9'  0-5°, B, R5, t, Pl

87.8'  0-5°, B, R5, PtO-t, Pl

88.6'  0-5°, B, R4, t, Pl
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Date Start: 5/7/18       End:  5/10/18

Big Walnut Sewer Tunnel Extension - Phase 2

Sheet No. 1 of 3

Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  973.2 feet MSL

Bottom Elevation: 802.7 feet MSL

Total Depth: 170.5 feet
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97.5 to 117.5'  BEDFORD SHALE, red,
fine grained, unweathered to slightly
weathered, soft, thinly bedded, flat
bedded

117.5 to 128.5'  BEDFORD SHALE,
grey with red bands, fine grained,
unweathered to slightly weathered, soft,
thinly bedded, flat bedded

128.5 to 142.5'  BEDFORD SHALE,
grey, fine grained, unweathered to slightly
weathered, soft, thinly bedded, flat
bedded

Down Pressure = 500 Psi

Run-10 95.5' - 100.5'  10 minute
run
Down Pressure = 500 Psi

Run-11 100.5' - 105.5'  20 minute
run
Down Pressure = 250 - 500 Psi

Run-12 105.5' - 110.5'  15 minute
run
Down Pressure = 500 Psi

Run-13 110.5' - 115.5'  13 minute
run
Down Pressure = 400 - 500 Psi

Run-14 115.5' - 120.5'  13 minute
run
Down Pressure = 450 Psi

Run-15 120.5' - 125.5'  13 minute
run
Down Pressure = 500 Psi

Run-16 125.5' - 130.5'  9 minute
run
Down Pressure = 500 Psi

Run-17 130.5' - 135.5'  10 minute
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91.1'  0-5°, B, R5, O, Pl
91.7'  0-5°, B, R5, PtO-t, Pl
92.4'  0-5°, B, R4, O, Pl

93.3'  0-5°, B, R5, t, Pl
94.0'  60°, Jt, R4, O, Und
94.4'  0-5°, B, R4, O, Pl
94.6'  0-5°, B, R5, t, Pl
95.3'  0-5°, B, R4,O, Pl
95.5'  0-5°, B, R4, t, Pl
96.5'  0-5°, B, R5, O, Pl

97.5'  0-5°, B, R5, PtO-t, Pl
98.2'  0-5°, B, R5, PtO-t, Pl
98.4'  0-5°, B, R4-R5, O, Pl
98.7'  0-5°, B, R5, t, Pl
98.9'  0-5°, B, R4-R5, t, Pl
100.2'  0-5°, B, R4, O, Pl

101.0'  0-5°, B, R5, t, Pl
101.2'  to 101.3'  fractured rock
101.6'  0-5°, B, R5, PtO-t, Pl
101.7'  0-5°, B, R4-R5, O, Pl
102.0'  0-5°, B, R5, t, Pl
102.1'  0-5°, B, R4-R5, t, Pl
102.9'  0-5°, B, R4, O, Pl
103.0'  to 103.2'  fractured rock
104.4'  0-5°, B, R5, PtO-t, Pl
104.9'  0-5°, B, R4-R5, O, Pl

109.9'  0-5°, B, R5, t, Pl
110.6'  60°, Jt, R4, O, Und
110.9'  60°, Jt, R4, O, Und
111.4'  0-5°, B, R5, t, Pl

112.8'  0-5°, B, R4, O, Pl
113.2'  to 113.3'  fractured rock
113.9'  0-5°, B, R5, t, Pl
114.6'  0-5°, B, R5, PtO-t, Pl
114.9'  0-5°, B, R4-R5, O, Pl
115.6'  0-5°, B, R5, t, Pl
116.3'  0-5°, B, R4-R5, t, Pl

117.7'  0-5°, B, R4, O, Pl
118.1'  0-5°, B, R5, t, Pl
118.5'  0-5°, B, R5, PtO-t, Pl
118.8'  0-5°, B, R4, t, Pl
119.2'  0-5°, B, R5, O, Pl
119.4'  0-5°, B, R5, PtO-t, Pl
119.9'  0-5°, B, R4, t, Pl
120.1'  0-5°, B, R5, O, Pl
121.1'  0-5°, B, R5, PtO-t, Pl
121.4'  0-5°, B, R5, t, Pl
121.6'  0-5°, B, R5, t, Pl
121.8'  0-5°, B, R5, PtO-t, Pl
122.1'  0-5°, B, R4-R5, O, Pl
123.1'  0-5°, B, R5, t, Pl
123.9'  0-5°, B, R4-R5, t, Pl
124.5'  0-5°, B, R4, O, Pl
124.7'  0-5°, B, R5, t, Pl
125.5'  0-5°, B, R5, PtO-t, Pl
126.0'  0-5°, B, R4, t, Pl
126.3'  0-5°, B, R5, O, Pl
126.5'  0-5°, B, R5, t, Pl
127.0'  0-5°, B, R5, PtO-t, Pl
127.1'  0-5°, B, R4, t, Pl
127.8'  0-5°, B, R5, O, Pl

130.2'  0-5°, B, R4, t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  973.2 feet MSL

Bottom Elevation: 802.7 feet MSL

Total Depth: 170.5 feet

92

94

96

98

100

102

104

106

108

110

112

114

116

118

120

122

124

126

128

130

E
le

va
ti

o
n

,
fe

et
 M

S
L

R
Q

D
, 

%
Groundwater Depth: 0

882

880

878

876

874

872

870

868

866

864

862

860

858

856

854

852

850

848

846

844

R
u

n
 N

u
m

b
er

BORING NO. B-46

F
ra

ct
u

re
s 

/ 
ft

LA
K

E
 L

O
G

S
  B

W
S

T
E

_P
H

A
S

E
2_

R
O

C
K

 L
O

G
S

 (
7_

25
_2

01
9

).
G

P
J 

 K
LE

IN
F

E
LD

E
R

 L
V

 C
O

R
E

 A
P

R
06

.G
D

T
  8

/2
/1

9

70

76

45

87

77

34

66

78

99

100

99

100

100

100

100

100

100

99



142.5 to 170.5'  OHIO SHALE, black,
fine grained, unweathered, soft to
moderately hard, thinly bedded, slightly
fractured, flat bedded, fresh fractures.

End of Boring at 170.5 feet

run
Down Pressure = 500 Psi

Run-18 135.5' - 140.5'  10 minute
run
Down Pressure = 500 Psi

Run-19 140.5' - 145.5'  10 minute
run
Down Pressure = 500 Psi

Run-20 145.5' - 150.5'  7 minute
run
Down Pressure = 550 Psi

148.8' - 149.2'  UCS = 3,544 Psi

Run-21 150.5' - 155.5'  8 minute
run
Down Pressure = 550 Psi

Run-22 155.5' - 160.5'  10 minute
run
Down Pressure = 500 - 600 Psi

Run-23 160.5' - 165.5'  8 minute
run
Down Pressure = 500 Psi

Run-24 165.5' - 170.5'  7 minute
run
Down Pressure = 500 Psi

1
1.

2
1

2.
2

1.
2

1.
2

1
1.

2

131.3'  0-5°, B, R5, O, Pl
131.5'  0-5°, B, R4, O, Pl
132.4'  0-5°, B, R5, t, Pl
133.1'  0-5°, B, R5, PtO-t, Pl

134.4'  0-5°, B, R4, t, Pl

135.9'  0-5°, B, R5, O, Pl

136.8'  0-5°, B, R5, PtO-t, Pl

137.6'  0-5°, B, R5, PtO-t, Pl
138.1'  0-5°, B, R4, O, Pl

139.5'  0-5°, B, R5, t, Pl

140.3'  0-5°, B, R4, t, Pl
140.5'  0-5°, B, R5, O, Pl
141.3'  0-5°, B, R5, t, Pl
142.0'  0-5°, B, R5, PtO-t, Pl

144.4'  0-5°, B, R5, t, Pl

145.4'  0-5°, B, R5, PtO-t, Pl
145.8'  0-5°, B, R5, t, Pl

147.0'  0-5°, B, R4-R5, t, Pl
147.2'  0-5°, B, R4, O, Pl
147.5'  0-5°, B, R5, t, Pl
147.6'  0-5°, B, R5, PtO-t, Pl
147.7'  0-5°, B, R4, t, Pl
148.0'  0-5°, B, R5, O, Pl
148.6'  0-5°, B, R5, PtO-t, Pl
149.4'  0-5°, B, R4, O, Pl
149.5'  0-5°, B, R4-R5, t, Pl
150.0'  0-5°, B, R4, O, Pl
150.7'  0-5°, B, R5, t, Pl
151.6'  0-5°, B, R5, PtO-t, Pl
151.9'  0-5°, B, R5, t, Pl
153.1'  0-5°, B, R5, PtO-t, Pl
153.8'  45°, Jt, R4, O, Und

154.6'  60°, Jt, R4, O, Und

157.1'  0-5°, B, R5, PtO-t, Pl
157.6'  0-5°, B, R5, t, Pl
158.0'  0-5°, B, R4-R5, t, Pl
158.6'  0-5°, B, R4, O, Pl

159.4'  0-5°, B, R5, t, Pl
159.6'  0-5°, B, R5, PtO-t, Pl
160.3'  to 160.5'  fractured rock

161.4'  0-5°, B, R5, PtO-t, Pl
161.9'  0-5°, B, R5, t, Pl
162.6'  0-5°, B, R4-R5, t, Pl

163.6'  0-5°, B, R4, O, Pl
164.1'  0-5°, B, R5, t, Pl

165.6'  0-5°, B, R5, PtO-t, Pl
165.7'  0-5°, B, R4, t, Pl
166.1'  0-5°, B, R5, O, Pl
166.6'  0-5°, B, R5, PtO-t, Pl

168.3'  0-5°, B, R4, O, Pl
168.6'  0-5°, B, R4-R5, t, Pl
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Geologic Classification
 and Physical Description

Discontinuity Description Comments

Project No. 173409058

Core Size: NQ

Driller: Rii/ S.P

Logged By: John Ristow/AECOM

Checked By: B. Madras Natarajan

Drill Rig: CME 45 Truck \00

Top Drillhole Elevation:  973.2 feet MSL

Bottom Elevation: 802.7 feet MSL

Total Depth: 170.5 feet
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0.0 to 4.7'  SEE SOIL DESCRIPTIONS
ON SOIL LOG

4.7 to 6.3'  SANDSTONE; BROWN
AND GRAY, WEATHERED, BROKEN
FRAGMENTS, VERY MOIST.
6.3 to 48.3'  BEREA SANDSTONE,
BROWN TO GRAY, HIGHLY
WEATHERED TO UNWEATHERED,
MEDIUM HARD TO VERY HARD, VERY
FINE GRAINED TO FINE GRAINED,
VERY THIN TO THIN BEDDED (WAVY
TO PARALLEL PLANAR), HIGHLY
JOINTED, INTENSELY FRACTURED
TO HIGHLY FRACTURED, TIGHT TO
MODERATELY WIDE APERATURE,
SLIGHTLY ROUGH TO VERY ROUGH,
SILTY.
7.4'  CLAY SEAM (3.0")
11.4'  COLOR CHANGES TO GRAY
11.6'  CLAY SEAM (2.0")
12.0'  CLAY SEAM (0.5")
12.4'  TO 13.9' - FE STAINING IN
JOINTS

16.1'  CLAY SEAM (0.1")
16.3'  CLAY SEAM (0.25")

20.3'  TO 21.3' TRACE SHALE LAMINAE

23.6'  , 23.8', 24.2', 24.4' SLIGHTLY
ANGLED JOINTS WITH TRACE CLAY

27.8'  BIOTURBATED SHALE SEAM

32.8'  TOTAL LOSS OF WATER
PRESSURE, CORE BIT FELL OFF,
PULLED TOOLING TO RETRIEVE

38.1'  BIOTURBATED SHALE SEAM

6.4'  to 6.8', 0-5°, 4 Jts, R2-R4, t-MW, Pl,
Fe
6.9'  to 7.0', 5-10°, 3 Jts, R2-R4, PtO-MW,
Pl, Fe
7.2'  0-5°, J, R3, PtO, Pl, Fe
7.3'  0-5°, J, R3, PtO, Pl, Fe
7.4'  to 7.7', clay seam
7.7'  5-10°, J, R2, O-MW, Pl, Fe
7.8'  5-10°, J, R2, O-MW, Pl, Fe
7.9'  to 9.2', 0-5°, 13 Jts, R3, MW, W, Fe
9.5'  to 9.6', rubbilized
9.6'  to 41.5', 5-10°, 2 Jts, R4, PtO-O, Pl,
Fe
10.4'  0-5°, 2 Jts, R4, PtO, Pl, Fe
10.6'  0-5°, 2 Jts, R3, PtO-O, W, Fe
10.9'  0-5°, J, R2, O, MW, Fe
11.3'  0-5°, J, R2, O, MW, Fe
11.6'  to 11.8', clay seam
12.0'  to 12.1', clay seam
12.5'  to 13.8', 0-5° 6 Jts, R4, t-PtO, Und,
Fe
14.4'  0-5°, J, R3, O, Und
14.9'  0-5°, J, R3, O, Und
15.4'  to 15.8' vertical fracture (Mech?)
15.9'  0-5°, J, R3, O, Und
16.1'  0-5°, J, R4, O, Pl, Cl
16.3'  0.25" clay seam
16.8'  0-5°, J, R3, O, Und
19.4'  0-5°, J, R2, O, Pl

20.9'  Mech.

22.2'  0-5°, 2 Jts, R3, O, Pl

23.6'  10-15°, J, R4, PtO, Pl, Cl
23.7'  10-15°, J, R4, PtO, Pl, Cl
23.8'  10-15°, J, R4, PtO, Pl, Cl
24.2'  10-15°, J, R4, PtO, Pl, Cl
24.4'  10-15°, J, R4, PtO, W, Cl
24.5'  0-5°, J, R4, PtO, W
25.5'  0-5°, J, R4, PtO, Pl

27.7'  0-5°, J, R3, O, Pl, Cl
27.8'  0-5°, J, R3, O, Pl
27.9'  ground
28.1'  to 29.2', 0-5°, 6 Jts, R4, O, Pl

30.7'  0-5°, B, R2, MW, Pl
30.8'  0-5°, B, R4, MW, Pl
31.8'  Mech.

33.0'  0-5°, J, R4-R5, O, Pl
33.1'  0-5°, J, R4-R5, O, Pl

34.4'  shale stringer
34.7'  0-5°, J, R2, O, Pl (Mech?)

36.7'  ground
37.3'  0-5°, 2 Jts, R4-R5, PtO, Pl
38.1'  0-5°, J, R4-R5, O, Pl
38.3'  0-5°, J, R4-R5, O, Pl, Cl
39.4'  0-5°, B, R5, PtO, Pl

Refer to soil borings for details on
soil descriptions/characteristics

TOP OF ROCK @ 4.7'

Run-1 6.3' - 10.3'
Down Pressure = 350 psi

Run-2 10.3' - 15.3'
Down Pressure = 350 psi

Run-3 15.3' - 20.3'
Down Pressure = 350 psi

Run-4 20.3' - 25.3'
Down Pressure = 350 psi

PID = no gas

Run-5 25.3' - 30.3'
Down Pressure = 350 psi

Run-6 30.3' - 35.3'
Down Pressure = 350 psi

Run-7 35.3' - 40.3'
Down Pressure = 350 psi

Drill Rig: CME 55 Truck
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Driller: RII/J. Webb
Logged By: RII/N.C.&J.K.

Checked By: Stantec/M.Barga
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Bottom Elevation: 810.5 feet MSL
Date Start: 5/6/19       End:  5/17/19

Surface Elevation:  996.3 feet MSL
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Coordinates: N 768800.4   E 1867981.9

Comments

Project No. 173409058

Core Size: HQ3WL

Location: Tunnel Alignment

Total Depth: 185.8 feet
Prepared By: RII/C.Straub

Big Walnut Sewer Tunnel Extension - Phase 2

Orientation: Vertical
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40.0'  CLAY SEAM (0.5")

42.3'  TO 44.0' - BIOTURBATED ZONE,
SHALEY

45.3'  INCREASING SHALE LAMINAE
THROUGHOUT

48.3 to 71.9'  BEREA-INTERBEDDED
SANDSTONE/SHALE/SILTSTONE;
SANDSTONE, GRAY,
UNWEATHERED, HARD TO VERY
HARD, VERY FINE GRAVINE/SILTY,
VERY THIN TO MEDIUM BEDDED
(PLANAR TO LENTICULAR),
INTENSELY FRACTURED TO
MODERATELY FRACTURED, VERY
NARROW TO MODERATELY WIDE,
SMOOTH TO VERY ROUGH,
BLOCKY/DISTURBED/SEAMY, POOR
TO FAIR.
SHALE, DARK GRAY TO BLACK,
UNWEATHERED, VERY SOFT TO
HARD, LAMINATED TO MEDIUM
BEDDED (PLANAR TO LENTICULAR,
FISSILE), INTENSELY TO
MODERATELY FRACTURED, TIGHT
TO NARROW, SMOOTH TO SLIGHTLY
ROUGH, BLOCKY/DISTURBED/SEAMY,
POOR TO FAIR.
SILTSTONE, GRAY, UNWEATHERED,
MEDIUM HARD TO HARD, VERY FINE
GRAINED, LAMINATED TO THIN
BEDDED (PLANAR TO LENTICULAR),
INTENSELY TO MODERATELY
FRACTURED, VERY NARROW TO
MODERATELY WIDE, SMOOTH TO
VERY ROUGH,
BLOCKY/DISTURBED/SEAMY, POOR
TO FAIR.
61.3'  TO 70.3' - TRACE BIOTURBATED
LENSES, SILTSTONE INCLUSIONS

70.3'  BECOMING INCREASINGLY
SHALEY

71.9 to 102.4'  BEREA/BEDFORD
SHALE, GRAY, UNWEATHERED,
SOFT TO MEDIUM HARD, VERY FINE
GRAINED, THIN TO THICK BEDDING,
(PLANAR), HIGHLY TO MOEDERATELY
FRACTURED, VERY NARROW TO
MODERATELY WIDE APERATURES,
SMOOTH TO SLIGHTLY ROUGH,
BLOCKY/DISTURBED/SEAMY, POOR
TO FAIR, TRACE SILTSTONE AND
SANDSTONE LAMINAE
THROUGHOUT.
77.3'  -HQ-15 -
SANDSTONE/SILTSTONE LAMINAE
THROUGHOUT

39.6'  0-5°, B, R5, PtO, Pl
40.0'  0.5" clay seam
40.1'  Mech.
40.2'  Mech.
41.8'  0-5°, J, R4-R5, PtO, Und-Pl,

42.7'  15-20°, J, R5, t-PtO, Und,
bioturbated
43.1'  15-20o, J, R5, t-PtO, Und,
bioturbated
43.4'  to 44.0', soft shaley/clayey
bioturbated zone
44.5'  Mech.
45.1'  0-5°, J, R4, PtO, Pl, 0.25" clay seam
45.4'  0-5°, B, R2, O-MW, Pl, shale frags.
45.7'  0-5°, J, R3, O, Pl, Cl
47.1'  0-5°, B, R3, O, Pl, Cl

48.1'  0-5°, B, R3, O, Pl, Cl
48.3'  0-5°, B, R3, O, Pl, Cl
48.4'  0-5°, B, R3, O, Pl, shale frags
48.7'  to 49.4', shale laminae
49.9'  0-5°, 2 Bs, R4, PtO, Pl, Cl
50.6'  0-5°, 2 Bs, R4, PtO, Pl
51.3'  0-5°, B, R4, PtO, Pl

52.7'  0-5°, B, R2, MW, W, shale frags.

53.8'  0-5°, B, R5, O-MW, Pl
54.2'  to 54.3' vertical healed joint

56.5'  0-5°, B, R5, O-MW, Pl
57.1'  Mech.
57.2'  0-5°, B, R4, PtO, Pl
57.4'  0-5°, B, R3, O-MW, Pl
57.5'  0-5°, B, R2, MW, Und
57.6'  0-5°, B, R4, O, Pl
57.7'  0-5°, B, R4, O, Pl
57.8'  0-5°, B, R4, O, Pl
58.1'  0-5°, B, R3, O, Pl
58.2'  0-5°, B, R3, PtO-O, Pl
58.3'  0-5°, B, R3, PtO-O, Pl
58.6'  0-5°, B, R3, PtO-O, Pl
58.9'  0-5°, B, R3, PtO-O, Pl
59.2'  0-5°, B, R3, PtO-O, Pl
59.3'  0-5°, B, R3, PtO-O, Pl
59.5'  0-5°, B, R3, PtO-O, Pl
59.6'  0-5°, B, R3, PtO-O, Pl
59.9'  0-5°, B, R3, PtO-O, Pl
60.2'  0-5°, B, R3, PtO-O, Pl
60.3'  ground
60.8'  0-5°, B, R3, PtO, Pl
61.5'  0-5°, B, R4, PtO, Pl
62.0'  ground
62.4'  0-5°, B, R3-R4, PtO, Pl
62.8'  0-5°, B, R3-R4, PtO, Pl
63.1'  0-5°, 2 Bs, R3-R4, PtO, Pl
63.7'  0-5°, B, R3-R4, PtO, Pl
65.1'  0-5°, B, R2, O, Pl
65.9'  0-5°, B, R4, PtO, Pl
66.0'  0-5°, B, R2, O, Und
66.6'  0-5°, B, R4, PtO, Pl
68.1'  0-5°, B, R3, PtO, Pl
68.4'  0-5°, B, R3, PtO, Pl
69.3'  0-5°, B, R2, O, Pl
69.4'  0-5°, B, R2, O, Pl
70.9'  0-5°, B, R4, PtO, Pl
71.4'  0-5°, B, R3, PtO-O, Pl
72.3'  bioturbated/possible polished
surface?
72.7'  0-5°, B, R4, PtO, Pl
74.2'  bioturbated/possible polished
surface?

76.3'  to 76.4', healed undulated, possible
polished?
76.6'  0-5°, B, R4, PtO, Pl

Run-8 40.3' - 45.3'
Down Pressure = 350 psi

Run-9 45.3' - 50.3'
Down Pressure = 350 psi

Run-10 50.3' - 55.3'
Down Pressure = 400 psi

Run-11 55.3' - 60.3'
Down Pressure = 400 psi

PID = no gas

Run-12 60.3' - 65.3'
Down Pressure = 400 psi

Run-13 65.3' - 70.3'
Down Pressure = 400 psi

Run-14 70.3' - 75.3'
Down Pressure = 400 psi

Run-15 75.3' - 80.3'
Down Pressure = 400 psi
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80.3'  -HQ-16:  DECREASING
SILTSTONE/SANDSTONE LAMINAE

84.0'  SHALE SHOWING SOME MINOR
PITTING FROM CORING?  WEAKER
ZONE

93.0'   -HQ-18 - VERY MINOR/TRACE
SANDSTONE/SILTSTONE LAMINAE
PRESENT

102.4 to 162.3'  BEDFORD SHALE,
DARK GRAY AND RED,
UNWEATHERED, SOFT TO HARD,
VERY FINE GRAINED, MEDIUM TO
THICK BEDDING (PLANAR TO WAVY),
SLIGHTLY FRACTURED, VERY
NARROW TO MEDERATELY WIDE
APERATURE, SLIGHTLY ROUGN TO
ROUGH, LAMINATED/SHEARED TO
BLOCKY/DISTURBED/SEAMY, FAIR.

107.4'  STARTING TO SHOW RED
BANDING

115.3'  INCREASINGLY RED IN COLOR

80.9'  0-5°, B, R4, PtO, Pl

83.3'  0-5°, B, R2, O, Pl

85.7'  0-5°, B, R4, PtO, Pl

88.5'  0-5°, B, R4, PtO, Pl

90.8'  5-10°, B, R3, PtO-O, Und

92.1'  0-5°, B, R4, PtO, Pl

93.0'  0-5°, B, R4, PtO, Pl

97.2'  0-5°, B, R4, PtO, Pl
97.7'  0-5°, B, R4, PtO, Pl

105.8'  0-5°, J, R4, PtO, Pl
106.0'  0-5°, J, R4, PtO, Pl
106.8'  0-5°, J, R2, O, Und
106.9'  5-10°, J, R4, O, Pl
107.3'  0-5°, J, R3, O, Pl

108.7'  0-5°, J, R4, O, Und

110.2'  0-5°, 2 Jts, R2, O, Pl

111.7'  5-10°, J, R4-R5, T, Pl

113.0'  0-5°, J, R4, PtO, Pl
113.8'  0-5°, J, R2, O-MW, Pl
113.9'  5-10°, J, R3, PtO-O, Pl
114.1'  0-5°, J, R4, PtO-O, Pl
115.0'  broken from shoe
115.7'  0-5°, J, R4, PtO, Pl

119.3'  0-5°, J, R4, PtO, Pl

Run-16 80.3' - 85.3'
Down Pressure = 400 psi

Run-17 85.3' - 90.3'
Down Pressure = 400 psi

Run-18 90.3' - 95.3'
Down Pressure = 400 psi

Run-19 95.3' - 100.3'
Down Pressure = 400 psi

PID = no gas

Run-20 100.3' - 105.3'
Down Pressure = 400 psi

Run-21 105.3' - 110.3'
Down Pressure = 400 psi
15 minute run

Run-22 110.3' - 115.3'
Down Pressure = 400 psi
20 minute run

Run-23 115.3' - 120.3'
Down Pressure = 400 psi
20 minute run
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120.3'  ROCK IS BREAKING AT 20-40
DEGREE ANGLES (MECHANICALLY)

122.5'  TO 138.8' - RED IN COLOR,
MORE LIKE CLAYSHALE (LESS
FISSILE)

140.3'  RECOVERED ENTIRE RUN
(HQ-28) INTACT, COLOR CHANGES
BACK TO GRAY WITH TRACE RED
BANDS

148.3'  HQ-30 RECOVERED ENTIRE
RUN INTACT

150.3'  MINOR PITTING FROM CORING
PROCESS?  WEAKER SHALE

157.8'  AND 158.1' - LIGHT BROWNISH
GRAY BANDS (SILTSTONE SEAMS)

124.4'  10-15°, J, R4, PtO, Pl
125.1'  broken from shoe
125.8'  0-5°, J, R3, MW, Pl
125.9'  0-5°, J, R3, MW, Pl
127.1'  0-5°, J, R4, PtO, Pl
127.3'  0-5°, J, R4, PtO-O, Pl
127.4'  0-5°, 2 Jts, R4, PtO-O, Pl

136.5'  0-5°, J, R3, PtO-O, Pl

139.1'  0-5°, J, R3, PtO-O, Pl
139.2'  0-5°, J, R3, PtO-O, Pl, Cl

154.1'  0-5°, J, R3, t-PtO, Und

Run-24 120.3' - 125.3'
Down Pressure = 400 psi
19 minute run

Run-25 125.3' - 130.3'
Down Pressure = 400 psi
17 minute run

Run-26 130.3' - 135.3'
Down Pressure = 400 psi
18 minute run

Run-27 135.3' - 140.3'
Down Pressure = 400 psi
19 minute run

PID = no gas

Run-28 140.3' - 145.6'
Down Pressure = 400 psi
22 minute run

Run-29 145.6' - 148.3'
Down Pressure = 400 psi
15 minute run

Run-30 148.3' - 150.3'
Down Pressure = 400 psi
12 minute run

Run-31 150.3' - 155.6'
Down Pressure = 400 psi
21 minute run

Run-32 155.6' - 160.8'
Down Pressure = 400 psi
23 minute run
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160.5'  LIGHT GRAY SILTSTONE SEAM

162.3 to 185.8'  OHIO SHALE, BLACK,
UNWEATHERED, MEDIUM HARD TO
HARD, VERY FINE GRAINED/CLAYEY,
MEDIUM TO THICK BEDDED (PLANAR,
FISSILE), SLIGHTLY FRACTURED,
VERY NARROW, SLIGHLY ROUGH,
VERY BLOCKY, FAIR,
CARBONACEOUS, PYRITIC.

172.1'  PYRITE NODULE

177.9'  PYRITE NODULE

End of Boring at 185.8 feet

177.4'  ground

181.2'  ground

185.0'  0-5°, J, R5, W, Pl

Run-33 160.8' - 166.1'
Down Pressure = 400 psi
26 minute run

Run-34 166.1' - 171.2'
Down Pressure = 400 psi
20 minute run

PID = no gas

Run-35 171.2' - 175.7'
Down Pressure = 400 psi
14 minute run

Run-36 175.7' - 180.7'
Down Pressure = 400 psi
17 minute run

Run-37 180.7' - 185.8'
Down Pressure = 400 psi
23 minute run
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B.2 PHASE 1 EXPLORATION LOGS
        (Big Walnut Sanitary Trunk
                          Extension Phase I)





















































Page 1 of 7
Dodson-Stilson Project:  Big Walnut Sanitary Trunk Sewer LOG of BORING: FTB-22
Driller: L. Hull Location:  N 770321.5  E 1869158.9
Geologist: K. Walden Client: City of Columbus Job No. 9821-6051.00
Drill Equip: Mobile B-59 Sampler: 2" split spoon Hammer Wt:  140 lbs. Date Started: 11/19/2001
Size & Type Core Barrel: NQ2 wireline Hammer Drop: 30 in. Date Finished: 11/26/2001

WATER LEVELS GRADATION LAB RESULTS
Date Depth to Water Bot. of Casing Bot. of Hole AND REMARKS

11/19/01 DRY 4' 4' Liquid Limit, LL
11/20/01 9.0' 58' 58' Plasticity Index, PI
11/21/01 8.5' 90' 90' Water Content, W (%)

 WATER REMARKS:
No Piezometer installed at completion.

 D
ep

th
 (f

t)

 E
le

v.
 (f

t)

DESCRIPTION
0 991.2

0.4 990.8 Topsoil - 5"

Stiff brown and gray SILTY CLAY (CL), some 2 1A
fine to coarse sand, trace to little gravel; 3 1B
damp. 12 13"

4.0 987.2 50/3 3" 2
Hard, light gray SANDSTONE, fine grained,

5 moderately to highly weathered, broken to
very broken (BEREA SANDSTONE).
Typical fractures: a:0º-5º; b:J; c:VN-N; TK MW
d:Fe; e:Su-Pa; f:Pl; g:S-SR. 0% 100% 1 1:15 to to H J >5 300

60" M HW

H2S = 0 ppm; 
LEL = 0%; WL = 0%

10 >5
@ 10.9' - 12.4', very thin, dark gray
micaceous argillaceous laminae. >5
@ 11.5', broken.
@ 11.7'-12.0', a:90º; b:J; c:T; d:H; e:Fi; f:Pl. >5

TK MW
@ 13.0', a:0º; b:J; c:N; d:Cl; e:Fi; f:Pl. % 100% 2 1:20 to to H J 3 300
@ 13.5'-13.7', a:90º; b:J; c:T; d:H; e:Fi; f:Pl. 108" M HW

2

15 3

3
@ 16.1'-16.5', a:90º; b:J; c:T; d:H; e:Fi; f:Pl.

3
H2S = 0 ppm; 

2 LEL = 0%; WL = 0%

>5
@ 19.3'; Typical fractures: a:0º-5º; b:J;

20 c:VN-N; d:No; e:No; f:Pl; g:S-SR. 3
TK MW

73% 100% 3 1:00 to to H J >5 300
120" M HW

1

4

>5

25 4
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Dodson-Stilson Project:  Big Walnut Sanitary Trunk Sewer LOG of BORING: FTB-22
Driller: L. Hull Location:  N 770321.5  E 1869158.9
Geologist: K. Walden Client: City of Columbus Job No. 9821-6051.00
Drill Equip: Mobile B-59 Sampler: 2" split spoon Hammer Wt:  140 lbs. Date Started: 11/19/2001
Size & Type Core Barrel: NQ2 wireline Hammer Drop: 30 in. Date Finished: 11/26/2001

WATER LEVELS GRADATION LAB RESULTS
Date Depth to Water Bot. of Casing Bot. of Hole AND REMARKS

11/19/01 DRY 4' 4' Liquid Limit, LL
11/20/01 9.0' 58' 58' Plasticity Index, PI
11/21/01 8.5' 90' 90' Water Content, W (%)

 WATER REMARKS:
No Piezometer installed at completion.
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25 966.2
Hard, light gray SANDSTONE, fine-grained,
moderately to highly weathered, contains TK MW 0
dark gray argillaceous laminae 73% 100% 3 1:00 to to H --- 300
(BEREA SANDSTONE). 120" M HW 0
Typical fractures: a:0º-5º; b:J; H2S = 0 ppm; 
c:VN-N; d:No; e:No; f:Pl; g:S-SR. J 3 LEL = 0%; WL = 0%
@ 25.5' - 25.9', clay seam.
@ 28.5', a:0º; b:B; c:N; d:No; e:No; f:Pl. 0
@ 28.5', thin clay seam.

30 3

@ 30.5' - 30.7', thin decomposed seam. 1
TK MW

52% 98% 4 0:56 to to H J 3 300
@ 32.3' - 32.6', clay seam. 120" M HW

0
@ 33.5' - 33.7', clay seam.

0
@ 34.1' - 34.3', turbidite deposit.

35 @ 34.5' -34.3', clay seam. 1
@ 35.5'-36', a:90º; b:J; c:N; d:Cl; e:Fi; f:Pl.

0
@ 36.0' - 37.1', clay seam.

4
H2S = 0 ppm; 

2 LEL = 0%; WL = 0%

3
TK MW

40 @ 39.8', a:0º; b:J; c:N; d:Cl; e:Fi; f:Pl. to to H 1
M HW

@ 41.0', a:0º; b:J; c:N; d:Cl; e:Fi; f:Pl. 2
@ 41.1', a:0º; b:J; c:N; d:Cl; e:Fi; f:Pl.
@ 41.2', dark gray shale seam. 0

42.8 948.4 39% 92% 5 1:00 J 300
Medium hard to hard, dark gray SHALE, 120" 0 Core is highly broken
interbedded with light gray SANDSTONE, with mechanical
fine-grained, moderately weathered 1 breaks.
(BEDFORD SHALE).

45 TH MW MH 1
@ 45.4', thin clay seam.
@ 45.8', 2 fractures: a:0º; b:J; c:N; d:Cl; e:Pa; 2
f:Pl.
@ 46.1', a:0º; b:J; c:N; d:Cl; e:Fi; f:Pl. 1

H2S = 0 ppm; 
@ 47.6' - 48.0', light gray sandstone seam. 0 LEL = 0%; WL = 0%

42% 95% 6 1:24 TH MW MH --- 0 300
50 120"
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Dodson-Stilson Project:  Big Walnut Sanitary Trunk Sewer LOG of BORING: FTB-22
Driller: L. Hull Location:  N 770321.5  E 1869158.9
Geologist: K. Walden Client: City of Columbus Job No. 9821-6051.00
Drill Equip: Mobile B-59 Sampler: 2" split spoon Hammer Wt:  140 lbs. Date Started: 11/19/2001
Size & Type Core Barrel: NQ2 wireline Hammer Drop: 30 in. Date Finished: 11/26/2001

WATER LEVELS GRADATION LAB RESULTS
Date Depth to Water Bot. of Casing Bot. of Hole AND REMARKS

11/19/01 DRY 4' 4' Liquid Limit, LL
11/20/01 9.0' 58' 58' Plasticity Index, PI
11/21/01 8.5' 90' 90' Water Content, W (%)

 WATER REMARKS:
No Piezometer installed at completion.
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50 941.2
Medium hard to hard dark gray SHALE, Core is highly broken
interbedded with light gray SANDSTONE, with mechanical
fine-grained, moderately weathered breaks.
(BEDFORD SHALE). B 0

42% 95% 6 1:24 TH MW MH 300
@ 54.0' - 54.8', light gray SANDSTONE bed. 120"

55 @ 54.8', a:0º; b:J; c:N; d:Cl; e:Fi; f:Pl. J 1
@ 54.8' - 55.4', light gray SILTSTONE bed.

B 0
H2S = 0 ppm; 
LEL = 0%; WL = 0%

28% 71% 7 NR TH MW MH J >5 300
60 24"

1 Core is highly broken
@ 61'-61.7', a:70º; b:J; c:N; d:Cl; e:Su; f:Pl. with mechanical

0 breaks.

@ 63.0', a:0º; b:J; c:N; d:Cl; e:Pa; f:Pl. J 2

@ 63.8', a:0º; b:J; c:N; d:Cl; e:Pa; f:Pl. 1
@ 64.2', a:0º; b:J; c:N; d:Cl; e:Pa; f:Pl.

65 28% 92% 8 1:51 TH MW MH 0 300
120"

1
@ 66.5', a:0º; b:J; c:N; d:Cl; e:Pa; f:Pl.

@ 67.3', SANDSTONE interbeds not evident.
B 0

H2S = 0 ppm; 
70 LEL = 0%; WL = 0%

Core is highly broken
with mechanical
breaks.

37% 92% 9 1:36 TH MW MH B 0 300
120"

@ 73.8', 0.1' clay/decomposed shale seam.

75 @ 74.8', thin clay seam.
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Dodson-Stilson Project:  Big Walnut Sanitary Trunk Sewer LOG of BORING: FTB-22
Driller: L. Hull Location:  N 770321.5  E 1869158.9
Geologist: K. Walden Client: City of Columbus Job No. 9821-6051.00
Drill Equip: Mobile B-59 Sampler: 2" split spoon Hammer Wt:  140 lbs. Date Started: 11/19/2001
Size & Type Core Barrel: NQ2 wireline Hammer Drop: 30 in. Date Finished: 11/26/2001

WATER LEVELS GRADATION LAB RESULTS
Date Depth to Water Bot. of Casing Bot. of Hole AND REMARKS

11/19/01 DRY 4' 4' Liquid Limit, LL
11/20/01 9.0' 58' 58' Plasticity Index, PI
11/21/01 8.5' 90' 90' Water Content, W (%)

 WATER REMARKS:
No Piezometer installed at completion.
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75 916.2
Medium hard dark gray SHALE, moderately
weathered, occasional sandstone clast B 0
evident (BEDFORD SHALE). B
@ 76.1', thin clay seam. J 1
@ 76.8', a:40º; b:J; c:N; d:Cl; e:Pa; f:Pl. 37% 92% 9 1:36 TH MW MH 300

120"
B 0

H2S = 0 ppm; 
80 @ 80.0', a:0º; b:J; c:N; d:Cl; e:Pa; f:Pl. LEL = 0%; WL = 0%

Core is highly broken
J 1 with mechanical

breaks.

46% 95% 10 2:06 TH MW MH B 0 300
85 120"

@ 86.0', a:60º; b:J; c:N; d:Cl; e:Sp; f:St. J 1

J 1

B 0
@ 88.6', a:60º; b:J; c:N; d:Cl; e:Sp; f:St.

J 1
H2S = 0 ppm; 

90 B 0 LEL = 0%; WL = 0%
Core is highly broken
with mechanical
breaks.

83% 98% 11 2:06 TH MW MH B 0 300
95 120"

H2S = 0 ppm; 
100 LEL = 0%; WL = 0%



Page 5 of 7
Dodson-Stilson Project:  Big Walnut Sanitary Trunk Sewer LOG of BORING: FTB-22
Driller: L. Hull Location:  N 770321.5  E 1869158.9
Geologist: K. Walden Client: City of Columbus Job No. 9821-6051.00
Drill Equip: Mobile B-59 Sampler: 2" split spoon Hammer Wt:  140 lbs. Date Started: 11/19/2001
Size & Type Core Barrel: NQ2 wireline Hammer Drop: 30 in. Date Finished: 11/26/2001

WATER LEVELS GRADATION LAB RESULTS
Date Depth to Water Bot. of Casing Bot. of Hole AND REMARKS

11/19/01 DRY 4' 4' Liquid Limit, LL
11/20/01 9.0' 58' 58' Plasticity Index, PI
11/21/01 8.5' 90' 90' Water Content, W (%)

 WATER REMARKS:
No Piezometer installed at completion.
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100 891.2
Medium hard, dark gray SHALE, moderately Core is highly broken
weathered, occasional SANDSTONE clast with mechanical
evident (BEDFORD SHALE). breaks.

73% 98% 12 1:18 TH MW MH B 0 300
105 120"

@ 107.6', a:30º; b:J; c:N; d:Cl; e:Pa; f:Pl. B 1
@ 108'-108.5', a:80º; b:J; c:N; d:Cl; e:Sp; f:Pl.
@ 108.5' - 109.6', very broken (rock J >5
fragments) with possible loss.
@ 109.6', a:30º; b:J; c:N; d:Cl; e:Pa; f:Pl. J >5
@ 109.7', a:30º; b:J; c:N; d:Cl; e:Pa; f:Pl. H2S = 0 ppm; 

110 881.2 @ 109.9', a:30º; b:J; c:N; d:Cl; e:Pa; f:Pl. B 3 LEL = 0%; WL = 0%
Medium hard, gray and red SHALE,
moderately weathered (BEDFORD SHALE). J >5
@ 110'-110.9', very broken: a:0º-'5º; b:J; c:N;
d:Cl; e:Fi; f:Pl. B 0
@ 112.0' -112.3', clay seam.

@ 113.3', a:10º; b:J; c:N; d:No; e:No; f:Pl; g:S.
@ 113.7', a:10º; b:J; c:N; d:No; e:No; f:Pl; g:S. J 2
@ 114.5'-115', very broken: a:0º-'5º; b:J; c:N;

115 d:Cl; e:Fi; f:Pl. 49% 100% 13 1:36 TH MW MH J >5 300
@ 114.9', a:30º;b:J;c:N;d:Cl,e:Sp;f:Pl;g:Slks. 120"
@ 115.8' -116.0', clay seam. B 0

116.4 874.8
Medium hard, red SHALE, moderately J 2
weathered (BEDFORD SHALE).
@ 116.7', a:30º; b:J; c:N; d:Cl, e:Sp; f:Pl. J 1
@ 116.8', a:0º; b:J; c:N; d:Cl, e:Sp; f:Pl.
@ 117.1', a:20º b:J; c:N; d:Cl, e:Sp; f:Pl. --- 0
@ 119.7', a:30º; b:J; c:N; d:Cl, e:Su; f:Pl. H2S = 0 ppm; 

120 @ 119.9', a:30º; b:J; c:N; d:Cl, e:Su; f:Pl. J 2 LEL = 0%; WL = 0%

B 0

@ 122.3'-122.8', very broken: a:0º-'70º; b:J; 43% 89% 14 2:06 TH MW MH 300
c:N; d:Cl; e:Fi; f:Pl. 120" J >5

B 0

125
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Dodson-Stilson Project:  Big Walnut Sanitary Trunk Sewer LOG of BORING: FTB-22
Driller: L. Hull Location:  N 770321.5  E 1869158.9
Geologist: K. Walden Client: City of Columbus Job No. 9821-6051.00
Drill Equip: Mobile B-59 Sampler: 2" split spoon Hammer Wt:  140 lbs. Date Started: 11/19/2001
Size & Type Core Barrel: NQ2 wireline Hammer Drop: 30 in. Date Finished: 11/26/2001

WATER LEVELS GRADATION LAB RESULTS
Date Depth to Water Bot. of Casing Bot. of Hole AND REMARKS

11/19/01 DRY 4' 4' Liquid Limit, LL
11/20/01 9.0' 58' 58' Plasticity Index, PI
11/21/01 8.5' 90' 90' Water Content, W (%)

 WATER REMARKS:
No Piezometer installed at completion.
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125 866.2
Medium hard, red SHALE, moderately
weathered (BEDFORD SHALE). J 1

@ 126.9', a:50º; b:J; c:N; d:Cl, e:Su; f:Pl. -- 0
J

43% 89% 14 2:06 TH MW MH SLK 2 300
@ 128.3', a:30º; b:J; c:N; d:Cl; e:Pa; f:Pl; 120"
g:Slks.
@ 128.6', a:50º; b:J; c:N; d:Cl, e:Pa; f:Pl. B 0 H2S = 0 ppm; 

130 LEL = 0%; WL = 0%

135 90% 98% 15 1:38 TH MW MH B 0 300
120"

137.5 853.7
Medium hard, red and gray SHALE,
moderately weathered (BEDFORD SHALE).
@ 139.0', a:0º; b:J; c:N; d:Cl, e:Sp; f:Pl. TH MW MH

H2S = 0 ppm; 
140 J 1 LEL = 0%; WL = 0%

141.0 850.2 TH MW MH
Medium hard gray SHALE, moderately
weathered (BEDFORD SHALE).

145 71% 97% 16 1:56 TH MW MH B 0 300
120"

@ 147.7', a:0º; b:J; c:N; d:Cl, e:Sp; f:Pl. J 1

B 0
H2S = 0 ppm; 

150 LEL = 0%; WL = 0%
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Dodson-Stilson Project:  Big Walnut Sanitary Trunk Sewer LOG of BORING: FTB-22
Driller: L. Hull Location:  N 770321.5  E 1869158.9
Geologist: K. Walden Client: City of Columbus Job No. 9821-6051.00
Drill Equip: Mobile B-59 Sampler: 2" split spoon Hammer Wt:  140 lbs. Date Started: 11/19/2001
Size & Type Core Barrel: NQ2 wireline Hammer Drop: 30 in. Date Finished: 11/26/2001

WATER LEVELS GRADATION LAB RESULTS
Date Depth to Water Bot. of Casing Bot. of Hole AND REMARKS

11/19/01 DRY 4' 4' Liquid Limit, LL
11/20/01 9.0' 58' 58' Plasticity Index, PI
11/21/01 8.5' 90' 90' Water Content, W (%)

 WATER REMARKS:
No Piezometer installed at completion.
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150 841.2
Medium hard gray SHALE, moderately
weathered (BEDFORD SHALE). J 2
@ 150.2', a:20º; b:J; c:N; d:Cl, e:Sp; f:Pl. Unit weight @ 155.4 =
@ 150.6', a:0º; b:J; c:N; d:Cl, e:Sp; f:Pl. 161.6 pcf

Slake Durability Index
91.9 Type I
W = 0.6

@ 153.5' - 153.8', hard, gray SILTSTONE. Unconfined test @
@ 154.0' - 154.1', hard, gray SILTSTONE. 92% 100% 17 1:50 TH MW MH --- 0 300 155.4' = 9153 psi

155 @ 154.1' - 154.5', highly weathered. 120" W = 0.8
Unconfined test @
159.2' = 4232 psi
Unit weight @ 159.2 =
156.5 pcf
Unconfined test @
161.8' = 6498 psi

@ 158.6' - 160.5', gradational color change Unconfined test @
from gray to black. 162.7' = 9728 psi

H2S = 0 ppm; 
160 LEL = 0%; WL = 0%

160.5 830.7 Unit weight Index
Hard, black SHALE, slightly weathered to 149.9 pcf
unweathered (OHIO SHALE). Slake Durability Index

SW 96.5 Type I
100% 100% 18 1:56 TH to MH --- 0 300 W = 0.6
60" U Unit weight @ 162.7 =

148.7 pcf
W = 0.6
H2S = 0 ppm; 

165 826.2 LEL = 0%; WL = 0%

Bottom of hole @ 165.0'

170

175
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Dodson-Stilson Project: Big Walnut Sewer LOG of BORING: FTB-30
Driller: R. Brungs Location: N 770461.4  E 1869375.6
Geologist: N/A Client: City of Columbus Job No. 9821-6051.00
Drill Equip: CME-750 Sampler: N/A Hammer Wt: N/A Date Started:
Size & Type Core Barrel: N/A Hammer Drop: N/A Date Finished:

WATER LEVELS GRADATION LAB RESULTS
Date Depth to Water Bot. of Casing Bot. of Hole AND REMARKS

NOT RECORDED DURING DRILLING - BORING WAS Liquid Limit, LL
DRILLED BY ROTARY WASH METHOD Plasticity Index, PI

Water Content, W (%)
 WATER REMARKS:

Piezometer Installed at Completion.

 D
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DESCRIPTION
0 984.4

Drilled by rotary wash method without
sampling to 39.0'

Note: Boring was drilled as an offset
boring approximately 10 feet away from
boring FTB-23 to be used in a
hydrological invsetigation.

5 No samples were collected; hole was
drilled using 3 7/8" tricone bit and rotary
wash method.  Samples collected from
boring FTB-23.

10

14.0 970.4

15

Hard, brown and gray SANDSTONE,
moderately weathered, intensely
fractured (BEREA SANDSTONE).
(See Boring FTB-23 for detailed

20 descripition of bedrock encoutnered).

Note: No core was obtained from boring;
hole was drilled using 3 7/8" tricone and
rotary wash method.

25

6/8/1999
6/8/1999

Auger refusal at 14.0 ft.

Top of Bedrock 15.5 ft in Boring FTB-23
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Page 2 of 2
Dodson-Stilson Project: Big Walnut Sewer LOG of BORING: FTB-30
Driller: R. Brungs Location: N 770461.4  E 1869375.6
Geologist: N/A Client: City of Columbus Job No. 9821-6051.00
Drill Equip: CME-750 Sampler: N/A Hammer Wt: N/A Date Started:
Size & Type Core Barrel: N/A Hammer Drop: N/A Date Finished:

WATER LEVELS GRADATION LAB RESULTS
Date Depth to Water Bot. of Casing Bot. of Hole AND REMARKS

NOT RECORDED DURING DRILLING - BORING WAS Liquid Limit, LL
DRILLED BY ROTARY WASH METHOD Plasticity Index, PI

Water Content, W (%)
 WATER REMARKS:

Piezometer Installed at Completion.
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6/8/1999
6/8/1999
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25 959.4

Hard, brown and gray SANDSTONE,
moderately weathered, intensely
fractured (BEREA SANDSTONE).
(See Boring FTB-23 for detailed
descripition of bedrock encoutnered).

Note: No core was obtained from boring;
30.0 hole was drilled using 3 7/8" tricone and

rotary wash method.

35

39.0 891.4

40

45

50

Bottom of Boring - 39.0 '



2
2

3
2

3
6

4
7

7
9
50/4

0%
102”

TH
to MW MH J >5 300
TK

LL=44 P{’26;
W= 203%

Packer test ran from
12’- 22’

H2SOppm LEL=0°
Wt shght oss

H S 0 ppm LEL 0
WL some loss

DodsonStiIsonPt . :t LOG of BORING 5b
9rtilrr 1 fl34 caror, 5i 4

Seoioaist’ K Sr ,t Client ci iy Of , JlJrnt3OS Joo No 1

DrilEq,jip CE 75 Sampler 2’ spi spoon HammerWt 140 CS 10am Started’ 4 15ci5
Size& Type Core Barrel. NC wrene Hammer Drop; 30’n Date Finished. 4:20, 1599

WATER LEVELS LAB RESULTS
.ate joeptt’owa’er} Oct ca Bat .41-’ ° 0 o ANDREMARKS

N” Wate Levels Rec %d Ore ng 0 ng B B L Gu 0
CI Q. r, % 0

u B ,

Patcty rica I
% Z C ‘a” 4 Water Carter I 41-

VA TER PEA’ARKS P ezorneter t p set at 60 8 199 8

curaakept 192999

““ L-n i B
°

0--B B B B .9 a’er-s z%

DESCRIPTION
0 9963

______

0 5 995 S Toosoil
Very stiff brown SILTY CLAY (CL), little
fine to coarse sand: moist.
© 3.0’ - 4.5’. shale fragments.

16

14

9913 ,.-Sandstone fragments

2 25

30

3.5 19 4 5 9 28 35

2

3
4A

Al 1’) on.

Began coring 5 2’

5
52

10

15

20

86% 314

Moderately hard to hard, bluish gray and
brown, SANDSTONE, broken, moderately
weathered (BEREA SANDSTONE).
Typical fractures: a:0°-5°; b:J; c:VN;
d:Fe-No; e:Su-No; f:PI: g:S-SR.

11,5’, becomes predominantly bluish
gray.

15.9’ - 16.5’. dark gray, argillaceous,
SHALE, thinly laminated.

20.7’, 0.02’ clay seam.
@ 20.85’, dark gray, argillaceous, SHALE,
with clay,
@ 21.45’- 21 77’;a’90°;b:J,c’VN;d’H;e:Fi;
f:PI:g:SR.
@22.3’, 0.1’ clay seam.
@ 22.6’, dark gray, argillaceous. SHALE,
thinly laminated,

24.35’ - 24.50’, deformed/wavy,

24%
120”

100% 2 022
YH MH
to MW to 0 300
TK H

‘J 1

—-‘0

0

25 4



bods nt Isor ni, OG of BORING.
‘ ‘n8385 8

V t’yo5Coimbk bNo 921 60
Dr Eq Ms a io er 2 spt spoon Hair V Date Started 4 15 1909

S ze & ype Core Barrel NQ wtrehne Hammer Drop oO r Date Fimshed 4/20’1999
WATER LEVELS F23A 0\ LAB RESULTS

Care (epttto¼ate’ Dot Co”j Sc’ rO—oe AND REMARKS
“ i’Vstr’ Le.e a Recc’oed r rg D 0. ..c 2 -

ES____

DESCRIPTION — - —

25 9713

— Moderately hard to hard, bluish gray anc Packer test ‘an from
brown, SANDSTONE, broken. shqhtly 25’ - 35’
weathered (BEREA SANDSTONE). —

Typical fractures: a:O°-5°: b:J; c:VN: 2
d:Fe-No; e:Su-No: f:Pl; q:S-SR. —

c 25.6, clay seam. TH MH 4

@26.2, clay seam. 48% 100% 248 to SW to J _300
120’ TK H 1

@ 29.0. clay seam. —

30 @ 30.2, clay seam. 2
Unconfined

0 compressive strength
from 31 Sb 31 9’

5 15.568 psi

T’ HS=Oppm,LEL=0%

____________________

WL = 0%

@ 33.8’;a:45°;b:Sh;c:VN;d:No;e:No:f:Pl; — — SH 1
g:Slk (underlain by deformation deposit).

35 @ 34.95’ - 35.05’, turbidite.
@ -35.5’, becomes intact.

TH MH 300
91% 100% 4 3 12 to SW to 0 to
120” TK H 350

40

@ 40.0’ - 40.3’, clay seam. Packer test ran from
40’ - 50

HS = 0 ppm LEL = 0%

@ 43.0’ - 43.4’. turbidite flow structure. — — — —

___________________

wi =

@ 44.15’, clay seam.
@ 44.75’, clay seam.

TH MH
48% 98% 5 2 04 to SW to —- --- 350

@46.5’. clay seam. 120” TK H

47.5’, clay seam.

496 9467
en ntarhddea1



s1St6flRING

D 7W t a

Size?. Type Core Barrel NO V nIl Hammer Dr p 3r Date Firiahed 4 20 1 9.i

MATER LEVELS — — — LAB RESULTS
I

0 Ia j “p I Vs iter r3ot or rg of I H e c C AND REMARKS
No Water eies ReCorded Du g I og S Lqod rt

] 3 P tctyrdexP
3 Cd . E 2’ 2’ 0 2’ 0 0

Water orIent Vs ‘I,)

WA TER REMARK... P era nate p set ot 9 8 9 8 — —

— Cr unrtwater depth 1 23 99 r.

C ter’
a Oo a 2 0 3

o C DESCRIPTION 0 0 u. 0

Interbedded moderately hard dark gray
SHALE and light gray hard SANDSTONE L
(BEREA SANDSTONE BEDFORD SHALE) 48% 98% 5 204 to SW MR —- — 350

120” TH

HSo0ppm LELO%

55 54.45’ - 54 92’,a:90°,b:J;c’T;d:H,e:Fi; J 1
f’Pl

______

@ 54 5’ - 54.9’, sandstone ens.

L MW MR 350 ‘ROD s actually tugher
37%* 100% 6 3 10 to to to 0 to due to mecharacal
120” TH SW H 400 breakage along weak

beddng planes
60

@ 600’ 60.25’, sandstone lens. Packer test ran from

@ 60.9’ 61.2’, sandstone lens, 60’ 70’

@ 61.76’, small pyntic nodules.
61.7’ - 62.4’, sandstone lens.

H2S=Oppm LEL=0’,

___________________

WL”O%

l 64.34’ - 64 54’,a:90°,b,Jc’T;d:No;e.No; J —

65 f:Pl;g:S. 1
t 65.35’ 65.65’a’90°;b:J,c;T;d’No;e:No;

_______

f:Pl;g:S.

@ 67 35’, 1” clay seam.
L MWMH 350

64%* 100% 7 3 10 to to to — 0 to ‘ROD s actually hgher
120” TH SW H 400 due to mechan cal

breakage along weak
beddrng planes

H S = 0 ppm LEL = 0
Wl_.=000

MR 2

78% 100% 8 245 L SW to J —

75 Th745’a45°’b’JcNdClePafPloS H 1



Interbedded, moderat&y hard, dark gray,
SHALE and light gray. SANDSTONE
BEREA SANDSTONEJBEDFORD SHALE).

Very broken throughout run, typical
fractures: a:0°-10°;b:J;c:VN;
d:Cl ;e: Fi;f:Pl;g:S.

81 .45’;a:lO°;b:J;c:VN;d:Cl;e:Fi;f:Pl;g:S.

@ 83.7’ - 84.5’;a:90°;b:J;c:VN;d:Cl;e:Sp;
f:St;g:R (cuts through additional fractures)

84.6, brown siltstone laminae become
evident.

100%
MH

L SW to — 0 Eat.
H 400

H2S = 0 ppm LEL 0%

95
94.2’:a:O°;b:J;c:N;d:Cl;e:Sp;f:Pl;g:S.

J I

10 500 L SW MH —- 0 Est
400

Dodson-Stflson ‘ee . ‘.‘ LOG of BORING’ ‘B
0 icr r a I LotarI”fl ‘1 38 8 F 4 PS9C 4J8

9 ogict. atl nt. lv us J ob N 51
0 quip V 5 a P PamT )D a S a ad 4 09
Size & Type Core Barrel: ‘ , wire i Hammer Drop 0 n ,_j,,inIshed 4 20 1999

WATERLEVELS 1 ., ..RAOT9N LAB RESULTS
s1

. , - ANDREMARKS
9 S

4 (1>

I —
-.

WA TSR FEll Si<S Pezor eta *‘oatL98 1395 5
Gro’ ate depF 1 ‘2° ° a e r‘c.

C a a L

Q 9 0 o 8’ a o A’ater L as N..
8’ 8
a DESCRIPTION -

78%
120”

100% 2.458

‘5 921 3

80

85

90

MH
L SW to

H

3

1 350
to

1 400

2

2

Packer test ran from
80’ - 90’

H2S 0 ppm, LEL = 0%
tVL = 0%

J >5

@ 88.25’, pyrite nodules.

Down pressure gauge
not working

Slight H20 loss at 85.5’

No HO return at 87.0’

76%
120”

9 238

94%
120”

95%

100



Oodson Stth 1 t i- 1LOG of BORN AIB-5
Drle ( 9 Loaop I 8° SE 1 4 Pqe5ofd

Geo’og,st Sm “ ,Ci,ertt
... ijoc ao

Dr’ItEqum OiE ‘5 Sample’ s2t soT Hammer/er 4D Os joatesrarsea 4 5/1999

Size & ‘Type Core Barre; N ‘e’r,e Hammer Drop 30,n Date Finished 4,201 909
WATER LEVELS — — — -‘ 3:’’ LABRESULTS

3r:e ANDREMARKS
0 .

5
, - “ .i,ae’ 1s”em 3’

8” E8’-P’ S P ezc’-’a:e- ‘ set at ‘ ‘‘ 8

3 mndater 2eptr 2 99
,,

0. H c ppm)çe
, 9

,

, FL
,, . WaerL cc 49 %

‘ °
0 DESCRIPTION 5) 91 0) u. 0)

Interbedded, moderately hard, dark gray, SI ght H 0 loss at
SHALE and light gray, SANDSTONE 1002’
(BEREA SANDSTONE/BEDFORD SHALE> 94% 95% 10 500 L SW MH — 0 Est

120” 400

1037 8926

_______________________________________

— —

_____________________

H2S = 0 ppm LEL 0%
Moderately hard, bluish gray, SHALE,
unweathered. very thin bedded to

105 laminated;
BEREA SANDSTONE/BEDFORD SHALE)

107.6, becomes gray and red. VT 350
NIA NIA 11 450 to SW MH —- 0 to
120’ L 400

@ 109 45,a 0°,b’J;c:N,d.Cl:e’Pa,f’Pl;g S

______

110 @ 109 65’;a.O°,b J;c N;d:Cl,e:Pa;t:Plg.S J 2
110 3’ - 113 7. occasional contorted

_______

Packer test ran from
beds. SH 1 110’- 1687’

110.6’- 1108’, a.60°,b:Sh;c:N;d:No’

______

e. No;f:Pl;g:Slk
0

H S = 0 ppm LEL = 0%

\

_______________

WL=0%

@113.45-113.95’, a:60°;b:Sh;c:N,d.No; ‘ — SH 1
e:No,f’Pl,g:Slk

_______

115 114,7’-1154’, highlyfracturedzone. J >5
a 0°’b.J;c:N,d’Cl,e Pa-Fi,f’Pl;g:S.

______

S 350
59% 100% 12 500 L SW to —. 0 to
120’ MH 400

120 i 1195’,a20°,bSh.cN,d,No,e,No,f’Pl, SH 1

g Slk

_______

0

121 7’ a 0°,b J.c N,d Cl.e’Pa.f’Pl g S

@ 122 5’,a 0° b J,c N,d:Cl,e Pa,f Pl,g S T HS 0 ppm LEL = 0%

______________________

WL = 20% - 30%
TH

93% 98% 13 630 to U MH --- 0
125 M



Dodson-StIison-.je i’ — ‘LQGof’QRiNG, -.-B-E’
Crn’er ocation N E °pee S of

e gist utt iCit ty -f us J ob N 05
r qw 5 Se er p ai C D IC C 4 9

S ze Type Core Barrel NQ wir e Hammer Drop 3 — Jnish_ 4 2 999
WATERLEVELS A4’A LAB RESULTS

L5a& j ANDREMARKS
.. 7-. atNcaerLesPeoieoD’oDr’g C ,

-,

I t, 3
i — o’ ,ee’ Co’-e— /,

VATEP OEIVARKS Pezortertose’a P98 925

Groundv tot depr - 71 0 29i59
.———

H z’ C 0 A V

7-
V at o (. vSat

C Oo 7- 0 0 C V - 00 DESCRIPTION 0 0 at 0 0 0 0

25 8i 3

Moderately hard, red, SHALE, thin to
unweathered (BEDFORD SHALE).
c 125.7’;a:50°:b:Sh;c:N;d:No;e:No:f:Pl:
g:Slk. SH 2

127.2’, a.45°;b:Sh;c:N;d:No;e:No;f:PI;
g:Slk. TH S 1 350
c 127,4, a:45°;b:Sh;c:N;d:No;e:No;f:Pl: 93% 98% 13 630 to U to

______

to
g:Slk. 120” M MH 400
@ 127,6’, a:45°;b:Sh;c:N;d:No;e:No:f:Pl;

130 g:Slk.

—-0
No HO return from

1310-1325’

HS 0 ppm; LEL 0%

__________________

\NL=10%

135

THSWS 350
99% 100% 14 430 to to to —- 0 to
120” M U MH 400

140

c 140.0’:a:O°;b;J;c:N:d:CI;e:Pa-Fi:f:Pl; J 2 AU breaks mechanical
q:S.

______

exceptl400’&1410’
U 140.1’;a:O°;b:J:c:N:d:Cl:e:Pa-Fi:f:Pl;
q:S.
@ 140.25’, color change to bluish gray

—- 0
and red interbedded. H2S = 0 ppm EEL 00

___________________

WL=0°0

145

@ 145.5’, weathered zone. TH 400
97% 97% 15 800 to U MH —- --- to
120” M 450

147,9’, color change to bluish gray,
4’ lost from shppage

Slake durabthty test
150 ranfromld87’-1503’



@ 160’- 1619, hard brown siltstone
with shale interbedds.

Moderately hard to hard, black, SHALE, MH
thin bedded, unweathered (OHIO SHALE). L U to

H

w-

DodsonStilson ‘ LOGofBORING’ -

CrOe’ ILI OCoP(t’ N ‘O’
Geosog,st rI Ir L Of C iW 0 C1 I) DoS JJobNo LI8 Co ,C
U us V 5 a pe S t t H ‘rT fit 4 b Dat S H I
S,ze & Type Core Barrel NJ woe inc Hammer Drop 35,r Date Fmist’ed 4’2J 1999

WATER LEVELS
. C’. LAB RESULTS

C3e i:p’r’ova-ert ‘Casg ro—e c 1ANDREMARKS
— o H -No Water a a RoorWo Do g D rg C a - i . ,

0 L LI id t C

L 1- 1 pas’ct, Hex

,oEDuEPS Pezoe’ep-e’a3--’93 1
-_2 “S o d’aa’e %ptrI 7 3 2° 9 . n. -

—

— S 5
2

,.

I DESCRIPTION S

97%
120”

97% 15 800

TH

to
M

U MH

Moderately hard, red, SHALE, thin to
unweathered (BEDFORD SHALE).

157.8 - 158.0’, hard brown stltstone
with shale interbedds.
@ 158.1’ - 158.3’. hard brown siltstone.

400
to

450

Uconfned
compresses strengt’
from 1492 o 1496’
4 753 PS,

H2S = 0 ppm, LEL = 0%
WL = 0%

155

160

1620

98%
120”

100% 16

834.3

515
TH MH
to U to Es
M H 400

Slipped 1 9’

Run 17 5’ to recover

H S = 0 ppm’ LEL = 0%
WL = 0%

165

170

Est
400

s 165.5’, becomes pyritic.

i 168.5’. 0.05’ pyritic nodule.

© 172.0’, pyritic nodule.

MH
100% 100% 17 500 L U to —- --- Eat,
60” H 400

H2S 0 ppm LEL 0%
WI_ = ox

Packer test ran from
169-20035’

MH
100% 100% 18 504 L U to —.- --- Eat 18’ slipped in hole
60” H 400 recoverec on Run 19

HxS = 0 ppm’ LEL 0°
WL =

Siake durability test
ran from 73 7’- 1753’



bids n Stlson r LOG of BORING T
Dr I t j3 4

eoThgi t K S i cot C. y Co bus
D’:lEqup .CE ‘5 Sampler z pn ram’nerWt 14” 05 D3teSrarted 415

Sze& T1pe Core Barrel JQ V’B’1e Harrrner Drop 3Qfl Dare Fgrnsned 4 2D,’i999
WATER LEVELS I — — LAB RESULTS

Latc ] .v s satu B ...f... rg B 1 cH ‘r’’’ AND REMARKS
No Wate Le e s Rcuorded Dr rg Dr ‘ig B L’gu B L n I
I F V

-5 05 c, u. c5 Castct,roelP

-r
“E° °-°‘S ° c:o”'oier + ++

‘

Ga’e- Dtr 1”’ 99=
so

+++ —

9 91(te
5 a Oc a S a -

0 4 DESCRIPTION so 0 0 0 0 0

@ 1784, very thin, partial cone in cone
structure.
@ 178.4 - 178.95, contains pyritic
laminae.
@ 179,25’, limestone laminae.

180.0, pyrite nodule,
180.3’ - 180.37, pyritic/iron stone

concretion.
181.9 - 182.1, pyritic nodule.

184,9’, pyritic laminae.

@ 186.05’, pyritic nodule.
188.55’, pyrite nodule with marcasite.

190.7’, pyritic nodule.

MH
to —- --- Est.
H 400

MH
L U to

H

Loss of 23’ due to sIp.
recovered on Run 22

H,S0ppm LEL0%
Wt. 0

HSOppm LEL0’
WI = 0

Moderately hard to hard, black. SHALE,
thin bedded, pyritic. unweathered (OHIO
SHALE).

176.0’, pyritic nodule.

100%
60’

1 00% 19 512 L
MH

U to
H

051

400

Uncoired
compessve strength
from 1740’ to 1744’
10 708 pa

HS = 0 ppm LEL = 0°o
= 0%

98%
120’

98% 20 520 L U
MH
to —- --- Est
H 400

180

185

190

195

OO 3

@ 189.7’. pyritic nodule.

Loss 2” to sIp

H2S 0 ppm LEL = 0%
tNL = 0%

100%
120

c 195.05’, limestone laminae.
c 195.95’, pyritic nodule.

100% 21 506 L U

n Bottom of Borina 200.35
100% 100% 22 540

2fl”



BIG WALNUT SANITARY TRUNK EXTENSION PHASE 2 
GEOTECHNICAL DATA REPORT 

      

 
 
 

   

 

 
 
 

Appendix C BEDROCK CORE PHOTO LOGS 

  





 

 

BORING B-16 ROCK CORE PHOTO LOG 

 

 

Appendix C - Exhibit C.1



 

 

 

 

Appendix C - Exhibit C.2



 

 

 

 

Appendix C - Exhibit C.3



 

 

 

 

Appendix C - Exhibit C.4



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C - Exhibit C.5



Appendix C - Exhibit C.6



 

 

BORING B-17 ROCK CORE PHOTO LOG 

 

 

 

127.6’ 

Appendix C - Exhibit C.7



 

 

 

 

Appendix C - Exhibit C.8



 

 

 

 

152.6’ 

Appendix C - Exhibit C.9



 

 

 

172.6’ – 180.6’ 

Appendix C - Exhibit C.10



 

 

BORING B-18 ROCK CORE PHOTO LOG 

 

 

Appendix C - Exhibit C.11



 

 

 

 

 

Appendix C - Exhibit C.12



 

 

 

 

Appendix C - Exhibit C.13



 

 

 

 

 

100 – 110 

Appendix C - Exhibit C.14



 

 

 

 

 

Appendix C - Exhibit C.15



 

 

 

 

Appendix C - Exhibit C.16



 

 

 

 

Appendix C - Exhibit C.17



 

 

 

Appendix C - Exhibit C.18



 

 

BORING B-19 ROCK CORE PHOTO LOG 

 

 

 

Appendix C - Exhibit C.19



 

 

 

 

 

Appendix C - Exhibit C.20

BWSTE 2
Boring: B-19
Depth: 71.9 to 81.9
Sample: RC-6
REC: 9.6     RQD: 3.6/10



 

 

 

 

 

 

Appendix C - Exhibit C.21

BWSTE 2
Boring: B-19
Depth: 81.9 to 91.9
Sample: RC-7
REC: 8.7     RQD: 4.0/10



 

 

 

 

 

 

Appendix C - Exhibit C.22



 

 

 

 

 

Appendix C - Exhibit C.23



 

 

 

 

 

Appendix C - Exhibit C.24

BWSTE 2
Boring: B-19
Depth: 151.9 to 161.9
Sample: RC-19
REC: 10.2     RQD: 5.2/10

BWSTE 2
Boring: B-19
Depth: 161.9 to 171.9
Sample: RC-20
REC: 9.5     RQD: 9.1/10



 

 

 

 

 

 

 

 

Appendix C - Exhibit C.25



Appendix C - Exhibit C.26



 

 

BORING B-20 ROCK CORE PHOTO LOG 

 

 

Appendix C - Exhibit C.27



 

 

 

 

Appendix C - Exhibit C.28



 

 

 

 

Appendix C - Exhibit C.29



 

 

 

 

Appendix C - Exhibit C.30



 

 

 

 

Appendix C - Exhibit C.31



 

 

 

 

Appendix C - Exhibit C.32



 

 

 

 

Appendix C - Exhibit C.33



 

 

 

 

16 

Appendix C - Exhibit C.34



 

 

 

 

17 

Appendix C - Exhibit C.35



 

 

 

 

Appendix C - Exhibit C.36



 

 

 

 

Appendix C - Exhibit C.37
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Depth: 126.9 to 131.9
Sample: RC-2
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Depth: 151.9 to 161.9
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Appendix G SLUG TEST RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





Table 1: Summary of Slug Test Setup

Well

Static 
Water 

Elevation 
(ft)

Piezometer 
Elevation (ft)

Screened Well 
Zone (ft)

Aquifer 
Type

Aquifer 
Material

Estimated 
Aquifer 

Thickness 
(ft)

Kv/Kh

Shaft 

1
969.65 949.8 952.35 – 932.35 Confined Glacial Till 20 1

Shaft 

2
981.72 966.09 851.17 – 841.17 Confined Shale 24 0.1

Shaft 

3
989.2 974.73 988.1 – 963.1 Confined Sandstone 87 1

Table 2: Summary of Slug Test Results

Location Test Number Slug Type K (ft/s) T (ft2/s) S (ft-1)
1 Insert1 1.13E-03 4.15E-02 1.00E-01

2 Removal 6.65E-03 1.01E-01 1.00E-10

3 Insert1 6.95E-04 1.40E-02 1.00E-10
Shaft 1

4 Removal 3.96E-04 1.50E-02 5.36E-11

1 Insert 7.34E-08 7.03E-07 1.00E-03
Shaft 2

2 Removal 5.31E-08 4.71E-07 1.00E-03

1 Insert1 7.12E-05 1.80E-03 1.00E-01

2 Removal 8.69E-05 2.23E-03 1.00E-01

3 Insert1 6.58E-05 1.91E-03 3.67E-02
Shaft 3

4 Removal 4.49E-05 7.76E-04 1.00E-01
1Insert portion of testing for Shaft 1 and Shaft 3 showed scatter in results due to rapid recovery 

while inserting slug.

Appendix G - Exhibit G.2
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SHAFT 1 TEST 

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_1_Test_ .aqt
Date:  05/11/18 Time:  10:54:52

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 1 Test 

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 1)

Initial Displacement:  3.37 ft Static Water Column Height:  37.3 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.001128 ft/sec y0 = 0.6758 ft
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SHAFT 1 TEST 

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_1_Test_ aqt
Date:  05/11/18 Time:  10:58:18

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 1 Test

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 1)

Initial Displacement:  3.37 ft Static Water Column Height:  37.3 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.04146 ft2/sec S = 0.1
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SHAFT 1 TEST

Data Set:  \\Us1229-f01\shared_projects\173409058\Shaft_1_Test_ .aqt
Date:  05/11/18 Time:  08:29:20

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 1 Test 
Test Date:  11/01/2017

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 1)

Initial Displacement:  1.167 ft Static Water Column Height:  37.3 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.006648 ft/sec y0 = 19.43 ft
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SHAFT 1 TEST 

Data Set:  \\Us1229-f01\shared_projects\173409058\Shaft_1_Test_ .aqt
Date:  05/11/18 Time:  08:35:45

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 1 Test 
Test Date:  11/01/2017

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 1)

Initial Displacement:  1.167 ft Static Water Column Height:  37.3 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.1008 ft2/sec S = 1.0E-10

Appendix G - Exhibit G.6

2 Slug Removal

2
2



0. 0.02 0.04 0.06 0.08 0.1
0.01

0.1

1.

Time (min)

N
or

m
al

iz
ed

 H
ea

d 
(ft

/ft
)

SHAFT 1 TEST 

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\New folder\Shaft_1_Test_ .aqt
Date:  05/11/18 Time:  08:50:20

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 1 Test 

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 1)

Initial Displacement:  1.13 ft Static Water Column Height:  37.3 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.0006952 ft/sec y0 = 4.958 ft
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SHAFT 1 TEST

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\New folder\Shaft_1_Test_ aqt
Date:  05/11/18 Time:  08:49:11

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 1 Test 

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 1)

Initial Displacement:  1.13 ft Static Water Column Height:  37.3 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.01403 ft2/sec S = 1.0E-10
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SHAFT 1 TEST 

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_1_Test_ aqt
Date:  05/11/18 Time:  08:57:51

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 1 Test

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 1)

Initial Displacement:  0.63 ft Static Water Column Height:  37.3 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.0003955 ft/sec y0 = 1.083 ft

Appendix G - Exhibit G.9
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SHAFT 1 TEST

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_1_Test_ aqt
Date:  05/11/18 Time:  08:56:25

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 1 Test

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 1)

Initial Displacement:  0.63 ft Static Water Column Height:  37.3 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.01504 ft2/sec S = 5.362E-11

Appendix G - Exhibit G.10
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SHAFT 2 TEST 1

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_2_Test_1.aqt
Date:  05/11/18 Time:  09:15:28

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 2 Test 1

AQUIFER DATA

Saturated Thickness:  24. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA (Shaft 2)

Initial Displacement:  1.55 ft Static Water Column Height:  22.5 ft
Total Well Penetration Depth:  22.5 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 7.335E-8 ft/sec y0 = 1.298 ft

Appendix G - Exhibit G.11
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SHAFT 2 TEST 1

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_2_Test_1.aqt
Date:  05/11/18 Time:  09:24:13

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 2 Test 1

AQUIFER DATA

Saturated Thickness:  24. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA (Shaft 2)

Initial Displacement:  1.55 ft Static Water Column Height:  22.5 ft
Total Well Penetration Depth:  22.5 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 7.03E-7 ft2/sec S = 0.001

Appendix G - Exhibit G.12
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SHAFT 2 TEST 2

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_2_Test_2.aqt
Date:  05/11/18 Time:  09:31:15

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 2 Test 2

AQUIFER DATA

Saturated Thickness:  24. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA (Shaft 2)

Initial Displacement:  1.29 ft Static Water Column Height:  22.5 ft
Total Well Penetration Depth:  22.5 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 5.307E-8 ft/sec y0 = 1.344 ft

Appendix G - Exhibit G.13
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SHAFT 2 TEST 2

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_2_Test_2.aqt
Date:  05/11/18 Time:  09:29:59

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 2 Test 2

AQUIFER DATA

Saturated Thickness:  24. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA (Shaft 2)

Initial Displacement:  1.29 ft Static Water Column Height:  22.5 ft
Total Well Penetration Depth:  22.5 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 4.705E-7 ft2/sec S = 0.001

Appendix G - Exhibit G.14
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SHAFT 3 TEST 1

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_3_Test_1.aqt
Date:  05/11/18 Time:  09:50:30

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 3 Test 1

AQUIFER DATA

Saturated Thickness:  87. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 3)

Initial Displacement:  1.35 ft Static Water Column Height:  26.5 ft
Total Well Penetration Depth:  26.5 ft Screen Length:  25. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 7.122E-5 ft/sec y0 = 0.6217 ft

Appendix G - Exhibit G.15
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SHAFT 3 TEST 1

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_3_Test_1.aqt
Date:  05/11/18 Time:  09:48:36

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 3 Test 1

AQUIFER DATA

Saturated Thickness:  87. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 3)

Initial Displacement:  1.35 ft Static Water Column Height:  26.5 ft
Total Well Penetration Depth:  26.5 ft Screen Length:  25. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.001795 ft2/sec S = 0.1

Appendix G - Exhibit G.16
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SHAFT 3 TEST 2

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_3_Test_2.aqt
Date:  05/11/18 Time:  10:02:13

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 3 Test 2

AQUIFER DATA

Saturated Thickness:  87. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 3)

Initial Displacement:  1.35 ft Static Water Column Height:  26.5 ft
Total Well Penetration Depth:  26.5 ft Screen Length:  25. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 8.686E-5 ft/sec y0 = 0.5771 ft

Appendix G - Exhibit G.17
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SHAFT 3 TEST 2

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_3_Test_2.aqt
Date:  05/11/18 Time:  10:03:12

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 3 Test 2

AQUIFER DATA

Saturated Thickness:  87. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 3)

Initial Displacement:  1.35 ft Static Water Column Height:  26.5 ft
Total Well Penetration Depth:  26.5 ft Screen Length:  25. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.002278 ft2/sec S = 0.1

Appendix G - Exhibit G.18
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SHAFT 3 TEST 3

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_3_Test_3.aqt
Date:  05/11/18 Time:  10:34:44

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 3 Test 3

AQUIFER DATA

Saturated Thickness:  87. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 3)

Initial Displacement:  0.88 ft Static Water Column Height:  26.5 ft
Total Well Penetration Depth:  26.5 ft Screen Length:  25. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 4.49E-5 ft/sec y0 = 0.5241 ft

Appendix G - Exhibit G.19
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SHAFT 3 TEST 3

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_3_Test_3.aqt
Date:  05/11/18 Time:  10:33:16

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 3 Test 3

AQUIFER DATA

Saturated Thickness:  87. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 3)

Initial Displacement:  0.88 ft Static Water Column Height:  26.5 ft
Total Well Penetration Depth:  26.5 ft Screen Length:  25. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.000776 ft2/sec S = 0.1

Appendix G - Exhibit G.20
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SHAFT 3 TEST 4

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_3_Test_4.aqt
Date:  05/11/18 Time:  10:42:12

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 3 Test 4

AQUIFER DATA

Saturated Thickness:  87. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 3)

Initial Displacement:  0.95 ft Static Water Column Height:  26.5 ft
Total Well Penetration Depth:  26.5 ft Screen Length:  25. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 6.579E-5 ft/sec y0 = 0.4676 ft

Appendix G - Exhibit G.21
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SHAFT 3 TEST 4

Data Set:  \\Us1229-f01\shared_projects\173409058\Rev 1\Shaft_3_Test_4.aqt
Date:  05/11/18 Time:  10:41:10

PROJECT INFORMATION

Company:  Stantec
Project:  173409058
Test Well:  Shaft 3 Test 4

AQUIFER DATA

Saturated Thickness:  87. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (Shaft 3)

Initial Displacement:  0.95 ft Static Water Column Height:  26.5 ft
Total Well Penetration Depth:  26.5 ft Screen Length:  25. ft
Casing Radius:  0.0833 ft Well Radius:  0.1096 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Bredehoeft-Papadopulos

T = 0.001914 ft2/sec S = 0.03669

Appendix G - Exhibit G.22
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PROJECT: Big Walnut Phase 2 
ITI PROJECT #: 15001 
  
RE: Detailed Design: 

Hydrogeology  
 

 

Introduction  
This Technical Memorandum (TM) provides the results of hydrogeologic analyses performed for the Big 
Walnut Phase 2 project.  The scope of these analyses comprised the following: 
 
Pumping test analyses: Type curve methods were used to analyze pumping test data collected by Resource 
International Inc. (RII) in order to estimate hydraulic conductivities and storativities of the soil and bedrock 
materials surrounding the shaft sites.   
 
Dewatering analyses:  Analytical well-hydraulics methods were used to estimate pumping rates that 
would be required to lower the water table at each shaft, should dewatering be allowed for shaft 
construction.  (Or alternatively, the rates at which groundwater would seep into the excavations if no 
groundwater control were implemented.)  These analyses incorporate the hydraulic conductivities and 
storativities estimated via the pumping test analyses. 
 
Drawdown analyses:  The analytical well hydraulics analyses were extended to estimate how far the water 
table would be drawn down in the regions surrounding the shaft sites.  These would serve as a basis for 
estimating potentially adverse impacts of construction dewatering on nearby water wells and/or on the 
foundations of nearby building structures. 
 
The reader is referred to the Geotechnical Data Report (GDR) for boring logs and other geotechnical data 
referenced to in this memorandum. The pumping test analyses were based on field measurements 
obtained by RII.  The field measurement data can be found in the Appendix H of the GDR and is not 
provided herein.  Plan view diagrams of the individual pump well and observation well locations can also 
be found in Appendix H of the GDR.  One source of geotechnical information used within this TM can be 
found in Appendix A, where the geologic profile of each shaft site is provided.  Information regarding slug 
test results at shaft sites can be found within Appendix G of the GDR.   
 
No pump test analysis for Shaft 2A and Shaft 2 were completed as part of this TM.  Pump test results of 
these general areas are discussed within the Phase 1 Hydrogeologic Investigation for the Phase I Big 
Walnut Sanitary Trunk Sewer, Eagon and Associates Inc. report (Eagon Report March 10, 2003), Appendix 
D of this memorandum. Additionally, modeling inputs for the dewatering and drawdown analyses of 
Shafts 2A and 2 were taken from the Eagon Report.   
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The remainder of the report is broken into specific shaft sites where test results and evaluation are 
grouped by shaft site, followed by the anticipated impacts to residential wells.   
 

Shaft 1 – Soil Aquifer  
Two pump tests were performed to interpolate the groundwater aquifer at Shaft 1.  The results of these 
test were used to determine the aquifer characteristics hydraulic conductivity and storativity. The results 
of the first pump test completed during the RII field work, CRT 1 – Pumping, was not used for analysis due 
to fluctuations in the water surface caused by a non-recirculating pump in a nearby pond.  The second 
pump test completed by RII, CRT-2 Pumping, was completed with the pond well turned off and was used 
for all modeling solutions discussed herein.  
 
The CRT-2 pump test was conducted at Shaft 1 with wells screened as shown in Appendix A.  Observations 
Wells (OW) were screened within the soil at Elevations between 917.8 ft – 953.8 ft.  For a plan view of 
well placement in relationship to Shaft 1 see Appendix B of this report. The pump well (PW-1) was an open 
hole from 46-55 feet deep (Elevation 917 ft – 926 ft) within the decomposed bedrock rock zone.  The 
pump well was laid out to be within the soil but due to the bedrock topography in the area, the planned 
depth encountered decomposed rock for the full well screen length in the field rather than soil.  Even 
though this was the case, the pump test did in fact provide important information regarding the 
decomposed rock (shale), as it shows that it was conductive enough to allow pumping and generate 
drawdown noted in the surrounding observation wells. The following physical and spatial well details 
shown in Table 1 were used within the pump test and dewatering analysis.  
 

Table 1 Shaft 1 Pump Well and Observation Well Details 

  

Screen 
Length 

(ft) 
Screen Type 

Radial Distance 
from PW 

(ft) 

Geologic Material  

PW1 46 
8 inch Dia. Casing, 

open hole in bedrock - 
Decomposed Bedford Shale   

OW1 20 

2 inch slotted PVC 

24.8 Non-Cohesive Soil: 
SP,SW,GP,GM OW2 20 19.6 

OW3 15 105.36 

OW4 20 83.72 

OW5 15 42.0 

 
During the pump test at Shaft 1 the groundwater table was drawn down an average of 6 feet over all 
pump and observation wells to an elevation 962 ft at PW-1 while pumping at a rate of 23 gpm for 24-
hours.  The time and draw down data for each of the monitoring wells, OW-1 through OW-5, was used to 
establish the wells transmissivity and storage coefficient. Using a curve matching process, time and draw 
down data was graphed against several different aquifer models to determine type of aquifer (confined, 
unconfined, partial penetrating etc.).  Once the aquifer type was determined, a best fit was optimized 
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through the AquiferWin32 software package giving an estimated transmissivity and storage coefficient.  
An example of this is shown in Figure 1 below where OW-3 is modeled against the Theis, 1935 aquifer 
model.  This procedure was used to determine the transmissivity and storage coefficient for all OWs at 
Shaft 1, as can be seen in Table 2 below.  
 
Figure 1: Shaft 1 – OW3 Curve Matching example 

 
 

*Geometric mean reported in place of average  
** Data point not included in reported Geometric Mean or Average. 

Table 2 Shaft 1 Pump Test Testing Results 

  
Transmissivity 

(gpd/ft) 
Hydraulic Conductivity* 

(cm/sec) 
Storage 

Coefficient  
Specific 

Storage (1/ft) 

Shaft 1  
Geometric Mean* / Average 1.01E+04* 1.19E-02* 1.14e-03 2.84e-05 

OW1 1.12E+04 1.32E-02 8.00E-04 2.00E-05 

OW2 1.60E+04 1.89E-02 3.12E-03 7.79E-05 

OW3 9.80E+03 1.16E-02 6.65E-04 1.66E-05 

OW4 8.08E+03 9.52E-03 6.56E-04 1.64E-05 

OW5 7.32E+03 8.63E-03 4.49E-04 1.12E-05 

PW1** 5.78E+02 6.81E-04 1.12E-05 2.80E-07 
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Using the results shown in Table 2, a theoretical aquifer model was built to determine the required 
number of pumping wells, and the required pump rate to lower the ground water level 40 feet below the 
existing ground water table at Shaft 1 to an elevation of 935 ft.  Lowering 40 feet will provide dry 
conditions for the construction Shaft 1.  
 
The theoretical aquifer model was built around the Neuman, 1972 solution in AquiferWin 32 Flow Model.  
The model solution for lowering the groundwater within the aquafer included four pump wells placed 20 
feet apart in a square configuration around Shaft 1.   Each of the four pump wells was set to a constant 
pump rate of 120 GPM. Each pump well has a diameter of 6 inches, the top of the screened interval was 
set at a depth of 6.5 feet from the ground surface, and with 40 feet of screen (Bottom of screen set at a 
depth of 46.5 ft).  In addition, optimizing the transmissivity and storage coefficient in the model, the 
parameters also took into account the aquifers specific yield (assumed to be 0.2) and the Beta/(r*r) ratio 
(assumed to be 1).   A sensitivity analysis of the Beta/(r*r) ratio was done by adjusting the ratio a few 
magnitudes above and below one, and no real change in the model results were noted.   The optimized 
transmissivity was found to be 0.975 sqft/min (1.05E+04 gpd/ft).  No optimization was found for the 
storage coefficient of 1.14E-03. 
 
To get an idea of the local effects on the ground water table a draw down cone of depression was 
calculated.  Appendix B, Shaft 1 Cone of Depression, indicates the cone of depression around the shaft 
excavation, as well as Figure 2 below.  The modeled cone of depression for Shaft 1 shows a large area of 
potentially impacted local wells, a detailed plan view of the Shaft 1 Cone of Depression over the BWSTE 
Phase 2 alignment can be found in Appendix B.   
 
Note that wells immediately west of Shaft 1 where bedrock rises, and limited permeable ground exists 
may not recover if dewatered.  Wells within this project area are known to be sensitive to changes in 
groundwater levels due to the age of the wells and recovery properties of the local aquifers, as discussed 
in the Phase 1 Big Walnut Sanitary Trunk Sewer, Eagon and Associates March 10, 2003 (Eagon Report) 
sections 2.6 and 8.3 
 



  

 

 

 

 

PROJECT MEMORANDUM 

DETAILED DESIGN: HYDROGEOLOGY – R2 

5

MarshWagner 
iTunnel inc 
175 S 3rd St, Suite 200 
Columbus, OH 43215 
614-484-7078 

 
Atlanta 

Columbus 
Denver 

Jacksonville 
 

Figure 2: Shaft 1 Cone of Depression 

 
 
 

 
A cone of depression will form if the ground water surface is lowered at Shaft 1 in any attempt to dewater 
the area for shaft construction.  During the hydrogeologic investigation three (3) residential wells were 
located during pump tests at Shaft 1.  Of these three, only the pond well was monitored, which was found 
to have a water surface drop of 1.33 ft.  Further desktop investigation showed that up to approximately 
21 wells are within the 2.5 feet drawdown zone, see Appendix B Shaft 1 Cone of Depression Overlay.  As 
discussed above, is anticipated that any change in ground water levels to existing wells may affect those 
wells and they may not recover.  The flow model discussed here, indicates that one of the wells may be 
affected by as much as 23.5 feet of drawdown.   Details on these 21 wells can be found within Appendix 
C of this TM and are designated by yellow highlighting.   
 
It should be noted that during the construction of the BWSTE Phase 1 project, residents near Manhole 
#0646S494 were impacted by construction dewatering and alternative means of potable water were 
provided.  Due to the sensitivity of wells in the project area, changes to the groundwater table may 
negatively affect residential wells.  
 
Due to the sensitive nature of existing residential wells, large cone of depression effecting these wells, 
known previous construction impacts to residential wells and low chance of well recovery under 
dewatering conditions, dewatering of Shaft 1 for the construction of the shaft must be avoided.  
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 Shaft 1 – Bedrock Aquifer  
Hydraulic conductivity of the bedrock around Shaft 1 was tested utilizing the in-situ packer test method 
for the full length of all coring runs for all geologic borings.  Details on the packer testing procedures and 
results can be found within the project GDR Appendix D – Packer Test Results. For the Shaft 1 zone, tests 
that return a value greater than zero flow during packer testing are shown in the Table 3 below. Note that 
not all tests returned a value, as many were found to be zero flow(0.0 cm/sec). 

 

Table 3: Shaft 1 Associated Packer Test Values  

Boring Test Interval by 
Depth Range 

(ft) 

Associate Rock 
Unit 

Average Hydraulic Conductive, K 
(cm/sec) 

B-38 / Shaft 1 47 – 56.8 Decomposed 
Bedford Shale 

Zone 

7.07E-07 

B-16 152 – 162  Ohio Shale 4.33E-08 

B-17 126.5 – 136.5   Bedford Shale 1.08E-07 

B-17 136.5 – 146.5  Bedford Shale 3.67E-07 

B-17 146.5 – 156.6  Bedford / Ohio 
Shale Contact 

5.57E-07 

B-17 156.5 – 166.5  Ohio Shale 1.15E-06 

B-17 166.5 – 176.5 Ohio Shale 5.58E-07 

Overall Average 4.94E-07 

  

From the packer tests we see that the hydraulic conductivity is quite low and well within the anticipated 
rage of 1 x 10 -11 to 1 x 10-7 cm/s.    
   

Shaft 2A - Soil Aquifer 
Data for pump testing at Shaft 2A was compiled from the Eagon Report and B-47 drilled as part of the 
BWSTE Phase 2 geotechnical investigation.  As part of the Eagon Report, pump testing was not completed 
within the soil aquifer zone, and no soil details are available at this site.  Two borings were completed at 
this site as part of the Eagon Report investigation; boring FTB-20 was a geotechnical boring, boring FTB-
29 was drilled approximately 10 feet from FTB-20 specifically for the hydrogeologic investigation using a 
rotary wash tricone bit.  As FTB-29 was completed with a tricone bit no usable geotechnical samples for 
soil characterization were recovered.  The geotechnical data gathered in FTB-20 is assumed to be the same 
for FTB-29, and boring B-47 also shows similar geologic conditions to FTB-20.  The soil descriptions from 
FTB-20 consist of; very stiff clay from 0 to 3 ft, very stiff to hard silty clay from 3 to 6 ft, followed by Berea 
sandstone to 50 ft in depth. From a review of the boring logs mentioned the soils can be expected to be 
impermeable at the Shaft 2A site.  
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Shaft 2A - Bedrock Aquifer  
Bedrock information within Shaft 2A is taken from the Eagon Report and Phase 2 boing B-47.  The site 
geologic information from boring FTB-20 indicated Berea Sandstone from 6 to 50 ft, Berea 
Sandstone/Bedford Shale from 50 to 123 ft, Bedford Shale from 123 to 165 ft and Ohio shale from 165 ft 
to the bottom of the boring at 189 ft.  Note that the Big Walnut Phase 2 Tunnel is located at a depth of 
approximately 170 ft to 180 ft.  Due to the lack of aquifers present in the Bedford and Ohio shale the 
Eagon report only investigated the aquifer potential for the Berea Sandstone.   
 
Discussions are presented on the Berea Sandstone formation, within section 4 of the Eagon Report.  The 
Eagon Report found that the hydraulic conductivity for FTB-29 was 9.04 x 10-2 cm/sec, higher than values 
found during the Phase 2 investigation for the Berea Sandstone formation at the Phase 2 Shaft 3.   Within 
Section 8 of the Eagon Report, the report states the following in regard to the Berea formation in the Shaft 
2A area 
 

… FTB-29 on the interval from 22.5 to 45.0 feet was 1.5 x 10-5 cm/sec (318 gpm/ft). This is the 
highest value obtained for the Berea within the project area [Phase 1].  This shaft location [Phase 
I – Shaft 5] is also in the area along Lee Road where residential well survey results reveal that 
Berea wells are most productive. 
 

For the purpose of modeling groundwater flow, the Eagon Report identified the hydraulic conductivity 
ranging from 1.5 x 10-2 cm/sec at the Phase 1 Shaft 5 site, or Shaft 2A on the BWSTE Phase 2 project. The 
Eagon report identified the saturated thickness of the Berea Sandstone aquifer at 44 feet thick, with a 
transmisivity of 5000 gpd/ft. Note these reported values are much higher than other areas due to the high 
transmissivity found at FTB-29.   These values were used by Eagon to model the ground water drawdown 
where the Eagon Report model indicated at 10 to 7 feet of drawdown at 500 to 1,000 ft from Phase 1 
Shaft 5 location.    
 
In an effort to reproduce the draw down effects from the Eagon Report under construction dewatering 
conditions at Shaft 2A, Marsh Wagner (MW) modeled the Eagon information within AquifirWin32 Flow 
Model.  The MW model was setup as a Neuman, 1972 model used to determine the required number of 
wells and the pumping rate to lower the groundwater table below the existing aquifer at a depth below 
surface of 50 ft. An aquifer thickness of 40 ft was used to match that of the Eagon Report.    
 
The MW flow model estimate to draw the groundwater below the 50 ft depth, required 4 wells 20 feet 
apart in a square configuration around Shaft 2A.  Each of the pump wells was set to a constant pump rate 
of 68 GPM.  The wells were modeled with a diameter of 6 inches, screen top depth of 6 feet below ground 
surface, and 44 feet of screen length, for a total of 50 feet in depth below ground surface.  In addition to 
optimizing the transmissivity and storage coefficient in the model, the parameters also considered the 
aquifers specific yield assumed to be 0.06 (from Eagon) and the Beta/(r*r) ration assumed to be 1.  
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To get an idea of the local effects on the ground water table, a draw down cone of depression was 
produced as part of the modeling effort. Appendix B, Shaft 2A Cone of Depression, indicates a large cone 
of depression around the Shaft 2A excavation with local wells in the area impacted.  This cone of 
depression from the AquiferWin32 flow model is Figure 3 shown below.  This cone of depression for Shaft 
2A indicates a drawdown of 50.6 ft at the shaft, and 11 to 4 ft at 500 to 1000 feet from the shaft site.  
 

Figure 3: Shaft 2A Cone of Depression 

 

The bedrock within Shaft 2A was not tested for hydraulic conductivity by packer test beyond the Berea 
sandstone layer as part of the Eagon report.  The hydraulic conductivity of the rock unit found during the 
packer testing of Phase 2 boing B-47 ranges from; 1.8x10-3 to 1.8x10-4 cm/sec within the Berea, 3.87x10-
6 to 1.13x10-3 cm/sec within the Bedford and 6.3x10-4 to 9.9x10-4 cm/sec within the Ohio Shale.  
 
It should be noted that the local perched zones are common in the Berea Sandstone and joints/fractures 
may not have been encountered during the geotechnical investigation.  If found during construction 
activities, these features can be expected to drain quickly and recharge with rain.  Should one of the local 
wells be connected the perched aquifer though a joint, the well may be affected more than the model 
indicates during construction activities. 
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Shaft 2  - Soil Aquifer 
Data for pump testing at Shaft 2 was compiled from the Hydrogeologic Investigation Report for the Phase 
1 Big Walnut Sanitary Trunk Sewer, Eagon and Associates March 10, 2003 (Eagon Report).  As part of the 
Eagon Report pump test were not completed within the soil aquifer zone as such no details are available 
of the soils at the site.   Two borings were completed at this site as part of the Eagon Report investigation; 
boring FTB-23 was a geotechnical boring, and boring FTB-30 was drilled approximately 10 feet from FTB-
23 specifically for the hydrogeologic investigation using a rotary wash tricone bit.  As FTB-30 was 
completed with a tricone bit no usable geotechnical information was recovered.  The geotechnical data 
gathered in FTB-23 is assumed to be the same for FTB-30.  The soil from FTB-23 consists of; hard to very 
stiff clay in the top 6 ft, medium dense silt from 6 to 9 ft,  medium stiff clayey silt from 9 to 11.5 ft, a seam 
of gravel from 11.5 to 12.2 ft, and medium stiff clayey silt from 12.2 to 15.5 ft. From these it is assumed 
that the only water producing zone may be within the pervious gravel layer from 11.5 to 12.2 ft, all other 
soil units are impermeable.  
 

Shaft 2 - Bedrock Aquifer  
Bedrock information within Shaft 2 is taken from the Eagon Report.  At this site, geologic information from 
boring FTB-23 indicated Berea Sandstone from 15.5 to 40 ft, Bedford Shale/Berea Sandstone from 40 to 
75 ft, Bedford Shale from 75 to 153 ft and Ohio shale from 75 ft to the bottom of the boring at 170 ft.  
Note that the Big Walnut Phase 2 Tunnel is located at a depth of approximately 154 ft to 164 ft at Shaft 2.  
Due to the lack of aquifers present in the Bedford and Ohio shale the Eagon report only investigated the 
aquifer potential for the Berea Sandstone.   
 
Discussions are presented on the Berea Sandstone formation within Section 4 of the Eagon Report.  The 
hydraulic conductivity for FTB-30 was 5.8 x 10-4 cm/sec, slightly higher than values found for the Berea 
Sandstone formation at the Phase 2 Shaft 3 under the BWSTE Phase 2 investigation.   Within Section 8 of 
the Eagon Report the impacts to local residential wells due to proposed construction of Part 1 Big Walnut 
Sanitary Sewer 6F1 Shaft 6 was discussed.    For the purpose of modeling ground water flow, the Eagon 
Report identified the hydraulic conductivity ranging from 3.0 x 10-4 cm/sec to 5.4 x 10-4 cm/sec at the 
Phase 1 Shaft 6 site or Shaft 2 on the BWSTE Phase 2 project. Further the Eagon report identified the 
saturated thickness of the Berea Sandstone aquifer at 24.5 feet thick, with a transmisitive of 940 gpd/ft.   
These values were used to model the ground water drawdown in the Eagon Report modeling at 3 to 6.5 
feet for at a distance of 500 to 1,000 ft from BWSTE 1 Shaft 6.    
 
In an effort to reproduce the draw down effects from the Eagon Report under construction dewatering 
conditions at Shaft 2, MW modeled the Eagon information within AquifirWin32 Flow Model.  The MW 
model was setup as a Neuman, 1972 model used to determine the required number of wells and the 
pumping rate to lower the groundwater table below the existing aquifer at a depth below surface of 40 
ft. This depth arises from the 15.5 feet of soil overlaying the Berea Formation which is reported to end at 
40 ft in depth.   
 
The MW model solution to draw the groundwater below the 40 ft depth, required 4 wells 20 feet apart in 
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a square configuration around Shaft 2 at the cemetery.  Each of the pump wells was set to a constant 
pump rate of 13 GPM.  The wells were modeled with a diameter of 6 inches, screen top depth of 20 feet 
below ground surface, and 20 feet of screen length, for a total of 40 feet in depth from ground surface.  
In addition to optimizing the transmissivity and storage coefficient in the model, the parameters also 
considered the aquifers specific yield assumed to be 0.06 (from Eagon) and the Beta/(r*r) ratio assumed 
to be 1.  
 
To get an idea of the local effects on the ground water table a draw down cone of depression was 
produced as part of the MW modeling effort. Appendix B, Shaft 2 - Cone of Depression, indicates a small 
cone of depression around the shaft excavation with local wells in the area impacted.  This cone of 
depression is also shown in Figure 4 below.  This cone of depression for Shaft 2 indicates a drawdown of 
40.8 ft at the shaft, and 3.1 to 0.25 ft at 500 to 1000 feet from the shaft site.  
 

Figure 4: Shaft 2 Cone of Depression 

 

 

The bedrock within Shaft 2 was not tested for hydraulic conductivity by packer test beyond the Berea 
sandstone layer.  



  

 

 

 

 

PROJECT MEMORANDUM 

DETAILED DESIGN: HYDROGEOLOGY – R2 

11 

MarshWagner 
iTunnel inc 
175 S 3rd St, Suite 200 
Columbus, OH 43215 
614-484-7078 

 
Atlanta 

Columbus 
Denver 

Jacksonville 
 

 
It should be noted that the local perched zones are common in the Berea Sandstone and joints/fractures 
may not have been encountered during the geotechnical investigation.  If found during construction 
activities, these features can be expected to drain quickly and recharge with rain.  Should one of the local 
wells be connected to a perched aquifer through a joint, the well may be affected during construction 
activities more than indicated in the modeling discussed above.  
 

Shaft 3 – Soil Aquifer 
One pump test at Shaft 3 was conducted in the top of decomposed Berea Sandstone.  The pump well was 
screened 10 – 59 feet below ground surface at elevations 987.6 – 938.6 ft as shown in Appendix A.  Three 
observation wells were installed with screens a depth of 15.5 to 57.4 feet below the ground surface 
(elevations 979.86 ft - 944.2ft). The following physical and spatial well details shown in Table 4 below, 
were used within the pump test and dewatering analysis.  
 

Table 4: Shaft 3 Pump Well and Observation Well Details 

  

Screen Length 
(ft) 

Screen Type 
Radial Distance 

from PW 
(ft) 

Geologic Material 

PW3 40.2 
6-inch Dia. open hole in 

bedrock - 
Decomposed Berea 

Sandstone  

OW10 40.2 
3 Dia. casing, open hole 

in bedrock 

25.2 

OW11 38.4 75.1 

OW12 36.9 125.2 

 
The results from this test were curve-matched in the same manner as described in the Shaft 1 – Soil 
Aquifer above. The results of the curve matching process for a Theis 1935 aquifer model, established in 
AquiferWin32, can be seen in Table 5 below.  These results are slightly higher than typical transmissivities 
which range between 3.0E-10 to 6.0E-06 for sandstone formations. However, this can be explained by the 
decomposed zone screen section included above competent rock.  
 

Table 5:  Shaft 3 Pump Test Testing Results 

  
Transmissivity 

(gpd/ft) 
Hydraulic Conductivity 

(cm/sec) Storativity  
Specific 

Storage (1/ft) 

Shaft 3 Geometric 
Mean* or Average  1.35E+03* 1.82E-03* 7.03E-04 2.01E-05 

OW10 9.76E+02 1.31E-03 5.41E-04 1.55E-05 

OW11 1.18E+03 1.59E-03 1.16E-03 3.30E-05 

OW12 2.14E+03 2.88E-03 4.13E-04 1.18E-05 

PW3** 1.09E+03 1.47E-03 4.62E-03 1.32E-04 

** Data point not included in reported Geometric Mean or Average. 
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During the Shaft 3 pump test, the pumping was able to draw the groundwater table down over 14 feet to 
elevation 981 ft at a 12 GPM pumping rate for 24-hours in PW-2. Using this coupled with the data in the 
tables above a Flow model with a Neuman, 1972 simulation was set up in AquiferWin32 to determine the 
required number of wells and pumping rate to lower the groundwater table below the existing aquifer at 
a depth below ground surface of 35 ft.  
 
The model solution to draw the groundwater below the 35 ft depth, required 4 wells 20 feet apart in a 
square configuration around Shaft 3.  Each of the pump wells was set to a constant pump rate of 2 GPM.  
The wells were modeled with a diameter of 6 inches, screen top depth of 5 feet, and 35 feet of screen 
length, for a total of 40 feet in depth.  In addition to optimizing the transmissivity and storage coefficient 
in the model, the parameters also considered the aquifers specific yield (assumed to be 0.2) and the 
Beta/(r*r) ratio (assumed to be 1). The optimized transmissivity was found to be 0.133 sqft/min 
(1.43x10^3 gpd/ft).  No optimization was found for the storage coefficient of 7.03x10^-4. 
 
To get an idea of the local effects on the ground water table a draw down cone of depression was 
calculated, see Figure 5 below. Appendix B, Shaft 3 Cone of Depression, indicates a small cone of 
depression around the shaft excavation with local wells in the area impacted.    
 
Figure 5: Shaft 3 Cone of Depression 

 
 
During the hydrogeologic investigation no residential wells were monitored for the pump tests at Shaft 3.  
However, desktop investigation shows that four wells may be affected under the assumed dewatering 
conditions above.  Details on these wells can be found within Appendix C of this TM and are designated 
by yellow highlighting.   
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Due to the sensitivity of residential wells in the project area under dewatering conditions and the 
variability of the sandstone fractures encountered, more wells may be impacted than noted if dewatering 
is utilized during construction.  For these reasons it is recommended to avoid dewatering during the 
construction of Shaft 3.  
 

Shaft 3 - Bedrock Aquifer  
Hydraulic conductivity of the bedrock around Shaft 3 was by in-situ packer test for the full length of all 
core runs.  Details on the packer testing procedures and results can be found within the project GDR 
Appendix D – Packer Test Results.  Packer tests that returned a value greater than zero flow are shown in 
Table 6 below. Note that not all test returned a value, as many were found to be zero flow. 

 

Table 6:  Shaft 3 Associated Packer Test Values  

Boring Test Interval by 
Depth Range 

(ft) 

Associate Rock Unit Average Hydraulic 
Conductive, K (cm/sec) 

B-40 / Shaft 3 33 – 43 Decomposed Berea  4.01E-06 

B-40 / Shaft 3 43 – 53 Berea / Bedford  5.87E-07 

B-40 / Shaft 3 73 – 83  Berea / Bedford  4.28E-07 

Overall Average 1.67E-06 

  

From the packer test we see that the hydraulic conductivity is quite low when in competent rock and only 
slightly higher in the weathered/decomposed rock zones. The values in the Berea/Bedford zone are within 
the anticipate rage of 1 x 10 -11 to 1 x 10-7 cm/s.   
 
It should be noted that the local perched zones are common in the Berea Sandstone and joints/fractures 
may not have been encountered during the geotechnical investigation.  If found during construction 
activities, these features can be expected to drain quickly and recharge with rain.  Should one of the local 
wells be connected to a perched aquifer by a joint, the well may be affected more than the models indicate 
during construction activities. 
 

Conclusion - Number of Impacted Wells   
Due to the fragile nature of residential wells in the project area when placed under dewatering conditions 
it is recommended to avoid dewatering during construction of the Phase 2 project for all shaft sites.  
Should dewatering be required or requested by the contractor further analysis of the contractors 
dewatering plan should be completed at that time.  Monitoring of residential wells against the 
contractor’s plan and implementation of a contractor’s proposed mitigation program is also suggested if 
dewatering is allowed.  
 
Appendix C is a database of wells within the project area that may be impacted during construction.  The 
most susceptible wells at each shaft are highlighted in yellow within Appendix C.  Wells within one mile 
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that may be affected are also listed.   The total number of susceptible wells for each shaft discussed within 
this TM are shown in Table 7. 

Table 7: Potential Range of Impacted Wells 

 
Number of Wells Most 

Susceptible to be Impacted 
Number of Wells Within 1 mile 

of Shaft 

Shaft 1 21 159 

Shaft 2A 34 55 

Shaft 2 @ Cemetery 9 50 

Shaft 3 4 10 
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Appendix B:  Cone of Depressions 
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Appendix C:  Potential Range of Impacted Wells 



BIG WALNUT TRUNK EXTENSION PHASE 2 CAPITAL IMPROVEMENTS PROJECT 650033-100002

OBJECTID ODNR Well_LogNo NAME ADDRESS EASTING NORTHING

485 371494 GEORGE PANCAKE JOHNSTOWN-UTICA RD 1867426.4 765504.364
778 484520 JOHN BOHLANDER CONT. 6185  ALICE DR 1867426.52 765394.344
798 493825 STEVE ZEHABA 10145  ADAMS RD 1867420.44 765344.459
834 511988 GATCHELL BROTHERS BU 4399  WALNUT ST 1867601.88 765314.59
835 511992 GATCHELL BROTHERS CENTRAL COLLEGE RD 1867601.88 765314.59
836 516151 ROBERT TAYLOR 6198  ALICE DR 1867601.88 765314.59
438 353671 L RISTINE 9335  HARLEM RD 1867377.55 765113.3
439 353678 FRANK JOST 5740  WARNER RD 1867377.55 765113.3
483 371460 D LANNING BEVELHEIMER RD 1867326.57 765516.421
484 371485 GARY/J JOHNSON/HOCKWORTH CENTER VILLAGE TR 1867326.57 765516.421
486 372368 SKILL CONSTRUCTION 6881  CEDAR BROOK 1867315.68 765800.255
489 375916 BOB JORDAN 6869  CENTRAL COLLEGE RD 1867475.46 765879.762
643 430112 MARJORIE GARRABRANT FANCHER RD 1868301.43 765141.312
847 516198 JOE GALL 4910  WALNUT ST 1868288.96 765169.777
849 519419 CLYDE MASON 5876  HARLEM RD 1868288.96 765169.777
628 426886 MELVIN HATCH 10699  62 SR 1868588.82 765161.303
644 430147 BOB BARR BEECH/JUG STREET RD 1868918.64 765298.435
733 459600 ROGERS RICKETTS/ESTY CONT 62 SR 1868624.46 765117.446

779 484522 ROBERT TAYLOR JENNETTE DR 1866771.14 765349.616

815 503012 ROBERT TAYLOR 6115  ALICE DR 1866894.59 765366.606
823 505627 MIKE KEMP 6101  MILLER-PAUL RD 1868486.63 765141.307
474 369021 J STEELESMITH 9111  MILLER-PAUL RD 1866707.42 767168.466
475 369025 LOWELL HATCH BUILDRS 6886  CEDAR BROOK 1866443.45 766710.511
476 369027 MELVIN HATCH 6910  WALNUT ST 1866271.46 766516.305
477 369030 B&L BUILDERS 6000  WALNUT ST 1866994.57 766995.36
478 369031 JOE SCHYBAL 6006  WALNUT ST 1866994.57 766995.36
479 369033 JOHN CREAGER 7226  HOLLANDIA DR 1866652.45 766440.449
480 369034 JOHN CREAGER 7210  HOLLANDIA DR 1866569.39 766307.449
481 369045 LOWELL & HATCH CONST 6857  CEDAR BROOK 1866392.55 766091.404
482 369056 ROGER HATCH 6893  CEDAR BROOK 1866028.5 765721.291
488 372381 SKILL CONSTRUCTION 6865  CENTRAL COLLEGE RD 1866059.09 765677.815
507 380701 CHARLES HAHN ADAMS RD 1866713.15 766924.725
509 380705 WM FLING MONTGOMERY TR 1866366.36 766255.81
510 380710 RALPH COOK 6499  CEDAR GLEN CT 1866554.86 766520.989
511 383002 SKILL CONSTRUCTION 6890  CEDAR BROOK 1866554.86 766520.989
513 383029 JOHN GREGEL 6840  CEDAR BROOK 1866561.22 766710.4
514 383030 SKILL CONSTRUCTION 6865  CEDAR BROOK 1867089.5 767298.442
526 385330 ROBERT BAUR MANITOU DR 1865696.84 765340.486
626 422880 GEORGE HATHAWAY 7388  BEVELHEIMER RD 1869285.66 765220.488
627 426885 MELVIN HATCH 10715  62 SR 1869662.86 765098.79
645 431424 MELVIN HATCH WILBUR RD 1869752.53 765065.288
701 444127 ROGER/HAROLD ESTY/CORBIN 7564  605 SR 1867245.66 767176.868
738 465071 FRED WILCOXEN 1900  WOODLAND CIR 1869770.67 765484.528
744 465960 M.D. HATCH BUILDERS 7031  DORAN 1866762.6 766562.41
745 465961 ROBERT HILL 7199  CENTRAL COLLEGE RD 1865466.44 765234.32
773 480525 DON STAFFORD 13793  FANCHER RD 1866928.36 766878.321
794 489948 GATCHELL BROTHERRS W 605/ROBINS RD 1866867.57 766718.637
813 503001 ROBERT TAYLOR 6099  ALICE DR 1867049.49 767156.525
814 503011 ROBERT TAYLOR 6127  ALICE DR 1866652.45 766440.449
816 503025 GARRY BLAIR 15525  MONTGOMERY RD 1866087.44 765355.293
817 503038 RON SHANKS 6528  CENTRAL COLLEGE RD 1865466.44 765234.32
852 520986 MELVIN HATCH 5257  SMOTHERS RD 1869455.39 764986.669
441 353851 ROBERT BENNETT 7088  LEE RD 1864048.37 763887.494
442 353868 JAMES KRAUS 8155  MANITOU DR 1864090.48 764396.613
443 354164 ROGER HATCH 8371  SCHLEPPI RD 1864250.32 764417.446
444 354179 E WOODS 7677  CENTRAL COLLEGE RD 1864801.37 764736.492
445 354208 MYRON LONGSTRETH 10153  62 SR 1864888.58 764853.439
446 354212 W WOODS 7645  CENTRAL COLLEGE RD 1865140.4 764998.492
447 354227 MELVIN HATCH 6490  CEDAR BROOK 1865454.39 764885.369
448 354230 JAMES STEELESMITH 10659  RIDGE VIEW DR 1865454.39 764885.369

Shaft 1- Potential Impacted Wells 
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Yellow Highlighted cells indicate those wells that are within the modeled drawdown zone,  Un-highlighted cell
indicated those wells within 2500 feet of the shaft.



BIG WALNUT TRUNK EXTENSION PHASE 2 CAPITAL IMPROVEMENTS PROJECT 650033-100002

OBJECTID ODNR Well_LogNo NAME ADDRESS EASTING NORTHING

449 354231 LOWELL HATCH 7110  BEVELHEIMER RD 1865437.47 764716.402
450 354244 JOHN CREAGER 7244  HOLLANDIA DR 1865363.33 764441.293
451 354245 JOHN CREAGER 7280  HOLLANDIA DR 1865836.42 762858.301
452 354246 JOHN CREAGER 7277  HOLLANDIA DR 1865376.46 766766.576
453 354247 MELVIN HATCH 6899  CEDAR BROOK 1865376.46 766766.576
454 354249 JOE SCHYDAL 6500  CEDAR BROOK 1865370.46 766323.609
455 354723 CHARLES DICKSON 4884  SMOTHERS RD 1864046.43 766192.801
456 354890 RUSS STRINGER 6613  HARLEM RD 1864046.43 766192.437
457 354892 RUSS STRINGER 6613  HARLEM RD 1864046.43 766192.437
458 354990 SKILL CONST. 6961  NEW ALBANY-CONDIT RD 1864427.56 766286.31
459 354998 SKILL CONSTR. 8381  SCHLEPPI RD 1864813.37 766092.372
460 358232 ANDOVER CONSTRUCTION 4420  CENTRAL COLLEGE RD 1865139.51 765943.494
461 358233 ANDOVER CONSTRUCTION 7200  CUBBAGE RD 1865233.47 766070.615
462 358237 ANDOVER CONSTRUCTION 8011  WALNUT ST 1865355.58 766037.329
463 358238 ANDOVER CONSTRUCTION 8001  WALNUT ST 1865505.43 766081.526
464 358813 CHARLES JORDEN 8080  CENTRAL COLLEGE RD 1865505.43 766081.526
465 358817 PAUL DUNCH 5285  RED BANK RD 1866983.51 768349.516
466 358821 ROBERT THACHER FANCHER CR 1866850.49 768243.675
467 358822 ROY KEAN KEAN RD 1867149.36 768204.586
468 358850 JAMES STRAUER 6200  HARLEM RD 1867022.54 768177.408
469 366436 SKILL CONSTRUCTION 6878  CEDAR BROOK 1866922.52 767861.596
470 366438 SKILL CONSTRUCTION 6881  CEDAR BROOK 1867491.6 768167.513
471 367769 WOLF OWNER HARLEM RD 1867453.41 768061.654
472 368335 ANDOVER CONSTRUCTION 8021  WALNUT ST 1867636.41 767934.51
473 368336 ANDOVER CONSTRUCTION 8031  WALNUT ST 1867022.36 767645.528
487 372369 SKILL CONSTRUCTION 6869  CEDAR BROOK 1867004.07 768315.189
504 380669 WEDO BEVILACQUA 5810  WARNER RD 1866953.59 768282.605
505 380680 JOHN TEELE 6500  CEDAR GLEN CT 1866953.59 768282.605
506 380696 ANDOVER CONSTRUCTION CO 13540  FANCHER CR 1866953.59 768282.605
508 380702 ROBBIN NYE 62 USRT 1867214.03 767658.602
512 383028 SKILL CONST. CO. 8080  CLOUSE RD 1867382.87 767909.294
525 385326 JOHN CREAGER 7955  BEVELHEIMER RD 1865463.68 764419.754
550 398326 MELVIN HATCH 6883  CEDAR BROOK PL 1864830.4 767855.524
551 398329 NEW ALBANY CHURCH OF 62 SR 1864548.51 767738.649
552 398336 JOHN SNOWLY 13585  BEVELHEIMER RD 1864487.35 767016.489
553 398337 JOHN CREAGER HOLLANDIA DR 1864526.46 766867.329
554 398338 JOHN CREAGER HOLLANDIA DR 1864472.47 766528.386
555 398353 MELVIN HATCH 6877  CEDAR BROOK DR 1864273.48 766573.651
556 398355 JOE SCHYBAL 8025  BEVELHEIMER RD 1865138.56 767214.547
557 398356 JOE SCHYBAL 8039  BEVELHEIMER RD 1865061.53 767053.476
558 398381 ROGER HATCH 6901  CEDAR BROOK DR 1865061.53 767053.476
559 399453 MILLARD BARROW 11175  FANCHER RD 1865061.55 766717.59
560 400651 KRASINSKI REALTORS 5596  CENTRAL COLLEGE RD 1865061.55 766717.59
561 400694 WILLARD CECIL 1049  HARMON AVE 1865061.55 766717.59
562 400919 S ENDSLOW HARLEM RD 1865409.56 767131.471
563 400922 DALA HOLTREY 13435  BEVELHEIMER RD 1865387.37 766903.509
565 400946 AUGUST WENGER ADAMS RD 1869258.64 762187.428
566 400947 CHARLES ROTH ADAMS RD 1869477.62 762092.58
567 405255 GARY SMITH 11530  JOHNSTOWN RD 1870007.65 762549.526
568 405263 DENNIS BROWN 8195  WALNUT ST 1870329.49 762426.597
605 414178 STANLEY WEGRICK 167  LAWRENCE LN 1869208.54 769015.359
606 414179 JORDAN CONTR BOB 6603  HAVENS CORNERS RD 1869180.48 768781.587
646 431432 JOHN CREAGER 7558  LEE RD 1870051.52 765046.634
647 431450 MELVIN HATCH 7619  WILBUR RD 1870174.57 765036.319
648 431871 CLARK 10930  62 USRT 1870331.45 765017.494
649 432955 ROBERT BARR 13581  CENTER VILLAGE RD 1870652.49 765203.499
650 432967 HARLEM GRANAGE HALL CENTER VILLAGE RD 1870871.51 765193.544
651 432976 SCHEPLLER 5939  WALNUT RD 1871368.42 765283.432
652 432980 JAMES ZAISER 10574  ADAMS RD 1871482.5 765121.608
653 432982 JOE DANNA 9816  ADAMS RD 1871624.64 765126.527
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indicated those wells within 2500 feet of the shaft.



BIG WALNUT TRUNK EXTENSION PHASE 2 CAPITAL IMPROVEMENTS PROJECT 650033-100002

FeatID BEDROCK_DE TOTAL_DEPT LONGITUDE LATITUDE

654 432983 BRUCE LEHNER 10201  ADAMS RD 1871758.59 765112.535
675 438009 R HULL 7882  PETER HOOVER RD 1868746.6 762254.29
676 438012 GENE ADAMS 6495  CENTRAL COLLEGE RD 1869020.67 762435.36
690 443961 GATCHELL & GATCHELL 11053  JOHNSTOWN RD 1867258.35 767549.134
691 443962 GATCHELL & GATCHELL 13074  BEVELHEIMER RD 1868462.54 769300.273
692 443976 GATCHELL & GATCHELL 11053  JOHNSTOWN RD 1868307.83 769082.305
693 443979 GATCHELL & GATCHELL 13725  BEVELHEIMER RD 1868307.83 769082.305
699 444122 VIRGINIA MEYERS 10716  JOHNSTOWN RD 1863884.07 764073.603
703 448933 CHAS SIGLER 5181  WARNER RD 1865760.13 761987.205
720 456029 STANLEY KITSMILLER 8390  CENTRAL COLLEGE RD 1865982.82 762738.216
724 458271 PAUL FILING BUILDER 7360  CUBBAGE RD 1870251.29 762462.602
731 459571 M.D. HATCH BUILDERS 6995  DORAN DR 1870149.49 762473.563
736 463819 HAROLD BAKER 10905  JOHNSTOWN RD 1870592.19 763790.974
739 465080 ROGER HATCH-CONTRACT 8077  CENTRAL COLLEGE RD 1868730.85 762586.958
743 465959 M.D.HATCH BUILDERS 6834  WALNUT ST 1865332.32 766644.35
750 467029 J VOWE 7763  SCHLEPPI RD 1867635.41 768386.613
759 472972 ROGER & ESTY CONT. 13380  BEVELHEIMER RD 1868913.91 768427.078
760 473406 ROBERT RANNEY 6526  KITZMILLER RD 1869932.66 765055.477
762 473413 & GARCHELL GATCHELL 39  E MAIN ST NEW ALBANY 1869522.56 762492.405
774 480541 JAME FRY WALNUT ST 1865020.5 764890.421
777 484511 ROGER HILL 12549  FANCHER RD 1864494.54 766656.529
782 484545 RONALD SHANKS BUILDE 6833  CENTRAL COLLEGE RD 1870766.6 765194.314
783 484546 W BOARDMAN 5979  HARLEM RD 1868980.62 768815.525
786 488012 HAROLD PHILLIPS 7447  BEVELHEIMER RD 1870472.56 762378.318
787 488014 LANG LEFFEL ROGERS 7869  PETER HOOVER RD 1871768.45 765056.759
793 489941 GATCHELL BROTHERS BEECH RD 1865139.51 765943.494
795 492738 JOHN REDMOND 7849  WALNUT ST 1865901.56 762569.511
796 493817 RONALD SHANKS 6801  CENTRAL COLLEGE RD 1871460.79 765076.154
797 493820 STEVE CARR 5801  RED BANK RD 1865061.55 766717.59
799 493826 CECIL ROUTTE CONT 10940  ADAMS RD 1864760.51 763302.407
802 493834 HAROLD MOE BLDRS. IC 5492  RED BANK RD 1870999.62 765188.313
810 495514 R B FRUMAN TIPPET RD 1864273.48 766573.651
811 495545 BOB FREEMAN TIPPET RD 1864890.52 766417.377
812 497573 J & B CONST. CO. 62 SR 1867552.49 767796.41
824 505663 JERRY SMITH 7891  WALNUT ST 1871406.53 764935.378
827 506461 DON/JIM JOTOROW/BLAIR 13310  BEVELHEIMER RD 1869078.49 762197.244
831 506726 ROBERT TAYLOR 6071  ALICE DR 1865471.96 765079.105
832 507689 DEAN CONWIN 8411  CENTRAL COLLEGE RD 1865506.61 764656.375
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BIG WALNUT TRUNK EXTENSION PHASE 2 CAPITAL IMPROVEMENTS PROJECT 650033-100002

OBJECTID ODNR Well_LogNo NAME ADDRESS EASTING NORTHING

466 358821 ROBERT THACHER FANCHER CR 1866850.492 768243.6745
467 358822 ROY KEAN KEAN RD 1867149.362 768204.586
468 358850 JAMES STRAUER 6200  HARLEM RD 1867022.537 768177.4083
469 366436 SKILL CONSTRUCTION 6878  CEDAR BROOK 1866922.524 767861.5959
470 366438 SKILL CONSTRUCTION 6881  CEDAR BROOK 1867491.599 768167.5134
471 367769 WOLF OWNER HARLEM RD 1867453.412 768061.6542
473 368336 ANDOVER CONSTRUCTION 8031  WALNUT ST 1867022.358 767645.5277
487 372369 SKILL CONSTRUCTION 6869  CEDAR BROOK 1867004.069 768315.1888
487 372369 SKILL CONSTRUCTION 5810  WARNER RD 1866953.588 768282.6045
504 380669 WEDO BEVILACQUA 6500  CEDAR GLEN CT 1866953.588 768282.6045
505 380680 JOHN TEELE 13540  FANCHER CR 1866953.588 768282.6045
506 380696 ANDOVER CONSTRUCTION 62 USRT 1867214.027 767658.6018
508 380702 ROBBIN NYE 8080  CLOUSE RD 1867382.87 767909.2938
512 383028 SKILL CONST. CO. 6070  LAKEWOOD DR 1869104.636 769836.5416
600 413050 RON GERWIG 7374  BEVELHEIMER RD 1868615.544 769795.4835
601 413101 BILL CLARK SHER LIN COURT RT 2 1868464.521 769588.4286
603 414159 FRANK CROSSWELL CENTER VILLAGE RD 1868650.514 769443.4287
604 414175 GAIL JACOBUS 167  LAWRENCE LN 1869208.535 769015.3589
605 414178 STANLEY WEGRICK 6603  HAVENS CORNERS 1869180.484 768781.587
606 414179 JORDAN CONTR BOB 6880  BEVELHEIMER RD 1868994.176 770055.9227
681 438411 ROGER HATCH 11053  JOHNSTOWN RD 1867258.346 767549.1335
690 443961 GATCHELL & GATCHELL 11053  JOHNSTOWN RD 1868307.833 769082.3046
692 443976 GATCHELL & GATCHELL 13725  BEVELHEIMER RD 1868307.833 769082.3046
693 443979 GATCHELL & GATCHELL BEECH RD 1868178.153 770236.2023
710 449871 BOB BARR CONSTRUCTIO 7763  SCHLEPPI RD 1867635.414 768386.613
750 467029 J VOWE 13380  BEVELHEIMER RD 1868913.912 768427.0775
780 484530 DON PIERCE 5912  MILLER-PAUL RD 1868884.507 770120.4723
783 484546 W BOARDMAN 5979  HARLEM RD 1868980.618 768815.5252
812 497573 J & B CONST. CO. 62 SR 1867552.494 767796.4102
820 504832 ROGER HATCH-BUILDER 10696  JOHNSTOWN RD 1868601.631 769318.6661
474 369021 J STEELESMITH 9111  MILLER-PAUL RD 1866707.415 767168.4664
477 369030 B&L BUILDERS 6000  WALNUT ST 1866994.569 766995.3602
478 369031 JOE SCHYBAL 6006  WALNUT ST 1866994.569 766995.3602
507 380701 CHARLES HAHN ADAMS RD 1866713.147 766924.7253
514 383030 SKILL CONSTRUCTION 6865  CEDAR BROOK 1867089.499 767298.4424
527 385334 JOHN FLYNN 8117  MANITOU DR 1867588.515 771070.6202
528 390006 LEO RICHARDS 605 SR 1867669.305 770990.1507
596 412771 MODULOR ELECTORS 11061  JOHNSTOWN RD 1868319.528 770479.3599
599 413033 KEN HOLTRY 6944  605 SR 1868849.372 770431.3615
607 414194 CLIFF JOHNSTON 4665  GLENMAW AVE 1869876.477 770370.4984
688 441588 ANDOVER CONSTRUCTION 6828  BEVELHEIMER RD 1868484.112 770509.6733
689 443960 GATCHELL & GATCHELL 11057  JOHNSTOWN RD 1868873.206 770588.2821
700 444124 RICHARD SHUPE 62/CLOUSE ROAD USRT 1867297.64 770932.6202
701 444127 ROGER/HAROLD 7564  605 SR 1867245.664 767176.8677
729 459559 WAYNE HARSEY 5026  CENTRAL COLLEGE 1869823.515 770416.9717
755 468294 CARL SOUDER 5241 E WALNUT ST 1868230.456 770799.5716
773 480525 DON STAFFORD 13793  FANCHER RD 1866928.36 766878.3212
794 489948 GATCHELL BROTHERRS W 605/ROBINS RD 1866867.573 766718.6372
800 493828 ROBERT TAYLOR 6158  ALICE DR 1868810.426 770839.5348
813 503001 ROBERT TAYLOR 6099  ALICE DR 1867049.486 767156.5254
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indicated those wells within 2500 feet of the shaft.



BIG WALNUT TRUNK EXTENSION PHASE 2 CAPITAL IMPROVEMENTS PROJECT 650033-100002

OBJECTID ODNR Well_LogNo NAME ADDRESS EASTING NORTHING

600 413050 RON GERWIG 6070  LAKEWOOD DR 1869104.636 769836.5416
607 414194 CLIFF JOHNSTON 4665  GLENMAW AVE 1869876.477 770370.4984
681 438411 ROGER HATCH 6880  BEVELHEIMER RD 1868994.176 770055.9227
683 438451 LOWELL MC COLLAM 8019  CLOUSE RD 1870067.178 770499.8106
689 443960 GATCHELL & GATCHELL 11057  JOHNSTOWN RD 1868873.206 770588.2821
718 455925 MACK STEWART 7989  CLOUSE RD 1870067.178 770499.8106
729 459559 WAYNE HARSEY 5026  CENTRAL COLLEGE 1869823.515 770416.9717
780 484530 DON PIERCE 5912  MILLER-PAUL RD 1868884.507 770120.4723
819 504830 HAROLD MCCLAIN 8959  PETER HOOVER RD 1868980.394 770320.461
527 385334 JOHN FLYNN 8117  MANITOU DR 1867588.515 771070.6202
528 390006 LEO RICHARDS 605 SR 1867669.305 770990.1507
536 390820 RAY WEBB 6896  LEE RD 1867236.547 771530.6872
537 390835 FLOYD CAMPBELL HATCH RD 1867236.547 771530.6872
538 390843 DENSE BORRES 13381  BEVELHEIMER RD 1867495.833 771464.4385
539 390844 CHARLES DAVIS 6576  MILLER/PARK CR 1867805.362 771442.4371
541 394335 W BROWN 7810  605 SR 1867661.429 771749.3908
593 412497 ELLIS BRICKEY 6941  605 SR 1868283.483 772250.3825
594 412498 W MCKINNEY 6499  CEDAR BROOK DR 1868270.46 771576.4722
595 412760 MODULAR ERECTORS 6439  EVANS RD 1868428.572 771457.4465
596 412771 MODULOR ELECTORS 11061  JOHNSTOWN RD 1868319.528 770479.3599
597 413026 CARL GREENHART 7436  NEW ALBANY- 1869047.368 771275.4004
601 413101 BILL CLARK 7374  BEVELHEIMER RD 1868615.544 769795.4835
602 413184 JOHN CREAGER HUGHES RD 1868953.393 769643.6925
603 414159 FRANK CROSSWELL SHER LIN COURT RT 2 1868464.521 769588.4286
604 414175 GAIL JACOBUS CENTER VILLAGE RD 1868650.514 769443.4287
605 414178 STANLEY WEGRICK 167  LAWRENCE LN 1869208.535 769015.3589
606 414179 JORDAN CONTR BOB 6603  HAVENS CORNERS 1869180.484 768781.587
608 416603 KENNARD FOREST RED BANK CR 1870153.583 771499.4866
609 416607 JOE SCHYBAL 7901  BEVELHEIMER RD 1870207.857 770640.9766
610 416657 MELVIN HATCH 6846  CEDAR BROOK PL 1870207.576 770640.6134
611 416659 ROGER HATCH 6734  BEVELHEIMER RD 1870954.515 770315.6734
682 438433 JACK HALL 10913  JOHNSTOWN RD 1870925.254 770343.4735
684 438452 MELVIN HATCH 7685  WILBUR RD 1870153.855 770492.1868
688 441588 ANDOVER CONSTRUCTION 6828  BEVELHEIMER RD 1868484.112 770509.6733
691 443962 GATCHELL & GATCHELL 13074  BEVELHEIMER RD 1868462.54 769300.2729
692 443976 GATCHELL & GATCHELL 11053  JOHNSTOWN RD 1868307.833 769082.3046
693 443979 GATCHELL & GATCHELL 13725  BEVELHEIMER RD 1868307.833 769082.3046
700 444124 RICHARD SHUPE 62/CLOUSE ROAD USRT 1867297.64 770932.6202
710 449871 BOB BARR CONSTRUCTIO BEECH RD 1868178.153 770236.2023
717 454733 GARY DORAN CONTRACTO 62 SR 1871283.576 770422.2383
751 467035 BERNARD DEMATTIES ALICE DR 1868204.49 771867.4485
752 468259 DORANCE GRPOVE 5576  RED BANK RD 1871409.655 770259.6384
755 468294 CARL SOUDER 5241 E WALNUT ST 1868230.456 770799.5716
759 472972 ROGER & ESTY CONT. 13380  BEVELHEIMER RD 1868913.912 768427.0775
783 484546 W BOARDMAN 5979  HARLEM RD 1868980.618 768815.5252
800 493828 ROBERT TAYLOR 6158  ALICE DR 1868810.426 770839.5348
807 494035 JOHN MOORE <Null> 1867495.554 771464.4396
820 504832 ROGER HATCH-BUILDER 10696  JOHNSTOWN RD 1868601.631 769318.6661
821 504843 ROGER HATCH 6516  CEDAR BROOK 1870207.576 770640.6134
839 516156 JOE YOAKUM 7777  SCHOTT RD 1870522.984 770472.537

Shaft 2 - Potential Impacted Wells 

Hydrogeology Report Appendix C 5 of 6

Yellow Highlighted cells indicate those wells that are within the modeled drawdown zone,  Un-highlighted cell
indicated those wells within 2500 feet of the shaft.



BIG WALNUT TRUNK EXTENSION PHASE 2 CAPITAL IMPROVEMENTS PROJECT 650033-100002

FeatID OBJECTID ODNR Well_LogNo NAME ADDRESS EASTING NORTHING

694 694 443994 GATCHELL & GATCHELL 6834  CEDAR BROOK 1871919.25 775738.638
695 695 443998 GATCHELL/GATCHELL 3721  GREEN-COOK RD 1871919.25 775738.638
696 696 443999 GATCHELL & GATCHELL 6835  CEDAR BROOK 1871919.25 775738.638
756 756 468295 JOHN MORRIS 4485  CENTRAL COLLEGE 1871643.58 775680.677
781 781 484531 RANDY THOMPSON 13030  BEVELHEIMER RD 1871432.43 775601.705
631 631 428474 ANDREW STARINCHAK 6381  ULRY RD 1872456.84 775179.201
634 634 429616 DAVE DIXON ROGER & E 7790  WALNUT ST 1872546.76 775295.437
697 697 444104 DAVE MC KINNER 7558  SCHLEPPI RD 1871116.88 775789.08

Shaft 3  - Potential Impacted Wells 

Hydrogeology Report Appendix C 6 of 6

Yellow Highlighted cells indicate those wells that are within the modeled drawdown zone,  Un-highlighted cell
indicated those wells within 2500 feet of the shaft.
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Appendix I SOIL LABORATORY TESTING RESULTS 

I.1 Specific Gravity Laboratory Results 
I.2 Soil Classification Laboratory Results 
I.3 Triaxial Compression Laboratory Results 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

I.1 SPECIFIC GRAVITY LABORATORY 

RESULTS 

  





RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-38

Columbus, Ohio 43231 Sample No.: S-4
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/20/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #8

Mass of Pycnometer: 46.99 g  (Mf)
Mass of Pycnometer + Sample: 56.99 g

Mass of Sample: 10 g  (Mo)

Mass of Pycnometer + Sample + Water: 153.025 g  (Mb)
Water Temperature: 23.4 C  (Tb)

Mass of Pycnometer with Water @ Tb: 146.626 g  (Ma)* for Pyc.# 8

Specific Gravity: * Ma @ Tb = -0.02358 (Tb)     + 147.178
G @ Tb = Mo for Pycnometer #8 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.777 K @ Tb = 0.99922 (see chart)
G @ 20.0 C = 2.775

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987



RESOURCE INTERNATIONAL, INC. Project: BWSTE
Engineering Consultants Project No.: W-15-012

6350 Presidential Gateway Boring No.: B-38
Columbus, Ohio 43231 Sample No.: S-6
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/20/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X
P-4

Pycnometer No. PYC #7

Mass of Pycnometer: 46.89 g  (Mf)
Mass of Pycnometer + Sample: 56.891 g

Mass of Sample: 10.001 g  (Mo)

Mass of Pycnometer + Sample + Water: 153.147 g  (Mb)
Water Temperature: 23.4 C  (Tb)

Mass of Pycnometer with Water @ Tb: 146.734 g  (Ma)* for Pyc.# 7

Specific Gravity: * Ma @ Tb = -0.02363 (Tb)     + 147.287
G @ Tb = Mo for Pycnometer #7 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.787 K @ Tb = 0.99922 (see chart)
G @ 20.0 C = 2.785

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-38

Columbus, Ohio 43231 Sample No.: S-10
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #8

Mass of Pycnometer: 46.994 g  (Mf)
Mass of Pycnometer + Sample: 56.998 g

Mass of Sample: 10.004 g  (Mo)

Mass of Pycnometer + Sample + Water: 153.022 g  (Mb)
Water Temperature: 23.5 C  (Tb)

Mass of Pycnometer with Water @ Tb: 146.624 g  (Ma)* for Pyc.# 8

Specific Gravity: * Ma @ Tb = -0.02358 (Tb)     + 147.178
G @ Tb = Mo for Pycnometer #8 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.774 K @ Tb = 0.9992 (see chart)
G @ 20.0 C = 2.772

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-38

Columbus, Ohio 43231 Sample No.: S-13
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X
P-4

Pycnometer No. PYC #9

Mass of Pycnometer: 46.839 g  (Mf)
Mass of Pycnometer + Sample: 56.842 g

Mass of Sample: 10.003 g  (Mo)

Mass of Pycnometer + Sample + Water: 151.949 g  (Mb)
Water Temperature: 23.3 C  (Tb)

Mass of Pycnometer with Water @ Tb: 145.554 g  (Ma)* for Pyc.# 9

Specific Gravity: * Ma @ Tb = -0.02336 (Tb)     + 146.098
G @ Tb = Mo for Pycnometer #9 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.772 K @ Tb = 0.99924 (see chart)
G @ 20.0 C = 2.770

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-38

Columbus, Ohio 43231 Sample No.: S-15
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/20/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #10

Mass of Pycnometer: 46.471 g  (Mf)
Mass of Pycnometer + Sample: 56.474 g

Mass of Sample: 10.003 g  (Mo)

Mass of Pycnometer + Sample + Water: 152.272 g  (Mb)
Water Temperature: 23.3 C  (Tb)

Mass of Pycnometer with Water @ Tb: 145.865 g  (Ma)* for Pyc.# 10

Specific Gravity: * Ma @ Tb = -0.02352 (Tb)     + 146.414
G @ Tb = Mo for Pycnometer #10 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.781 K @ Tb = 0.99924 (see chart)
G @ 20.0 C = 2.779

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-38

Columbus, Ohio 43231 Sample No.: S-16
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/20/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X
P-4

Pycnometer No. PYC #9

Mass of Pycnometer: 46.84 g  (Mf)
Mass of Pycnometer + Sample: 56.84 g

Mass of Sample: 10 g  (Mo)

Mass of Pycnometer + Sample + Water: 151.953 g  (Mb)
Water Temperature: 23.4 C  (Tb)

Mass of Pycnometer with Water @ Tb: 145.552 g  (Ma)* for Pyc.# 9

Specific Gravity: * Ma @ Tb = -0.02336 (Tb)     + 146.098
G @ Tb = Mo for Pycnometer #9 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.779 K @ Tb = 0.99922 (see chart)
G @ 20.0 C = 2.777

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-39

Columbus, Ohio 43231 Sample No.: S-5
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/20/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #10

Mass of Pycnometer: 46.467 g  (Mf)
Mass of Pycnometer + Sample: 56.474 g

Mass of Sample: 10.007 g  (Mo)

Mass of Pycnometer + Sample + Water: 152.263 g  (Mb)
Water Temperature: 23.3 C  (Tb)

Mass of Pycnometer with Water @ Tb: 145.865 g  (Ma)* for Pyc.# 10

Specific Gravity: * Ma @ Tb = -0.02352 (Tb)     + 146.414
G @ Tb = Mo for Pycnometer #10 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.772 K @ Tb = 0.9992 (see chart)
G @ 20.0 C = 2.770

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-39

Columbus, Ohio 43231 Sample No.: S-7
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/20/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #11

Mass of Pycnometer: 47.15 g  (Mf)
Mass of Pycnometer + Sample: 57.148 g

Mass of Sample: 9.998 g  (Mo)

Mass of Pycnometer + Sample + Water: 152.267 g  (Mb)
Water Temperature: 23.3 C  (Tb)

Mass of Pycnometer with Water @ Tb: 145.865 g  (Ma)* for Pyc.# 11

Specific Gravity: * Ma @ Tb = -0.02336 (Tb)     + 146.409
G @ Tb = Mo for Pycnometer #11 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.780 K @ Tb = 0.99924 (see chart)
G @ 20.0 C = 2.778

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-39

Columbus, Ohio 43231 Sample No.: S-9
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/20/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X
P-4 Vacuumed

Pycnometer No. PYC #12

Mass of Pycnometer: 47.108 g  (Mf)
Mass of Pycnometer + Sample: 57.107 g

Mass of Sample: 9.999 g  (Mo)

Mass of Pycnometer + Sample + Water: 151.869 g  (Mb)
Water Temperature: 23.3 C  (Tb)

Mass of Pycnometer with Water @ Tb: 145.503 g  (Ma)* for Pyc.# 12

Specific Gravity: * Ma @ Tb = -0.02328 (Tb)     + 146.046
G @ Tb = Mo for Pycnometer #12 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.752 K @ Tb = 0.99924 (see chart)
G @ 20.0 C = 2.750

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE
Engineering Consultants Project No.: W-15-012

6350 Presidential Gateway Boring No.: B-39
Columbus, Ohio 43231 Sample No.: S-11
Phone (614) 823-4949 Technician: HOYT

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #1

Mass of Pycnometer: 32.471 g  (Mf)
Mass of Pycnometer + Sample: 42.475 g

Mass of Sample: 10.004 g  (Mo)

Mass of Pycnometer + Sample + Water: 88.339 g  (Mb)
Water Temperature: 23.5 C  (Tb)

Mass of Pycnometer with Water @ Tb: 81.947 g  (Ma)* for Pyc.# 1

Specific Gravity: * Ma @ Tb = -0.01171 (Tb)     + 82.222
G @ Tb = Mo for Pycnometer #1 only.

Mo + (Ma - Mb) Exp. 1/15/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.770 K @ Tb = 0.9992 (see chart)
G @ 20.0 C = 2.767

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-39

Columbus, Ohio 43231 Sample No.: S-13
Phone (614) 823-4949 Technician: HOYT

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X
P-4

Pycnometer No. PYC #2

Mass of Pycnometer: 32.392 g  (Mf)
Mass of Pycnometer + Sample: 42.392 g

Mass of Sample: 10 g  (Mo)

Mass of Pycnometer + Sample + Water: 88.301 g  (Mb)
Water Temperature: 23.5 C  (Tb)

Mass of Pycnometer with Water @ Tb: 81.928 g  (Ma)* for Pyc.# 2

Specific Gravity: * Ma @ Tb = -0.01172 (Tb)     + 82.203
G @ Tb = Mo for Pycnometer #1 only.

Mo + (Ma - Mb) Exp. 1/15/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.757 K @ Tb = 0.9992 (see chart)
G @ 20.0 C = 2.755

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-39

Columbus, Ohio 43231 Sample No.: S-18
Phone (614) 823-4949 Technician: HOYT

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #3

Mass of Pycnometer: 32.059 g  (Mf)
Mass of Pycnometer + Sample: 42.059 g

Mass of Sample: 10 g  (Mo)

Mass of Pycnometer + Sample + Water: 88.014 g  (Mb)
Water Temperature: 23.5 C  (Tb)

Mass of Pycnometer with Water @ Tb: 81.645 g  (Ma)* for Pyc.# 3

Specific Gravity: * Ma @ Tb = -0.01174 (Tb)     + 81.921
G @ Tb = Mo for Pycnometer #3 only.

Mo + (Ma - Mb) Exp. 1/15/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.754 K @ Tb = 0.9992 (see chart)
G @ 20.0 C = 2.752

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-39

Columbus, Ohio 43231 Sample No.: S-23
Phone (614) 823-4949 Technician: HOYT

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #4

Mass of Pycnometer: 32.041 g  (Mf)
Mass of Pycnometer + Sample: 42.046 g

Mass of Sample: 10.005 g  (Mo)

Mass of Pycnometer + Sample + Water: 88.497 g  (Mb)
Water Temperature: 23.5 C  (Tb)

Mass of Pycnometer with Water @ Tb: 82.110 g  (Ma)* for Pyc.# 4

Specific Gravity: * Ma @ Tb = -0.01185 (Tb)     + 82.388
G @ Tb = Mo for Pycnometer #4 only.

Mo + (Ma - Mb) Exp. 1/15/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.765 K @ Tb = 0.9992 (see chart)
G @ 20.0 C = 2.763

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-39

Columbus, Ohio 43231 Sample No.: S-28
Phone (614) 823-4949 Technician: HOYT

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #5

Mass of Pycnometer: 32.021 g  (Mf)
Mass of Pycnometer + Sample: 42.021 g

Mass of Sample: 10 g  (Mo)

Mass of Pycnometer + Sample + Water: 87.971 g  (Mb)
Water Temperature: 23.5 C  (Tb)

Mass of Pycnometer with Water @ Tb: 81.571 g  (Ma)* for Pyc.# 5

Specific Gravity: * Ma @ Tb = -0.01173 (Tb)     + 81.847
G @ Tb = Mo for Pycnometer #5 only.

Mo + (Ma - Mb) Exp. 1/15/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.778 K @ Tb = 0.9992 (see chart)
G @ 20.0 C = 2.775

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-39

Columbus, Ohio 43231 Sample No.: S-41
Phone (614) 823-4949 Technician: HOYT

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X
P-4 Vacuumed

Pycnometer No. PYC #6

Mass of Pycnometer: 32.773 g  (Mf)
Mass of Pycnometer + Sample: 42.771 g

Mass of Sample: 9.998 g  (Mo)

Mass of Pycnometer + Sample + Water: 88.435 g  (Mb)
Water Temperature: 23.5 C  (Tb)

Mass of Pycnometer with Water @ Tb: 82.060 g  (Ma)* for Pyc.# 6

Specific Gravity: * Ma @ Tb = -0.01167 (Tb)     + 82.335
G @ Tb = Mo for Pycnometer #6 only.

Mo + (Ma - Mb) Exp. 1/15/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.759 K @ Tb = 0.9992 (see chart)
G @ 20.0 C = 2.757

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987



RESOURCE INTERNATIONAL, INC. Project: BWSTE
Engineering Consultants Project No.: W-15-012

6350 Presidential Gateway Boring No.: B-39
Columbus, Ohio 43231 Sample No.: S-44
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X
P-4

Pycnometer No. PYC #7

Mass of Pycnometer: 46.891 g  (Mf)
Mass of Pycnometer + Sample: 56.889 g

Mass of Sample: 9.998 g  (Mo)

Mass of Pycnometer + Sample + Water: 153.153 g  (Mb)
Water Temperature: 23.2 C  (Tb)

Mass of Pycnometer with Water @ Tb: 146.739 g  (Ma)* for Pyc.# 7

Specific Gravity: * Ma @ Tb = -0.02363 (Tb)     + 147.287
G @ Tb = Mo for Pycnometer #7 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.790 K @ Tb = 0.99924 (see chart)
G @ 20.0 C = 2.788

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-39

Columbus, Ohio 43231 Sample No.: S-47
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/22/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X Vacuumed
P-4

Pycnometer No. PYC #11

Mass of Pycnometer: 47.143 g  (Mf)
Mass of Pycnometer + Sample: 57.138 g

Mass of Sample: 9.995 g  (Mo)

Mass of Pycnometer + Sample + Water: 152.267 g  (Mb)
Water Temperature: 23.5 C  (Tb)

Mass of Pycnometer with Water @ Tb: 145.860 g  (Ma)* for Pyc.# 11

Specific Gravity: * Ma @ Tb = -0.02336 (Tb)     + 146.409
G @ Tb = Mo for Pycnometer #11 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.785 K @ Tb = 0.99924 (see chart)
G @ 20.0 C = 2.783

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



RESOURCE INTERNATIONAL, INC. Project: BWSTE

Engineering Consultants Project No.: W-15-012
6350 Presidential Gateway Boring No.: B-40

Columbus, Ohio 43231 Sample No.: S-2
Phone (614) 823-4949 Technician: Hoyt

Fax (614) 823-4990 Date: 6/20/2018

Test procedure: X A - oven-dry specimens
B - moist specimens

Portion of sample used: P-10 X
P-4 Vacuumed

Pycnometer No. PYC #12

Mass of Pycnometer: 47.107 g  (Mf)
Mass of Pycnometer + Sample: 57.106 g

Mass of Sample: 9.999 g  (Mo)

Mass of Pycnometer + Sample + Water: 151.869 g  (Mb)
Water Temperature: 23.3 C  (Tb)

Mass of Pycnometer with Water @ Tb: 145.503 g  (Ma)* for Pyc.# 12

Specific Gravity: * Ma @ Tb = -0.02328 (Tb)     + 146.046
G @ Tb = Mo for Pycnometer #12 only.

Mo + (Ma - Mb) Calibration expires 3/19/19

G @ 20.0C = K x (G @ Tb)

G @ Tb = 2.752 K @ Tb = 0.99924 (see chart)
G @ 20.0 C = 2.750

Temp.(C)

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0 0.99681 0.9986

0.9972 0.999

0.99707 0.9988

0.99694 0.9987

0.9976 0.9993

0.99745 0.9992

0.99732 0.9991

0.9979 0.9997

0.9978 0.9996

0.9977 0.9995

0.9982 1.0000

0.9981 0.9999

0.9980 0.9998

0.9985 1.0003

0.9984 1.0002

0.0998 1.0001

Specific Gravity of Soils
(ASTM D 854, AASHTO T 100)

Water Density (g/ml) Correction Factor K

0.9986 1.0004



 

I.2 SOIL CLASSIFICATION LABORATORY 

RESULTS 
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RESOURCE INTERNATIONAL, INC.

PROJECT Big Walnut Sewer Trunk Extension Phase 2 PROJECT NO. W-15-012











































Client: Resource International, Inc.
Project: Big Walnut
Location: --- Project No: GTX-308582
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 08/13/18
Test Id: 467199

Tested By: jbr
Checked By: jdt

Moisture Content of Soil and Rock - ASTM D2216

printed 8/16/2018 11:01:39 AM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

OW-3

OW-4

OW-5

OW-6

ST- 1

ST- 1A

ST- 1

ST- 1

6.75-8 ft

4-4.5 ft

3.9-5 ft

15.4-16.5 ft

Moist, brownish gray clay with sand

Moist, grayish brown clay with gravel

Moist, mottled dark grayish brown and
yellowish brown clay with sand.

Moist, gray sandy clay

20.8

28.2

22.8

14.4

Notes: Temperature of Drying : 110º Celsius



Client: Resource International, Inc.
Project: Big Walnut
Location: --- Project No: GTX-308582
Boring ID: OW-3
Sample ID: ST-1
Depth : 6.75-8 ft

Sample Type: tube
Test Date: 08/15/18
Test Id: 467190

Tested By: jbr
Checked By: jdt

Test Comment: ---
Visual Description: Moist, brownish gray clay with sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 8/16/2018 11:07:46 AM

0

10

20

30

40

50

60

70

80

90

100

0.0010.010.11101001000

Pe
rc

en
t F

in
er

Grain Size (mm)

0.
37

5 
in

 

#
4 

#
10

 

#
20

 

#
40

 

#
60

 

#
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0 

#
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% Cobble

---

% Gravel

0.9

% Sand

18.3

% Silt & Clay Size

80.8
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

Hydrometer

---

---

---

---

---

---

---

---

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0294

0.0196

0.0118

0.0085

0.0061

0.0044

0.0032

0.0013

100

99

97

96

94

92

88

81

Percent Finer

63

55

45

40

34

28

24

18

Spec. Percent Complies

 Coefficients
D   =0.1119 mm85

D   =0.0249 mm60

D   =0.0149 mm50

D   =0.0050 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Lean CLAY with Sand (CL)

 AASHTO Clayey Soils (A-6 (7))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Est. Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Resource International, Inc.
Project: Big Walnut
Location: --- Project No: GTX-308582
Boring ID: OW-4
Sample ID: ST-1A
Depth : 4-4.5 ft

Sample Type: tube
Test Date: 08/16/18
Test Id: 467191

Tested By: jbr
Checked By: jdt

Test Comment: ---
Visual Description: Moist, grayish brown clay with gravel
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 8/16/2018 11:07:47 AM
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% Cobble

---

% Gravel

11.0

% Sand

6.8

% Silt & Clay Size

82.2
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

Hydrometer

---

---

---

---

---

---

---

---

19.00

12.50

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0298

0.0190

0.0109

0.0077

0.0058

0.0042

0.0030

0.0013

100

89

89

89

89

88

87

86

85

82

Percent Finer

79

74

65

59

54

50

45

32

Spec. Percent Complies

 Coefficients
D   =0.1620 mm85

D   =0.0082 mm60

D   =0.0042 mm50

D   =N/A30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Fat CLAY with Gravel (CH)

 AASHTO Clayey Soils (A-7-6 (27))

 Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Est. Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Resource International, Inc.
Project: Big Walnut
Location: --- Project No: GTX-308582
Boring ID: OW-5
Sample ID: ST-1
Depth : 3.9-5 ft

Sample Type: tube
Test Date: 08/15/18
Test Id: 467193

Tested By: jbr
Checked By: jdt

Test Comment: ---
Visual Description: Moist, mottled dark grayish brown and yellowish brown clay with sand.
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 8/16/2018 11:07:49 AM
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% Cobble

---

% Gravel

0.6

% Sand

14.8

% Silt & Clay Size

84.6
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

Hydrometer

---

---

---

---

---

---

---

---

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0310

0.0196

0.0118

0.0084

0.0058

0.0043

0.0031

0.0013

100

99

98

97

95

94

91

85

Percent Finer

75

71

58

51

46

41

36

27

Spec. Percent Complies

 Coefficients
D   =0.0789 mm85

D   =0.0126 mm60

D   =0.0077 mm50

D   =0.0017 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Lean CLAY with Sand (CL)

 AASHTO Clayey Soils (A-6 (18))

 Sample/Test Description
Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Est. Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Resource International, Inc.
Project: Big Walnut
Location: --- Project No: GTX-308582
Boring ID: OW-6
Sample ID: ST-1
Depth : 15.4-16.5 ft

Sample Type: tube
Test Date: 08/16/18
Test Id: 467194

Tested By: jbr
Checked By: jdt

Test Comment: ---
Visual Description: Moist, gray sandy clay
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 8/16/2018 11:07:50 AM
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% Cobble

---

% Gravel

6.5

% Sand

27.5

% Silt & Clay Size

66.0
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

Hydrometer

---

---

---

---

---

---

---

---

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0282

0.0201

0.0120

0.0086

0.0061

0.0044

0.0032

0.0013

100

93

86

81

77

74

71

66

Percent Finer

54

48

39

33

28

24

20

15

Spec. Percent Complies

 Coefficients
D   =1.6452 mm85

D   =0.0466 mm60

D   =0.0225 mm50

D   =0.0070 mm30

D   =0.0014 mm15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Sandy Lean CLAY (CL)

 AASHTO Silty Soils (A-4 (3))

 Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Est. Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Resource International, Inc.
Project: Big Walnut
Location: --- Project No: GTX-308582
Boring ID: OW-3
Sample ID: ST-1
Depth : 6.75-8 ft

Sample Type: tube
Test Date: 08/15/18
Test Id: 467185

Tested By: cam
Checked By: jdt

Test Comment: ---
Visual Description: Moist, brownish gray clay with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 8/16/2018 11:00:44 AM
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"U" Line

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

ST-1 OW-3 6.75-8 ft 21 29 18 11 0.3 Lean CLAY with Sand (CL)

Sample Prepared using the WET method

6% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Resource International, Inc.
Project: Big Walnut
Location: --- Project No: GTX-308582
Boring ID: OW-4
Sample ID: ST-1A
Depth : 4-4.5 ft

Sample Type: tube
Test Date: 08/16/18
Test Id: 467186

Tested By: cam
Checked By: jdt

Test Comment: ---
Visual Description: Moist, grayish brown clay with gravel
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 8/16/2018 11:00:45 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

ST-1A OW-4 4-4.5 ft 28 51 19 32 0.3 Fat CLAY with Gravel (CH)

Sample Prepared using the WET method

13% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Resource International, Inc.
Project: Big Walnut
Location: --- Project No: GTX-308582
Boring ID: OW-5
Sample ID: ST-1
Depth : 3.9-5 ft

Sample Type: tube
Test Date: 08/13/18
Test Id: 467188

Tested By: cam
Checked By: jdt

Test Comment: ---
Visual Description: Moist, mottled dark grayish brown and yellowish brown clay with sand.
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 8/16/2018 11:00:46 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

ST-1 OW-5 3.9-5 ft 23 40 18 22 0.2 Lean CLAY with Sand (CL)

Sample Prepared using the WET method

5% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Resource International, Inc.
Project: Big Walnut
Location: --- Project No: GTX-308582
Boring ID: OW-6
Sample ID: ST-1
Depth : 15.4-16.5 ft

Sample Type: tube
Test Date: 08/15/18
Test Id: 467189

Tested By: cam
Checked By: jdt

Test Comment: ---
Visual Description: Moist, gray sandy clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 8/16/2018 11:00:46 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

ST-1 OW-6 15.4-16.5
ft

14 24 15 9 -0.1 Sandy Lean CLAY (CL)

Sample Prepared using the WET method

23% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW
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Appendix J BEDROCK LABORATORY TESTING RESULTS 

J.1 Unconfined Compressive Strength Laboratory Results 
J.2 Uniaxial Compressive Strength Laboratory Results 
J.3 Splitting Tensile Laboratory Results 
J.4 Slake Durability Laboratory Results 
J.5 Point Load Laboratory Results 
J.6 Petrography Laboratory Results 
J.7 Cerchar Laboratory Results 
J.8 SINTEF Laboratory Results 
J.9 Direct Shear Laboratory Results 
J.10 pH Laboratory Results 

 





 

J.1 UNCONFINED COMPRESSIVE 

STRENGTH LABORATORY RESULTS 

  





RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/12/2018

       Test Performed by: C.Straub

Rock Description: Shale, blue to blueish gray, unweathered, soft, laminated to thin bedded.

Rock Formation: Bedford Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

35.0

330

11,540

0.0232

B-16

HQ-6

147.7-148.1

as received

21

Unconfined Compression Test Before Testing

4.994

2.3995

2.081

4.522

0.0131

2,552
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/12/2018

       Test Performed by: C.Straub

Rock Description: Shale, black, unweathered, moderately hard, laminated to thin bedded, slightly pyritic.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

56.2

300

16,860

0.0236

B-16

HQ-7

153.3-153.8'

as received

21

Unconfined Compression Test Before Testing

5.045

2.3965

2.105

4.511

0.0132

3,738
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/3/2018

       Test Performed by: C.Straub

Rock Description: Bluish Gray SHALE, soft, slightly weathered, flat bedded, fresh rock.

Rock Formation: Bedford Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-18

NQ-12

152.7-153.0

as received

21

Unconfined Compression Test Before Testing

4.174

1.976

2.112

3.067

0.0074

4,621

After Failure

37.8

375

14,170

0.0261
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San. Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/3/2018

       Test Performed by: C.Straub

Rock Description: Black Shale, moderately hard, slightly weathered, laminated, fresh rock.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-18

NQ-13

161.0-161.4'

as received

21

Unconfined Compression Test Before Testing

4.372

1.9745

2.214

3.062

0.0077

5,621

After Failure

46.1

373

17,210

0.0284
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/24/2018

       Test Performed by: C.Straub

Rock Description: Black Shale, moderately hard, unweathered, thin bedded, flat bedded, moderately fractured.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

69.2

550

38,070

0.0300

B-20

HQ-16

152.8-153.2

as received

20

Unconfined Compression Test Before Testing

5.100

2.4015

2.124

4.530

0.0134

8,405
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San. Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/3/2018

       Test Performed by: C.Straub

Rock Description: Gray Shale, soft to moderately hard, slightly to moderately weathered, thin bedded.

Rock Formation: Bedford Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-23

HQ-11

156.6-157.0

as received

21

Unconfined Compression Test Before Testing

4.499

2.362

1.905

4.382

0.0114

9,090

After Failure

79.5

501

39,830

0.0302
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San. Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/12/2018

       Test Performed by: E.Mesko

Rock Description: Black Shale, slightly weathered, thin to medium bedded, moderately strong.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-23

HQ-13

170.6-171.1

as received

21

Unconfined Compression Test Before Testing

4.582

2.287

2.004

4.106

0.0109

8,732

After Failure

76.6

468

35,853

0.2292
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/24/2018

       Test Performed by: C.Straub

Rock Description: Black Shale, unweathered, moderately hard, thin bedded, unfractured to slightly fractured.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-27

NQ-18

176.7-177.0

as received

20

Unconfined Compression Test Before Testing

3.919

1.9955

1.964

3.127

0.0071

8,796

After Failure
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0.0424

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

0.000 0.010 0.020 0.030 0.040 0.050

C
o

m
p

re
ss

iv
e 

S
tr

es
s,

 p
si

Axial Strain,  in/in



RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/23/2018

       Test Performed by: C.Straub

Rock Description: Black Shale, unweathered, moderately hard, thin bedded, flat bedded, unfractured.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-29

NQ-18

170.3-170.7'

as received

20

Unconfined Compression Test Before Testing

4.285

1.988

2.155

3.104

0.0077

4,088

After Failure

37.3

340

12,690

0.0170
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/23/2018

       Test Performed by: C.Straub

Rock Description: Black Shale, moderately hard, unweathered, laminated to thin bedded, flat bedded, unfractured.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-31

NQ-20

174.8-175.2'

as received

20

Unconfined Compression Test Before Testing

4.129

1.9875

2.077

3.102

0.0074

4,416

After Failure

32.6
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13,700

0.0211
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/23/2018

       Test Performed by: C.Straub

Rock Description: Black Shale, moderately hard, unweathered, thin bedded, unfractured.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-33

NQ-18

178.8-179.2'

as received

20

Unconfined Compression Test Before Testing

4.297

1.977

2.173

3.070

0.0076

5,232

After Failure

55.8
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/12/2018

       Test Performed by: C.Straub

Rock Description: Shale, blueish gray, unweathered to slightly weathered, soft, thin bedded.

Rock Formation: Bedford Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-39

HQ-6

154.2-154.6

as received

21

Unconfined Compression Test Before Testing

5.147

2.3975

2.147

4.514

0.0134

3,770

After Failure
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348

17,020

0.0245
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/12/2018

       Test Performed by: C.Straub

Rock Description: Shale, black, unweathered, moderately hard, thin bedded.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

69.9

180

12,580

0.0201

B-39

HQ-7

158.3-158.7

as received

21

Unconfined Compression Test Before Testing

5.220

2.3885

2.185

4.481

0.0135

2,808
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 8/8/2018

       Test Performed by: E.Mesko

Rock Description: Sandstone, gray, slightly to unweathered, moderately hard, medium to fine grained, thin bedded.

Rock Formation: Berea Sandstone and Bedford Shale, undivided (Berea Sandstone)

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

102.3

488

49,932

0.0154

B-40

HQ-5

26.5'-26.9'

as received
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Unconfined Compression Test Before Testing

5.191
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2.164
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0.0136
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 8/8/2018

       Test Performed by: E.Mesko

Rock Description: Interbedded Shale and Sandstone (55%:45%), Dark and light gray, unweathered, thin bedded.

Rock Formation: Berea Sandstone and Bedford Shale, undivided (Berea Sandstone)

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

24.3

215

5,216

0.0222

B-40

HQ-16

82.8'

as received

25

Unconfined Compression Test Before Testing

4.960

2.396

2.070

4.509

0.0129
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 8/8/2018

       Test Performed by: E.Mesko

Rock Description: Shale, blue with red bands, unweathered, soft, flat bedded.

Rock Formation: Berea Sandstone and Bedford Shale, undivided (Bedford Shale)

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

24.6

335

8,240

0.0217

B-40

HQ-26

134.5'-134.9'

as received
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Unconfined Compression Test Before Testing

5.072

2.403
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 8/8/2018

       Test Performed by: E.Mesko

Rock Description: Shale, gray, unweathered, soft, flat bedded.

Rock Formation: Berea Sandstone and Bedford Shale, undivided (Bedford Shale)

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

25.0

256

6,404

0.0193

B-40

HQ-28

141.9'-150.3'

as received
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Unconfined Compression Test Before Testing

5.193

2.398

2.166

4.516

0.0136

1,418
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 8/8/2018

       Test Performed by: E.Mesko

Rock Description: Shale, black, unweathered, moderately hard, pyritic, thin bedded.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-40

HQ-30

153.0'-153.4'

as received

25

Unconfined Compression Test Before Testing

5.230

2.404

2.176

4.539

0.0137

3,261

After Failure
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 8/8/2018

       Test Performed by: E.Mesko

Rock Description: Shale, black, unweathered, pyritic, moderately hard, thin bedded.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

90.6

271

24,556

0.0100

B-40

HQ-32

162.5'-162.9'

as received
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Unconfined Compression Test Before Testing

5.066
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/12/2018

       Test Performed by: C.Straub

Rock Description: Shale, black, unweathered, moderately hard, pyritic, thin bedded.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

61.8

270

16,690

0.0215

B-41

HQ-32

168.5-169.0

as received
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Unconfined Compression Test Before Testing

5.292
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/23/2018

       Test Performed by: C.Straub

Rock Description: Black Shale, unweathered, moderately hard to soft, thin bedded, moderately to slightly fractured.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-42

NQ-18

171.1-171.5'

as received

20

Unconfined Compression Test Before Testing

4.151

1.9835

2.093

3.090

0.0074

4,010

After Failure
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/24/2018

       Test Performed by: C.Straub

Rock Description: Black Shale, slightly to moderately weathered, moderately hard, thin bedded, mod. to highly fract.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-43

HQ-20

164.3-164.7'

as received

20

Unconfined Compression Test Before Testing

4.999

2.333

2.143

4.275

0.0124

8,906

After Failure
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/23/2018

       Test Performed by: C.Straub

Rock Description: Dark gray and black Shale, unweathered, soft to moderately hard, thin bedded, moderately fractured.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-44

NQ-19

168.2-168.6'

as received

20

Unconfined Compression Test Before Testing

4.303

1.9865

2.166

3.099

0.0077

3,356

After Failure
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength
Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/12/2018

       Test Performed by: C.Straub

Rock Description: Shale, black, unweathered, soft to moderately hard, thin bedded.

Rock Formation: Ohio Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

B-46

HQ-20

148.8-149.2

as received

21

Unconfined Compression Test Before Testing

5.216

2.4005

2.173

4.526

0.0137

3,544

After Failure
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272

16,040

0.0203

0

1,000

2,000

3,000

4,000

0.000 0.005 0.010 0.015 0.020 0.025

C
o

m
p

re
ss

iv
e 

S
tr

es
s,

 p
si

Axial Strain,  in/in



RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength

Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

       Test Performed by: EM/KL

Rock Description: Sandstone, gray, very fine-grained to fine-grained.

Rock Formation: Berea Sandstone

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

154.8

284

43,970

0.0198

B-47

HQ-2

14.9

as received
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength

Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

       Test Performed by: EM/KL

Rock Description: Sandstone, gray, very fine-grained to fine-grained.

Rock Formation: Berea Sandstone

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

130.2

345

44,913

0.0174

B-47

HQ-3

18.1

as received
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength

Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

       Test Performed by: EM/KL

Rock Description: Shale with sandstone laminae, dark gray and gray, very fine-grained.

Rock Formation: Berea Sandstone/Bedford Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength

Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

       Test Performed by: EM/KL

Rock Description: Shale, dark gray, very fine-grained, trace siltstone laminae.

Rock Formation: Bedford Shale

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure

39.5

176

6,944

0.0122

B-47

HQ-28

143.6

as received

25

Unconfined Compression Test Before Testing
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RESOURCE INTERNATIONAL, INC. Unconfined Compressive Strength

Engineering Consultants of Intact Rock Core Specimens

 (ASTM D 7012-14)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut San.Trunk Sew. PH2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

       Test Performed by: EM/KL

Rock Description: Shale, black, very fine-grained, clayey, pyritic.

Rock Formation: Ohio Shale 

Boring No.: Average Length: in

Sample No: Average Diameter: in

Depth (ft): feet    Length to diameter ratio:

Moisture condition: Cross Sectional Area: in2

Volume: ft3

Testing Temperature: oC

Rate of Loading: lbs/sec Failure Load: lbs

Testing Time: sec Axial Strain at Failure: in/in
(Rate 2-15 minutes to failure) Compressive Strength: psi

Sample Preparation: Per ASTM D4543

REMARKS: 

After Failure
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0.0146
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in cm in cm lb/ft3 g/cm3

5.110 12.98 2.391 6.07 2.1 161 2.58

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

39,071 8,705 8,848 61.0 1,183 8.2 0.28 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-16-HQ-6 @ 148.1-148.9

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-16-HQ-6 @ 148.1-148.9_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

5.276 13.40 2.385 6.06 2.2 151 2.42

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

32,614 7,303 7,450 51.4 1,090 7.5 0.28 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-16-HQ-7 @ 153.8-154.4

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-16-HQ-7 @ 153.8-154.4_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

5.009 12.72 1.960 4.98 2.6 172 2.75
Failure Load Failure Stress

lbf psi psi MPa ksi GPa

19,780 6,559 6,784 46.8 681 4.7 0.18 Non - Structural

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut

Characteristics: N/A
Test Performed By: OF-AK

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 342

Data Reduced By: OF
Date Reduced: 5/16/2018

Core ID: B-18-NQ-11 @ 149.2-150.0

Date Tested: 5/11/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-18-NQ-11 @ 149.2-150.0_USG

Static ν Failure Mode

Note: Axial strain gauges approaches non-linear deformation beyond +/-3400 strain but the loading continued until the 
failure point. 
Axial strain have been calculated based on the machine displacement data and calibrated with strain gauges.
Sample had open joints perpendicular to the direction of loading that were glued together for running the test.
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in cm in cm lb/ft3 g/cm3

4.125 10.48 1.974 5.01 2.1 157 2.51
Failure Load Failure Stress

lbf psi psi MPa ksi GPa

29,599 9,676 9,812 67.6 1,344 9.3 0.24 Non - Structural

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut

Characteristics: N/A
Test Performed By: OF-AK

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 342

Data Reduced By: OF
Date Reduced: 5/16/2018

Core ID: B-18-NQ-13 @ 162.0-163.1

Date Tested: 5/11/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-18-NQ-13 @ 162.0-163.1_USG

Static ν Failure Mode

Note: Axial strain gauges approaches non-linear deformation beyond +/-3400 strain but the loading continued until the 
failure point. 
Axial strain have been calculated based on the machine displacement data and calibrated with strain gauges.
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in cm in cm lb/ft3 g/cm3

5.237 13.30 2.400 6.10 2.2 138 2.20

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

44,190 9,768 9,950 68.6 880 6.1 0.17 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut 

Characteristics: N/A
Test Performed By: OF-AK

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 347

Data Reduced By: OF
Date Reduced: 7/20/2018

Core ID: B-20-HQ-15 @ 148.2-149.5

Date Tested: 7/20/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-20-HQ-15 @ 148.2-149.5_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

5.050 12.83 2.353 5.98 2.1 168 2.69

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

35,100 8,072 8,208 56.6 1,009 7.0 0.31 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-22-HQ-5 @ 151.6-152.5

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-22-HQ-5 @ 151.6-152.5_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

3.235 8.22 1.994 5.06 1.6 170 2.73

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

7,708 2,468 2,427 16.7 4,501 31.0 0.13 Structural

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut 

Characteristics: N/A
Test Performed By: OF-AK

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 347

Data Reduced By: OF
Date Reduced: 7/20/2018

Core ID: B-27-NQ-17 @ 166.7-167.3

Date Tested: 7/20/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-27-NQ-17 @ 166.7-167.3_USG

Static 
Poisson's 

Ratio*
Failure Mode

Note: 
The flatness of top and bottom surface of sample doesn’t meet the standard ASTM 7012 because of existing foliation.
L/D ratio (1.6) doesn’t meet the ASTM 7012.
Strain gauges malfunctioned because there was movement of joints on the sides of the sample.
*Static E and ν have been calculated based on the linear portion of the acquired data that is incomplete thus unreliable.
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in cm in cm lb/ft3 g/cm3

4.264 10.83 1.985 5.04 2.1 139 2.22

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

37,208 12,017 12,220 84.3 1,016 7.0 0.21 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

Static Elastic Modulus Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1

Core Length Core Diameter
L/D Ratio

Density

File Name: B-31-HQ-19 @ 173.0-174.3_USG
EMI Project No.: 347

Data Reduced By: OF
Date Reduced: 7/20/2018

Core ID: B-31-HQ-19 @ 173.0-174.3

Date Tested: 7/20/2018
Test Performed By: OF-AK

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut 

Characteristics: N/A
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in cm in cm lb/ft3 g/cm3

5.108 12.97 2.392 6.08 2.1 170 2.72

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

38,019 8,457 8,594 59.3 1,335 9.2 0.27 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-39-HQ-6 @ 154.6-155.5

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-39-HQ-6 @ 154.6-155.5_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

5.126 13.02 2.393 6.08 2.1 154 2.46

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

25,106 5,582 5,675 39.1 579 4.0 0.33 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

Data Reduced By: Of
Date Reduced: 8/17/2018

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

Core ID: B-39-HQ-7 @ 158.7-159.5
File Name: B-39-HQ-7 @ 158.7-159.5_USG EMI 
Project No.: 362

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

5.180 13.16 2.393 6.08 2.2 145 2.32

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

73,221 16,273 16,562 114.2 2,844 19.6 0.32 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-40-HQ-5 @ 27.8-28.8

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-40-HQ-5 @ 27.8-28.8_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

5.199 13.21 2.395 6.08 2.2 164 2.63

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

11,304 2,508 2,553 17.6 158 1.1 0.32 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-40-HQ-28 @ 141.1-141.9

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-40-HQ-28 @ 141.1-141.9_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

-8000 -6000 -4000 -2000 0 2000 4000 6000 8000 10000 12000 14000 16000

St
re

ss
 (

p
si

)

Lateral Strain - Axial Strain



in cm in cm lb/ft3 g/cm3

5.155 13.09 2.392 6.08 2.2 152 2.44

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

25,900 5,761 5,861 40.4 527 3.6 0.20 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-40-HQ-30 @ 153.6-154.3

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-40-HQ-30 @ 153.6-154.3_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

5.106 12.97 2.397 6.09 2.1 142 2.28

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

33,008 7,315 7,432 51.2 508 3.5 0.20 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-40-HQ-32 @ 163.2-164.1

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-40-HQ-32 @ 163.2-164.1_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

5.054 12.84 2.391 6.07 2.1 154 2.46

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

25,396 5,658 5,745 39.6 852 5.9 0.19 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-41-HQ-33 @ 170.0-171.0

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-41-HQ-33 @ 170.0-171.0_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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in cm in cm lb/ft3 g/cm3

4.145 10.53 1.982 5.03 2.1 161 2.58

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

33,490 10,860 11,013 75.9 1,189 8.2 0.18 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut 

Characteristics: N/A
Test Performed By: OF-AK

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 347

Data Reduced By: OF
Date Reduced: 7/20/2018

Core ID: B-44-NQ-19 @ 165.0-166.3

Date Tested: 7/20/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-44-NQ-19 @ 165.0-166.3_USG

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus Static 
Poisson's 

Ratio
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in cm in cm lb/ft3 g/cm3

5.115 12.99 2.397 6.09 2.1 151 2.43

Failure Load Failure Stress

lbf psi psi MPa ksi GPa

28,254 6,264 6,366 43.9 822 5.7 0.26 Non - Structural

ft/s m/s ft/s m/s ksi GPa

N/A N/A N/A N/A N/A N/A N/A

EARTH MECHANICS INSTITUTE
Mining Engineering Department, CSM

Uniaxial Compressive Strength - ASTM D7012

Client: Resource International
Project: Big Walnut Round

Characteristics: N/A
Test Performed By: TMV

Location: N/A
Rock Type: Sedimentary

Rock Name: N/A

EMI Project No.: 362

Data Reduced By: Of
Date Reduced: 8/17/2018

Core ID: B-46-HQ-20 @ 149.3-150.1

Date Tested: 8/16/2018

Core Length Core Diameter
L/D Ratio

Density

File Name: B-46-HQ-20 @ 149.3-150.1_USG

Static 
Poisson's 

Ratio
Failure Mode

P - Wave S - Wave Dynamic E
Dynamic ν

UCS 2:1 Static Elastic Modulus
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J.3 SPLITTING TENSILE LABORATORY 

RESULTS 

  





RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-16 HQ-6 STS-1 1438 483

STS-1

Remarks: 

Depth, ft

0.790

L/D
0.33

2.4

Diameter, inThickness, in

147.4



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-16 HQ-7 STS-1 1524 454

STS-1

Remarks: 

Depth, ft

0.890

L/D
0.37

2.4

Diameter, inThickness, in

155.4



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/18/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-18 NQ-12 STS-1 2779 894

B-18 NQ-13 STS-2 1976 686

STS-1

STS-2

Remarks: 

Depth, ft

1.005

L/D = 0.47

L/D = 0.51

0.925 1.982

1.969

Diameter, inThickness, in

151.1

163.5



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-19 HQ-18 STS-1 1613 454

STS-1

Remarks: 

Depth, ft

0.968

L/D
0.41

2.339

Diameter, inThickness, in

150.0



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-20 HQ-13 STS-1 2779 667

B-20 HQ-15 STS-2 1976 686

STS-1

STS-2

Remarks: 

0.47

L/D
0.47

0.925 1.982149.9

L/D

Depth, ft

1.109 2.393

Diameter, inThickness, in

136.8



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-21 NQ-10 STS-1 2590 859

STS-1

Remarks: 

Depth, ft

0.972

L/D
0.49

1.974

Diameter, inThickness, in

161.7



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-22 HQ-5 STS-1 2731 601

STS-1

Remarks: 

Depth, ft

1.241

L/D
0.53

2.332

Diameter, inThickness, in

154.2



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-24 HQ-15 STS-1 2066 556

STS-1

Remarks: 

Depth, ft

1.002

L/D
0.42

2.36

Diameter, inThickness, in

160.7



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-24 HQ-16 STS-1 2363 618

STS-1

Remarks: 

Depth, ft

1.039

L/D
0.44

2.343

Diameter, inThickness, in

164.8



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-27 NQ-16 STS-1 1434 465

B-27 NQ-17 STS-2 2275 733

STS-1

STS-2

Remarks: 

0.49

L/D
0.50

0.989 1.998172.4

L/D

Depth, ft

0.996 1.973

Diameter, inThickness, in

160.7



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-29 NQ-18 STS-1 1960.5 676

STS-1

Remarks: 

Depth, ft

0.930

L/D
0.47

1.984

Diameter, inThickness, in

169.1



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-31 HQ-20 STS-1 2852 865

STS-1

Remarks: 

Depth, ft

1.057

L/D
0.53

1.986

Diameter, inThickness, in

175.2



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-33 NQ-18 STS-1 3373 1064

STS-1

Remarks: 

Depth, ft

1.015

L/D
0.51

1.989

Diameter, inThickness, in

178.3



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-36 HQ-4 STS-1 1728 469

STS-1

Remarks: 

Depth, ft

1.001

L/D
0.43

2.341

Diameter, inThickness, in

159.8



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-39 HQ-6 STS-1 2430 611

STS-1

Remarks: 

Depth, ft

1.055

L/D
0.44

2.399

Diameter, inThickness, in

154.0



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-39 HQ-7 STS-1 1071 281

STS-1

Remarks: 

Depth, ft

1.009

L/D
0.42

2.403

Diameter, inThickness, in

159.9



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-40 HQ-5 STS-1 3754 869

STS-1

Remarks: 

Depth, ft

1.150

L/D
0.48

2.391

Diameter, inThickness, in

26.4



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-40 HQ-16 STS-1 1180 310

STS-1

Remarks: 

Depth, ft

1.009

L/D
0.42

2.398

Diameter, inThickness, in

83.8



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-40 HQ-22 STS-1 312 93

STS-1

Remarks: 

Depth, ft

0.890

L/D
0.37

2.396

Diameter, inThickness, in

113.2



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-40 HQ-26 STS-1 1803 365

STS-1

Remarks: 

Depth, ft

1.312

L/D
0.55

2.399

Diameter, inThickness, in

133.2



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-40 HQ-28 STS-1 1606 343

STS-1

Remarks: 

Depth, ft

1.241

L/D
0.52

2.402

Diameter, inThickness, in

144.0



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-40 HQ-30 STS-1 1825 402

STS-1

Remarks: 

Depth, ft

1.209

L/D
0.51

2.388

Diameter, inThickness, in

152.9



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-40 HQ-32 STS-1 2489 502

STS-1

Remarks: 

Depth, ft

1.312

L/D
0.55

2.404

Diameter, inThickness, in

165.3



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-16 HQ-6 STS-1 1591 419

STS-1

Remarks: 

Depth, ft

1.007

L/D
0.42

2.4

Diameter, inThickness, in

169.3



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-42 NQ-18 STS-1 2304 711

STS-1

Remarks: 

Depth, ft

1.032

L/D
0.52

1.998

Diameter, inThickness, in

172.0



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-43 HQ-21 STS-1 2413 626

STS-1

Remarks: 

Depth, ft

1.082

L/D
0.48

2.267

Diameter, inThickness, in

168.7



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-44 NQ-19 STS-1 2198 692

STS-1

Remarks: 

Depth, ft

1.019

L/D
0.51

1.985

Diameter, inThickness, in

167.4



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-45 HQ-5 STS-1 1543 475

STS-1

Remarks: 

Depth, ft

0.890

L/D
0.38

2.326

Diameter, inThickness, in

150.9



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/25/2018

Test Performed by: E.M. Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-46 HQ-20 STS-1 1189 286

STS-1

Remarks: 

Depth, ft

1.104

L/D
0.46

2.4

Diameter, inThickness, in

148.4



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

Rock Description: Sandstone; light gray, very fine-grained to fine grained (Berea Sandstone).

Test Performed by: KL Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-47 HQ-3 STS-1 1665.9 406

STS-1

Remarks: 

Depth, ft

1.093

L/D
0.46

2.387

Diameter, inThickness, in

17.5



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

Rock Description: Interbedded Shale/Sandstone/Siltstone; gray and dark gray, very fine grained (Berea SST/Bedford SH).

Test Performed by: KL Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-47 HQ-12 STS-1 998.5 225

STS-1

Remarks: 

Depth, ft

1.194

L/D
0.50

2.366

Diameter, inThickness, in

62.4



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

Rock Description: Shale, trace siltstone, gray, very fine-grained (Berea SST/Bedford SH).

Test Performed by: KL Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-47 HQ-19 STS-1 991.7 237

STS-1

Remarks: 

Depth, ft

1.121

L/D
0.47

2.376

Diameter, inThickness, in

96.9



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

Rock Description: Shale, dark gray, very fine-grained (Bedford Shale).

Test Performed by: KL Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-47 HQ-28 STS-1 1218 274

STS-1

Remarks: 

Depth, ft

1.187

L/D
0.50

2.388

Diameter, inThickness, in

144.3



RESOURCE INTERNATIONAL, INC. Splitting Tensile Strength of Intact Rock 

Engineering Consultants Core Specimens by ASTM D-3967

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/2/2019

Rock Description: Shale, black, very fine grained, pyritic (Ohio Shale).

Test Performed by: KL Moisture condition: As received

Load Rate: 2.0 % / min.

Boring ID Sample ID Test No.
Failure Load 

(P), lb.
Splitting Tensile 

Strength, psi

B-47 HQ-34 STS-1 1443.8 365

STS-1

Remarks: 

Depth, ft

1.058

L/D
0.44

2.381

Diameter, inThickness, in

170.0



 

J.4 SLAKE DURABILITY LABORATORY 

RESULTS 

  





6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, blue-blueish gray, slightly to unweathered, soft, laminated to thin bedded.

Start: 26.4
Finish: 25.9
Time: 10:00:00

Start: 20.2
Finish: 20.2
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Photographs of Sample
Before Testing: After Testing:

Type Type II

Mass of Drum + Sample (wet) 1727.7 Water Temp:
Mass of Drum + Sample (oven dried) 1701

Mass of sample (oven dried): 509.30
Moisture Content of Sample: 5.24

Slake Durability Index: 96.94

Data After 2nd Cycle:

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-16

Moisture Content of Sample: 2.30
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1732.3 Water Temp:

Mass of Drum + Sample (oven dried) 1717.10
Mass of sample (oven dried): 525.40

Mass of Drum + Sample (oven dried) 1713.3
Mass of sample (oven dried): 521.6
Moisture Content of Sample: 3.64

Mass of Drum + Sample (wet) 1729.20

W-15-012 HQ-6 (146.6-147.2)
7/2/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (1)      Mass of Drum: 1191.70



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, black, unweathered, moderately hard, laminated to thin bedded.

Start: 26.6
Finish: 26
Time: 10:00:00

Start: 20.5
Finish: 20.5
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-16

Moisture Content of Sample: 5.24

W-15-012 HQ-6 (149.0-149.5)
7/2/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (2)      Mass of Drum: 1190.90

Mass of Drum + Sample (wet) 1714.70
Mass of Drum + Sample (oven dried) 1703.50

Mass of sample (oven dried): 512.60
Moisture Content of Sample: 2.18

Data After 1st Cycle:
Mass of Drum + Sample (wet) 1725.1 Water Temp:

Mass of Drum + Sample (oven dried) 1698.5
Mass of sample (oven dried): 507.6

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1718.8 Water Temp:

Mass of Drum + Sample (oven dried) 1681.8
Mass of sample (oven dried): 490.90
Moisture Content of Sample: 7.54

Slake Durability Index: 95.77
Type Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Bluish gray Shale, soft, slightly weathered, flat bedded, fresh rock.

Start: 20.5
Finish: 20.5
Time: 10:00:07

Start: 20.3
Finish: 21.0
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-18

Moisture Content of Sample: 2.05

Mass of Drum + Sample (wet) 1734.30

W-15-012 NQ-12 (151.9-152.5')
4/17/2018 J.Hoyt

Initial Moisture Content:
Drum/Container ID:       1        Mass of Drum: 1192.10

Data After 1st Cycle:
Mass of Drum + Sample (wet) 1735.4 Water Temp:

Mass of Drum + Sample (oven dried) 1723.40
Mass of sample (oven dried): 531.30

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1726.5 Water Temp:

Mass of Drum + Sample (oven dried) 1704.1

Mass of Drum + Sample (oven dried) 1716.2
Mass of sample (oven dried): 524.1
Moisture Content of Sample: 3.66

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 512.00
Moisture Content of Sample: 4.38

Slake Durability Index: 96.37
Type II



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Black Shale, moderately hard, slightly weathered, laminated, fresh rock.

Start: 21.1
Finish: 20.8
Time: 10:00:07

Start: 20.3
Finish: 21.0
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-18

Mass of Drum + Sample (wet) 1689.70
Mass of Drum + Sample (oven dried) 1680.50

Mass of sample (oven dried): 489.50

W-15-012 NQ-13 (161.4-162.0')
4/17/2018 J.Hoyt

Initial Moisture Content:
Drum/Container ID:       2        Mass of Drum: 1191.00

Mass of Drum + Sample (oven dried) 1676.9
Mass of sample (oven dried): 485.9
Moisture Content of Sample: 3.62

Moisture Content of Sample: 1.88
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1694.5 Water Temp:

Mass of sample (oven dried): 482.10
Moisture Content of Sample: 3.84

Slake Durability Index: 98.49

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1691.6 Water Temp:

Mass of Drum + Sample (oven dried) 1673.1

Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, dark gray to black, slightly weathered, mod. hard to hard, thin bedded.

Start: 20.7
Finish: 20.6
Time: 10:00:00

Start: 18.7
Finish: 18.8
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-19

Mass of Drum + Sample (wet) 1784.00
Mass of Drum + Sample (oven dried) 1775.00

Mass of sample (oven dried): 518.30

W-15-012 HQ-18 (150.1'-150.7')
7/16/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (3)      Mass of Drum: 1256.70

Mass of Drum + Sample (oven dried) 1771.5
Mass of sample (oven dried): 514.8
Moisture Content of Sample: 3.85

Moisture Content of Sample: 1.74
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1791.3 Water Temp:

Mass of sample (oven dried): 507.70
Moisture Content of Sample: 4.75

Slake Durability Index: 97.95

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1788.5 Water Temp:

Mass of Drum + Sample (oven dried) 1764.4

Type Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Gray Shale, soft, unweathered, thin bedded, flat bedded, moderately fractured.

Start: 24.3
Finish: 24.4
Time: 10:01:04

Start: 23.6
Finish: 23.7
Time: 10:00:35

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-20

Moisture Content of Sample: 1.26

Mass of Drum + Sample (wet) 1714.70

W-15-012 HQ-13 (135.8-136.7')
5/11/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:       1        Mass of Drum: 1191.50

Data After 1st Cycle:
Mass of Drum + Sample (wet) 1711 Water Temp:

Mass of Drum + Sample (oven dried) 1708.20
Mass of sample (oven dried): 516.70

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1686.6 Water Temp:

Mass of Drum + Sample (oven dried) 1665.2

Mass of Drum + Sample (oven dried) 1693.7
Mass of sample (oven dried): 502.2
Moisture Content of Sample: 3.44

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 473.70
Moisture Content of Sample: 4.52

Slake Durability Index: 91.68
Type II



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Black Shale, moderately hard, unweathered, thin bedded, flat bedded, mod. fractured.

Start: 24.4
Finish: 24.5
Time: 10:01:04

Start: 23.6
Finish: 23.6
Time: 10:00:35

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type I

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 521.70
Moisture Content of Sample: 2.61

Slake Durability Index: 99.75

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1726.0 Water Temp:

Mass of Drum + Sample (oven dried) 1712.4

Mass of Drum + Sample (oven dried) 1713
Mass of sample (oven dried): 522.3
Moisture Content of Sample: 1.84

Moisture Content of Sample: 1.41
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1722.6 Water Temp:

Mass of Drum + Sample (oven dried) 1713.70
Mass of sample (oven dried): 523.00

W-15-012 HQ-16 (150.7-152.0')
5/11/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:       2        Mass of Drum: 1190.70

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-20

Mass of Drum + Sample (wet) 1721.10



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, dark gray, moderately hard, moderately weathered, thin bedded.

Start: 20.7
Finish: 20.6
Time: 10:00:00

Start: 18.7
Finish: 18.8
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-21

Mass of Drum + Sample (wet) 1714.80
Mass of Drum + Sample (oven dried) 1702.70

Mass of sample (oven dried): 511.10

W-15-012 NQ-8 (152.4'-153.2')
7/16/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (1)      Mass of Drum: 1191.60

Mass of Drum + Sample (oven dried) 1670.8
Mass of sample (oven dried): 479.2
Moisture Content of Sample: 4.51

Moisture Content of Sample: 2.37
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1692.4 Water Temp:

Mass of sample (oven dried): 446.60
Moisture Content of Sample: 5.46

Slake Durability Index: 87.38

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1662.6 Water Temp:

Mass of Drum + Sample (oven dried) 1638.2

Type Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, dark gray to black, hard, slightly weathered, thin bedded.

Start: 21.1
Finish: 20.9
Time: 10:00:00

Start: 19.5
Finish: 19.8
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type Type I

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 459.40
Moisture Content of Sample: 3.77

Slake Durability Index: 98.02

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1733.8 Water Temp:

Mass of Drum + Sample (oven dried) 1716.5

Mass of Drum + Sample (oven dried) 1721
Mass of sample (oven dried): 463.9
Moisture Content of Sample: 3.34

Moisture Content of Sample: 1.39
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1736.5 Water Temp:

Mass of Drum + Sample (oven dried) 1725.80
Mass of sample (oven dried): 468.70

W-15-012 NQ-9 & 10 (160.0'-161.4')

7/12/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (3)      Mass of Drum: 1257.10

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-21

Mass of Drum + Sample (wet) 1732.30



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, gray, mod. to highly weathered, soft to mod. hard, thin bedded.

Start: 20.7
Finish: 20.6
Time: 10:00:00

Start: 18.9
Finish: 19.1
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-22

Mass of Drum + Sample (wet) 1748.40
Mass of Drum + Sample (oven dried) 1741.90

Mass of sample (oven dried): 551.20

W-15-012 HQ-5 (152.5'-153.8')
7/16/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (2)      Mass of Drum: 1190.70

Mass of Drum + Sample (oven dried) 1721.7
Mass of sample (oven dried): 531
Moisture Content of Sample: 4.27

Moisture Content of Sample: 1.18
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1744.4 Water Temp:

Mass of sample (oven dried): 512.40
Moisture Content of Sample: 5.09

Slake Durability Index: 92.96

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1729.2 Water Temp:

Mass of Drum + Sample (oven dried) 1703.1

Type Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Gray Shale, soft to moderately hard, slightly weathered, thin bedded.

Start: 21.0
Finish: 21.0
Time: 10:00:00

Start: 20.9
Finish: 21.2
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-23

Mass of Drum + Sample (wet) 1734.60
Mass of Drum + Sample (oven dried) 1729.90

Mass of sample (oven dried): 539.00

W-15-012 HQ-11 (158.0-159.0')
4/23/2018 J.Hoyt

Initial Moisture Content:
Drum/Container ID:       2        Mass of Drum: 1190.90

Mass of Drum + Sample (oven dried) 1722.4
Mass of sample (oven dried): 531.5
Moisture Content of Sample: 3.76

Moisture Content of Sample: 0.87
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1742.4 Water Temp:

Mass of sample (oven dried): 515.20
Moisture Content of Sample: 4.50

Slake Durability Index: 95.58

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1729.3 Water Temp:

Mass of Drum + Sample (oven dried) 1706.1

Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Black Shale, moderately hard, slightly weathered, thin bedded.

Start: 21.1
Finish: 21.1
Time: 10:00:00

Start: 20.9
Finish: 21.2
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-23

Mass of Drum + Sample (wet) 1720.60
Mass of Drum + Sample (oven dried) 1716.50

Mass of sample (oven dried): 523.80

W-15-012 HQ-13 (166.6-167.3')
4/23/2018 J.Hoyt

Initial Moisture Content:
Drum/Container ID:       1        Mass of Drum: 1192.70

Mass of Drum + Sample (oven dried) 1712.8
Mass of sample (oven dried): 520.1
Moisture Content of Sample: 2.69

Moisture Content of Sample: 0.78
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1726.8 Water Temp:

Mass of sample (oven dried): 519.00
Moisture Content of Sample: 2.81

Slake Durability Index: 99.08

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1726.3 Water Temp:

Mass of Drum + Sample (oven dried) 1711.7

Type I

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, gray, soft to mod. hard, mod. to highly weathered, thin bedded.

Start: 21.8
Finish: 21.7
Time: 10:00:00

Start: 19.8
Finish: 20.0
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-24

Moisture Content of Sample: 3.66

W-15-012 HQ-15 (159.5-160.5)
7/9/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (3)      Mass of Drum: 1257.00

Mass of Drum + Sample (wet) 1745.20
Mass of Drum + Sample (oven dried) 1739.30

Mass of sample (oven dried): 482.30
Moisture Content of Sample: 1.22

Data After 1st Cycle:
Mass of Drum + Sample (wet) 1738.9 Water Temp:

Mass of Drum + Sample (oven dried) 1721.9
Mass of sample (oven dried): 464.9

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1736.2 Water Temp:

Mass of Drum + Sample (oven dried) 1711
Mass of sample (oven dried): 454.00
Moisture Content of Sample: 5.55

Slake Durability Index: 94.13
Type Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, dark gray to black, mod. hard, slightly weathered, thin bedded.

Start: 21.8
Finish: 21.7
Time: 10:00:00

Start: 19.9
Finish: 20.1
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-24

Moisture Content of Sample: 4.81

W-15-012 HQ-16 (163.4-164.4)
7/9/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (1)      Mass of Drum: 1191.70

Mass of Drum + Sample (wet) 1713.20
Mass of Drum + Sample (oven dried) 1704.90

Mass of sample (oven dried): 513.20
Moisture Content of Sample: 1.62

Data After 1st Cycle:
Mass of Drum + Sample (wet) 1718.8 Water Temp:

Mass of Drum + Sample (oven dried) 1694.6
Mass of sample (oven dried): 502.9

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1712.7 Water Temp:

Mass of Drum + Sample (oven dried) 1680.2
Mass of sample (oven dried): 488.50
Moisture Content of Sample: 6.65

Slake Durability Index: 95.19
Type Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Gray Shale, soft, mod. weathered, thin bedded, flat bedded, moderately fractured.

Start: 24.4
Finish: 24.5
Time: 10:01:04

Start: 23.7
Finish: 23.7
Time: 10:00:35

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type II

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 461.60
Moisture Content of Sample: 3.47

Slake Durability Index: 94.88

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1734.8 Water Temp:

Mass of Drum + Sample (oven dried) 1718.8

Mass of Drum + Sample (oven dried) 1731.1
Mass of sample (oven dried): 473.9
Moisture Content of Sample: 2.76

Moisture Content of Sample: 0.88
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1744.2 Water Temp:

Mass of Drum + Sample (oven dried) 1743.70
Mass of sample (oven dried): 486.50

W-15-012 NQ-16 (164.6-165.6')
5/11/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:       3        Mass of Drum: 1257.20

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-27

Mass of Drum + Sample (wet) 1748.00



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Black Shale, unweathered, moderately hard, thin bedded, unfract. to slightly fractured.

Start: 25.7
Finish: 25.6
Time: 10:01:04

Start: 23.6
Finish: 23.6
Time: 10:00:35

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type II

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 488.50
Moisture Content of Sample: 3.07

Slake Durability Index: 98.23

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1760.7 Water Temp:

Mass of Drum + Sample (oven dried) 1745.7

Mass of Drum + Sample (oven dried) 1751
Mass of sample (oven dried): 493.8
Moisture Content of Sample: 2.49

Moisture Content of Sample: 1.63
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1763.3 Water Temp:

Mass of Drum + Sample (oven dried) 1754.50
Mass of sample (oven dried): 497.30

W-15-012 NQ-17 (171.0-172.3')
5/11/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:       4        Mass of Drum: 1257.20

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-27

Mass of Drum + Sample (wet) 1762.60



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Black Shale, unweathered, moderatley hard, thin bedded, flat bedded, unfractured.

Start: 24.0
Finish: 24.0
Time: 10:00:13

Start: 23.6
Finish: 23.5
Time: 10:00:02

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-29

Mass of Drum + Sample (wet) 1736.30
Mass of Drum + Sample (oven dried) 1722.70

Mass of sample (oven dried): 531.10

W-15-012 NQ-18 (171.3-172.0')
5/16/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:      1        Mass of Drum: 1191.60

Mass of Drum + Sample (oven dried) 1719.3
Mass of sample (oven dried): 527.7
Moisture Content of Sample: 3.34

Moisture Content of Sample: 2.56
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1736.9 Water Temp:

Mass of sample (oven dried): 523.10
Moisture Content of Sample: 3.46

Slake Durability Index: 98.49

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1732.8 Water Temp:

Mass of Drum + Sample (oven dried) 1714.7

Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Black Shale, mod. hard, unweathered, laminated to thin bedded, flat bedded, unfract.

Start: 24.0
Finish: 24.0
Time: 10:00:13

Start: 23.6
Finish: 23.5
Time: 10:00:02

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-31

Mass of Drum + Sample (wet) 1730.30
Mass of Drum + Sample (oven dried) 1722.20

Mass of sample (oven dried): 531.50

W-15-012 NQ-20 (176.0-176.9')
5/16/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:     2         Mass of Drum: 1190.70

Mass of Drum + Sample (oven dried) 1719.3
Mass of sample (oven dried): 528.6
Moisture Content of Sample: 3.35

Moisture Content of Sample: 1.52
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1737 Water Temp:

Mass of sample (oven dried): 525.70
Moisture Content of Sample: 3.04

Slake Durability Index: 98.91

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1732.4 Water Temp:

Mass of Drum + Sample (oven dried) 1716.4

Type I

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Black Shale, moderately hard, unweathered, thin bedded, flat bedded, unfract.

Start: 24.1
Finish: 24.0
Time: 10:00:13

Start: 23.6
Finish: 23.5
Time: 10:00:02

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-33

Mass of Drum + Sample (wet) 1792.60
Mass of Drum + Sample (oven dried) 1787.80

Mass of sample (oven dried): 530.80

W-15-012 NQ-18 & 19 (180.1-181.5')

5/16/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:        3      Mass of Drum: 1257.00

Mass of Drum + Sample (oven dried) 1785.6
Mass of sample (oven dried): 528.6
Moisture Content of Sample: 2.89

Moisture Content of Sample: 0.90
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1800.9 Water Temp:

Mass of sample (oven dried): 526.20
Moisture Content of Sample: 2.15

Slake Durability Index: 99.13

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1794.5 Water Temp:

Mass of Drum + Sample (oven dried) 1783.2

Type I

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, dark gray to black, slightly to mod. weathered, mod. hard, thin bedded.

Start: 21.1
Finish: 20.9
Time: 10:00:00

Start: 19.6
Finish: 19.8
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-36

Mass of Drum + Sample (wet) 1725.90
Mass of Drum + Sample (oven dried) 1716.50

Mass of sample (oven dried): 524.70

W-15-012 HQ-4 (158.5-159.4')
7/9/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (1)      Mass of Drum: 1191.80

Mass of Drum + Sample (oven dried) 1704.9
Mass of sample (oven dried): 513.1
Moisture Content of Sample: 4.91

Moisture Content of Sample: 1.79
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1730.1 Water Temp:

Mass of sample (oven dried): 504.20
Moisture Content of Sample: 4.78

Slake Durability Index: 96.09

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1720.1 Water Temp:

Mass of Drum + Sample (oven dried) 1696

Type Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, red, slightly to mod. weathered, mod. hard, thin bedded.

Start: 20.7
Finish: 20.6
Time: 10:00:00

Start: 18.9
Finish: 19.1
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-38

Mass of Drum + Sample (wet) 1779.00
Mass of Drum + Sample (oven dried) 1768.70

Mass of sample (oven dried): 512.20

W-15-012 HQ-12 (109.5'-110.5')
7/16/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (4)      Mass of Drum: 1256.50

Mass of Drum + Sample (oven dried) 1624
Mass of sample (oven dried): 367.5
Moisture Content of Sample: 8.98

Moisture Content of Sample: 2.01
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1657 Water Temp:

Mass of sample (oven dried): 142.30
Moisture Content of Sample: 22.21

Slake Durability Index: 27.78

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1430.4 Water Temp:

Mass of Drum + Sample (oven dried) 1398.8

Type Type III

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, blueish gray, slightly weathered, soft, thin bedded.

Start: 26.2
Finish: 25.9
Time: 10:00:00

Start: 20.1
Finish: 20.0
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-39

Moisture Content of Sample: 3.20

W-15-012 HQ-7 (155.5-156.3')
7/2/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (3)      Mass of Drum: 1257.20

Mass of Drum + Sample (wet) 1786.40
Mass of Drum + Sample (oven dried) 1773.80

Mass of sample (oven dried): 516.60
Moisture Content of Sample: 2.44

Data After 1st Cycle:
Mass of Drum + Sample (wet) 1789.2 Water Temp:

Mass of Drum + Sample (oven dried) 1772.7
Mass of sample (oven dried): 515.5

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1781.9 Water Temp:

Mass of Drum + Sample (oven dried) 1757.4
Mass of sample (oven dried): 500.20
Moisture Content of Sample: 4.90

Slake Durability Index: 96.83
Type Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, black, unweathered, moderately hard, thin bedded.

Start: 25.9
Finish: 25.4
Time: 10:00:00

Start: 20.5
Finish: 20.4
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-39

Moisture Content of Sample: 2.99

W-15-012 HQ-7/HQ-8 (160.1-161.2')

7/2/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (4)      Mass of Drum: 1257.10

Mass of Drum + Sample (wet) 1755.00
Mass of Drum + Sample (oven dried) 1740.40

Mass of sample (oven dried): 483.30
Moisture Content of Sample: 3.02

Data After 1st Cycle:
Mass of Drum + Sample (wet) 1753.1 Water Temp:

Mass of Drum + Sample (oven dried) 1738.7
Mass of sample (oven dried): 481.6

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1759.4 Water Temp:

Mass of Drum + Sample (oven dried) 1736.2
Mass of sample (oven dried): 479.10
Moisture Content of Sample: 4.84

Slake Durability Index: 99.13
Type Type I

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, red, unweathered, soft, thin bedded.

Start: 20.9
Finish: 20.7
Time: 10:00:00

Start: 20.2
Finish: 20.4
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-40

Mass of Drum + Sample (wet) 1830.80
Mass of Drum + Sample (oven dried) 1812.60

Mass of sample (oven dried): 555.50

W-15-012 HQ-22 (111.5'-112.5')
7/23/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (3)      Mass of Drum: 1257.10

Mass of Drum + Sample (oven dried) 1584.1
Mass of sample (oven dried): 327
Moisture Content of Sample: 10.09

Moisture Content of Sample: 3.28
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1617.1 Water Temp:

Mass of sample (oven dried): 187.00
Moisture Content of Sample: 19.84

Slake Durability Index: 33.66

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1481.2 Water Temp:

Mass of Drum + Sample (oven dried) 1444.1

Type Type III

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, blue with red bands, unweathered, soft, flat bedded.

Start: 21.2
Finish: 21.1
Time: 10:00:00

Start: 19.7
Finish: 20.1
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type Type II

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 350.50
Moisture Content of Sample: 10.41

Slake Durability Index: 67.95

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1578.0 Water Temp:

Mass of Drum + Sample (oven dried) 1541.5

Mass of Drum + Sample (oven dried) 1636.2
Mass of sample (oven dried): 445.2
Moisture Content of Sample: 7.86

Moisture Content of Sample: 2.91
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1671.2 Water Temp:

Mass of Drum + Sample (oven dried) 1706.80
Mass of sample (oven dried): 515.80

W-15-012 HQ-26 (131.5'-132.5')
7/12/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (3)      Mass of Drum: 1191.00

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-40

Mass of Drum + Sample (wet) 1721.80



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, gray, unweathered, soft, flat bedded.

Start: 21.8
Finish: 21.8
Time: 10:00:00

Start: 20.1
Finish: 20.4
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type Type II

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 348.00
Moisture Content of Sample: 9.68

Slake Durability Index: 66.00

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1572.6 Water Temp:

Mass of Drum + Sample (oven dried) 1538.9

Mass of Drum + Sample (oven dried) 1658
Mass of sample (oven dried): 467.1
Moisture Content of Sample: 5.12

Moisture Content of Sample: 3.49
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1681.9 Water Temp:

Mass of Drum + Sample (oven dried) 1718.20
Mass of sample (oven dried): 527.30

W-15-012 HQ-28 (140.5 - 141.1)
7/9/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (3)      Mass of Drum: 1190.90

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-40

Mass of Drum + Sample (wet) 1736.60



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, black, unweathered, moderately hard, thin bedded.

Start: 21.8
Finish: 21.7
Time: 10:00:00

Start: 20.2
Finish: 20.3
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type Type I

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 494.30
Moisture Content of Sample: 3.38

Slake Durability Index: 99.62

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1767.9 Water Temp:

Mass of Drum + Sample (oven dried) 1751.2

Mass of Drum + Sample (oven dried) 1752.2
Mass of sample (oven dried): 495.3
Moisture Content of Sample: 3.27

Moisture Content of Sample: 2.88
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1768.4 Water Temp:

Mass of Drum + Sample (oven dried) 1753.10
Mass of sample (oven dried): 496.20

W-15-012 HQ-30 (154.3 - 155)
7/9/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (3)      Mass of Drum: 1256.90

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-40

Mass of Drum + Sample (wet) 1767.40



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, black, unweathered, moderately hard, thin bedded.

Start: 20.9
Finish: 20.8
Time: 10:00:00

Start: 20.2
Finish: 20.4
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-40

Mass of Drum + Sample (wet) 1708.60
Mass of Drum + Sample (oven dried) 1694.70

Mass of sample (oven dried): 502.70

W-15-012 HQ-33 (167.6-168.5')
7/23/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (1)      Mass of Drum: 1192.00

Mass of Drum + Sample (oven dried) 1693.4
Mass of sample (oven dried): 501.4
Moisture Content of Sample: 3.41

Moisture Content of Sample: 2.77
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1710.5 Water Temp:

Mass of sample (oven dried): 498.50
Moisture Content of Sample: 3.85

Slake Durability Index: 99.16

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1709.7 Water Temp:

Mass of Drum + Sample (oven dried) 1690.5

Type Type I

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, black, unweathered, moderately hard, thin bedded.

Start: 21.2
Finish: 21.0
Time: 10:00:00

Start: 19.7
Finish: 20.0
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type Type I

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 514.40
Moisture Content of Sample: 3.50

Slake Durability Index: 99.15

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1789.3 Water Temp:

Mass of Drum + Sample (oven dried) 1771.3

Mass of Drum + Sample (oven dried) 1773.4
Mass of sample (oven dried): 516.5
Moisture Content of Sample: 3.41

Moisture Content of Sample: 2.49
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1791 Water Temp:

Mass of Drum + Sample (oven dried) 1775.70
Mass of sample (oven dried): 518.80

W-15-012 HQ-32 (167.5'-168.5')
7/12/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (4)      Mass of Drum: 1256.90

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-41

Mass of Drum + Sample (wet) 1788.60



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Black Shale, moderately hard to soft, unweathered, thin bedded, mod. to slightly fract. 

Start: 24.0
Finish: 23.9
Time: 10:00:13

Start: 23.5
Finish: 23.4
Time: 10:00:02

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-42

Mass of Drum + Sample (wet) 1801.60
Mass of Drum + Sample (oven dried) 1791.00

Mass of sample (oven dried): 534.10

W-15-012 NQ-18 (172.6-173.7')
5/16/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:       4       Mass of Drum: 1256.90

Mass of Drum + Sample (oven dried) 1788.8
Mass of sample (oven dried): 531.9
Moisture Content of Sample: 3.10

Moisture Content of Sample: 1.98
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1805.3 Water Temp:

Mass of sample (oven dried): 529.50
Moisture Content of Sample: 2.74

Slake Durability Index: 99.14

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1800.9 Water Temp:

Mass of Drum + Sample (oven dried) 1786.4

Type I

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Black Shale, slightly to mod. weathered, mod. hard, thin bedded, mod. to highly fract.

Start: 22.6
Finish: 22.6
Time: 10:00:07

Start: 22.1
Finish: 22.0
Time: 10:00:33

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type I

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 481.90
Moisture Content of Sample: 2.76

Slake Durability Index: 98.57

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1686.8 Water Temp:

Mass of Drum + Sample (oven dried) 1673.5

Mass of Drum + Sample (oven dried) 1676.7
Mass of sample (oven dried): 485.1
Moisture Content of Sample: 3.24

Moisture Content of Sample: 1.29
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1692.4 Water Temp:

Mass of Drum + Sample (oven dried) 1680.50
Mass of sample (oven dried): 488.90

W-15-012 HQ-21 (169.7-170.8')
5/21/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:       1       Mass of Drum: 1191.60

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-43

Mass of Drum + Sample (wet) 1686.80



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Dark gray and black Shale, unweathered, soft to mod. hard, thin bedded, mod. fract.

Start: 22.9
Finish: 22.8
Time: 10:00:07

Start: 22.2
Finish: 22.1
Time: 10:00:33

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

Type I

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 524.40
Moisture Content of Sample: 2.56

Slake Durability Index: 99.13

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1728.4 Water Temp:

Mass of Drum + Sample (oven dried) 1715

Mass of Drum + Sample (oven dried) 1716.7
Mass of sample (oven dried): 526.1
Moisture Content of Sample: 3.27

Moisture Content of Sample: 2.80
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1733.9 Water Temp:

Mass of Drum + Sample (oven dried) 1719.60
Mass of sample (oven dried): 529.00

W-15-012 NQ-19 (168.6-169.8')
5/21/2018 C.Straub

Initial Moisture Content:
Drum/Container ID:       2       Mass of Drum: 1190.60

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut Sanitary Trunk Ext.PH2 B-44

Mass of Drum + Sample (wet) 1734.40



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, dark gray to black, slightly weathered, moderately hard, thin bedded.

Start: 21
Finish: 20.9
Time: 10:00:00

Start: 20.4
Finish: 20.6
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-45

Mass of Drum + Sample (wet) 1745.50
Mass of Drum + Sample (oven dried) 1734.50

Mass of sample (oven dried): 543.50

W-15-012 HQ-5 (149.5'-150.3')
7/23/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (2)      Mass of Drum: 1191.00

Mass of Drum + Sample (oven dried) 1716.1
Mass of sample (oven dried): 525.1
Moisture Content of Sample: 5.41

Moisture Content of Sample: 2.02
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1744.5 Water Temp:

Mass of sample (oven dried): 506.00
Moisture Content of Sample: 7.59

Slake Durability Index: 93.10

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1735.4 Water Temp:

Mass of Drum + Sample (oven dried) 1697

Type Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, black, unweathered, soft to mod. hard, thin bedded.

Start: 21
Finish: 20.8
Time: 10:00:00

Start: 20.3
Finish: 20.5
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks
(ASTM D4644-08)

Big Walnut B-46

Mass of Drum + Sample (wet) 1798.50
Mass of Drum + Sample (oven dried) 1783.70

Mass of sample (oven dried): 526.80

W-15-012 HQ-20 (146.8'-147.5')
7/23/2018 Nick Calendine

Initial Moisture Content:
Drum/Container ID:      (4)      Mass of Drum: 1256.90

Mass of Drum + Sample (oven dried) 1782.4
Mass of sample (oven dried): 525.5
Moisture Content of Sample: 3.94

Moisture Content of Sample: 2.81
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1803.1 Water Temp:

Mass of sample (oven dried): 521.20
Moisture Content of Sample: 5.07

Slake Durability Index: 98.94

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1804.5 Water Temp:

Mass of Drum + Sample (oven dried) 1778.1

Type Type I

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale interbedded with sandstone and siltstone (Berea Sandstone/Bedford Shale)

Start: 24
Finish: 24.4
Time: 9:59:00

Start: 20.9
Finish: 20.9
Time: 9:59:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks

(ASTM D4644-08)

Big Walnut B-47

Moisture Content of Sample: 3.87

Mass of Drum + Sample (wet) 1733.90

W-15-012 HQ-19 96.2' - 96.9'
7/2/2019 K. Sarven

Initial Moisture Content:
Drum/Container ID:                Mass of Drum: 1191.40

Data After 1st Cycle:
Mass of Drum + Sample (wet) 1718.8 Water Temp:

Mass of Drum + Sample (oven dried) 1713.70
Mass of sample (oven dried): 522.30

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1671.7 Water Temp:

Mass of Drum + Sample (oven dried) 1651

Mass of Drum + Sample (oven dried) 1700.3
Mass of sample (oven dried): 508.9
Moisture Content of Sample: 3.64

Photographs of Sample
Before Testing: After Testing:

Mass of sample (oven dried): 459.60
Moisture Content of Sample: 4.50

Slake Durability Index: 88.00
Type II



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, dark gray (Bedford Shale)

Start: 24.1
Finish: 24.4
Time: 9:59:00

Start: 21.1
Finish: 21.1
Time: 9:59:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks

(ASTM D4644-08)

Big Walnut B-47

Mass of Drum + Sample (wet) 1704.40
Mass of Drum + Sample (oven dried) 1690.20

Mass of sample (oven dried): 499.50

W-15-012 HQ-28 / 144.7' - 145.3'
7/2/2019 K. Sarven

Initial Moisture Content:
Drum/Container ID:                Mass of Drum: 1190.70

Mass of Drum + Sample (oven dried) 1630.6
Mass of sample (oven dried): 439.9
Moisture Content of Sample: 4.36

Moisture Content of Sample: 2.84
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1649.8 Water Temp:

Mass of sample (oven dried): 345.70
Moisture Content of Sample: 7.20

Slake Durability Index: 69.21

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1561.3 Water Temp:

Mass of Drum + Sample (oven dried) 1536.4

Type II

Photographs of Sample
Before Testing: After Testing:



6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, OH 45242

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998

Project: Boring No.
Project No: Sample ID:

Date: Technician:
Sample Description: Shale, black (Ohio Shale)

Start: 24.1
Finish: 24.4
Time: 10:00:00

Start: 21.3
Finish: 21.3
Time: 10:00:00

Type I: Intact, virtually unchanged;  Type II: Partially intact, large and small frags.;  Type III: Exclusively small fragments

7/27/2011
             RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Slake Durability of Shales and Similar Weak Rocks

(ASTM D4644-08)

Big Walnut B-47

Mass of Drum + Sample (wet) 1782.80
Mass of Drum + Sample (oven dried) 1769.90

Mass of sample (oven dried): 513.10

W-15-012 HQ-34 / 169.3' - 170.0'
7/2/2019 K. Sarven

Initial Moisture Content:
Drum/Container ID:                Mass of Drum: 1256.80

Mass of Drum + Sample (oven dried) 1768.8
Mass of sample (oven dried): 512
Moisture Content of Sample: 1.89

Moisture Content of Sample: 2.51
Data After 1st Cycle:

Mass of Drum + Sample (wet) 1778.5 Water Temp:

Mass of sample (oven dried): 508.90
Moisture Content of Sample: 3.09

Slake Durability Index: 99.18

Data After 2nd Cycle:
Mass of Drum + Sample (wet) 1781.4 Water Temp:

Mass of Drum + Sample (oven dried) 1765.7

Type I

Photographs of Sample
Before Testing: After Testing:





 

J.5 POINT LOAD LABORATORY RESULTS 

  





RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, blue to blueish gray, unweathered, soft, laminated to thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.95 60.90 60.92 60.92

Length: ("D") 24.09 24.25 24.19 24.18

Measurements:  
"D" 24.18
"W" 60.92 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 3870

F (correction factor): 1.20

Is: 0.70 MPa 101.11 psi

Is(50): 0.83 MPa 120.99 psi

       Before Test   After Test

REMARKS: 

Drilled

B-16 Forney-LA 0080

HQ-6 Axial (Perpendicular)

147.4 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, blue to blueish gray, unweathered, soft, laminated to thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.85 60.86 60.86 60.86

Length: ("2 L") 61.72 61.80 61.84 61.79

Measurements:  
"D", mm: 60.86
"L", mm: 30.89 (L>0.5D)

De2: 3704
De: 60.86

Failure Load (N): 1935
F (correction factor): 1.09

1.09

Is: 0.52 MPa 75.78 psi

Is(50): 0.57 MPa 82.78 psi

       Before Test   After Test

REMARKS: 

Drilled

B-16 Forney-LA 0080

HQ-6 Diametral (Parallel)

147.2 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, laminated to thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.91 60.89 60.88 60.89

Length: ("D") 23.95 24.21 24.3 24.15

Measurements:  
"D" 24.15
"W" 60.89 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 3860

F (correction factor): 1.20

Is: 0.70 MPa 100.85 psi

Is(50): 0.83 MPa 120.68 psi

       Before Test   After Test

REMARKS: 

Drilled

B-16 Forney-LA 0080

HQ-7 Axial (Perpendicular)

155.3 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, laminated to thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.87 60.85 60.81 60.84

Length: ("2 L") 62.29 62.21 62.32 62.27

Measurements:  
"D", mm: 60.84
"L", mm: 31.14 (L>0.5D)

De2: 3702
De: 60.84

Failure Load (N): 570
F (correction factor): 1.09

1.09

Is: 0.15 MPa 22.33 psi

Is(50): 0.17 MPa 24.39 psi

       Before Test   After Test

REMARKS: 

Drilled

B-16 Forney-LA 0080

HQ-7 Diametral (Parallel)

155.0 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/23/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 48 48.05 48.06 48.04

Length: ("D") 26.02 25.88 25.83 25.91

Measurements:  
"D" 25.91
"W" 48.04 (0.3W<D<W)
De2: 1585
De: 39.81

A: 1245
Failure Load (N): 10595

F (correction factor): 0.90

Is: 6.69 MPa 969.69 psi

Is(50): 6.03 MPa 875.15 psi

       Before Test   After Test

REMARKS: 

Bluish-gray Shale, soft, slightly weathered, flat bedded, fresh rock.

Drilled

B-18 Forney-LA 0080

NQ-12 Axial (Perpendicular)

150.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/23/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 48.02 48.05 48.01 48.03

Length: ("2 L") 109.92 109.94 109.95 109.94

Measurements:  
"D", mm: 48.03
"L", mm: 54.97 (L>0.5D)

De2: 2307
De: 48.03

Failure Load (N): 2785
F (correction factor): 0.98

Is: 1.21 MPa 175.12 psi

Is(50): 1.19 MPa 171.98 psi

       Before Test   After Test

REMARKS: 

Bluish-gray Shale, soft, slightly weathered, flat bedded, fresh rock.

Drilled

B-18 Forney-LA 0080

NQ-12 Diametral (Parallel)

150.4 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/23/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 48.19 48.21 48.2 48.20

Length: ("D") 25.35 25.43 25.32 25.37

Measurements:  
"D" 25.37
"W" 48.20 (0.3W<D<W)
De2: 1557
De: 39.46

A: 1223
Failure Load (N): 4090

F (correction factor): 0.90

Is: 2.63 MPa 381.05 psi

Is(50): 2.36 MPa 342.53 psi

       Before Test   After Test

REMARKS: 

Black Shale, moderately hard, slightly weathered, laminated, fresh rock.

Drilled

B-18 Forney-LA 0080

NQ-13 Axial (Perpendicular)

160.4 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/23/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 48.42 48.45 48.43 48.43

Length: ("2 L") 78.64 78.65 78.62 78.64

Measurements:  
"D", mm: 48.43
"L", mm: 39.32 (L>0.5D)

De2: 2346
De: 48.43

Failure Load (N): 560
F (correction factor): 0.99

Is: 0.24 MPa 34.62 psi

Is(50): 0.24 MPa 34.13 psi

       Before Test   After Test

REMARKS: 

Black Shale, moderately hard, slightly weathered, laminated, fresh rock.

Drilled

B-18 Forney-LA 0080

NQ-13 Diametral (Parallel)

160.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, dark gray to black, slightly weathered, moderately hard to hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 59.73 59.79 59.77 59.76

Length: ("D") 20.97 20.98 20.97 20.97

Measurements:  
"D" 20.97
"W" 59.76 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 3945

F (correction factor): 1.20

Is: 0.71 MPa 103.07 psi

Is(50): 0.85 MPa 123.33 psi

       Before Test   After Test

REMARKS: 

Drilled

B-19 Forney-LA 0080

HQ-18 Axial (Perpendicular)

149.9 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, dark gray to black, slightly weathered, moderately hard to hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 59.26 59.29 59.27 59.27

Length: ("2 L") 59.31 59.38 59.36 59.35

Measurements:  
"D", mm: 59.27
"L", mm: 29.68 (L>0.5D)

De2: 3513
De: 59.27

Failure Load (N): 225
F (correction factor): 1.08

1.08

Is: 0.06 MPa 9.29 psi

Is(50): 0.07 MPa 10.03 psi

       Before Test   After Test

REMARKS: 

Drilled

B-19 Forney-LA 0080

HQ-18 Diametral (Parallel)

149.6 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index
Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Gray Shale, soft, unweathered, thin bedded, flat bedded, moderately fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 61.11 61.08 61.12 61.10

Length: ("D") 74.51 74.58 74.49 74.53

Measurements:  
"D" 74.53

"W" 61.10 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 2565
F (correction factor): 1.20

Is: 0.46 MPa 67.01 psi
Is(50): 0.55 MPa 80.19 psi

       Before Test   After Test

REMARKS: 

Drilled

B-20 Forney-LA 0080

HQ-13 Axial (Perpendicular)

137.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index
Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Gray Shale, soft, unweathered, thin bedded, flat bedded, moderately fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 61.11 61.08 61.12 61.10

Length: ("2 L") 74.51 74.58 74.49 74.53

Measurements:  
"D", mm: 61.10
"L", mm: 37.26 (L>0.5D)

De2: 3734
De: 61.10

Failure Load (N): 1285
F (correction factor): 1.09

1.09
Is: 0.34 MPa 49.92 psi

Is(50): 0.38 MPa 54.63 psi

       Before Test   After Test

REMARKS: 

Drilled

B-20 Forney-LA 0080

HQ-13 Diametral (Parallel)

137.5 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, moderately hard, unweathered, thin bedded, flat bedded, moderately fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.98 60.99 60.91 60.96

Length: ("D") 29.24 29.34 29.3 29.29

Measurements:  
"D" 29.29
"W" 60.96 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 4320

F (correction factor): 1.20

Is: 0.78 MPa 112.87 psi

Is(50): 0.93 MPa 135.06 psi

       Before Test   After Test

REMARKS: 

Drilled

B-20 Forney-LA 0080

HQ-15 Axial (Perpendicular)

149.7 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, moderately hard, unweathered, thin bedded, flat bedded, moderately fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.98 60.99 60.91 60.96

Length: ("2 L") 93.59 93.41 93.61 93.54

Measurements:  
"D", mm: 60.96
"L", mm: 46.77 (L>0.5D)

De2: 3716
De: 60.96

Failure Load (N): 3770
F (correction factor): 1.09

Is: 1.01 MPa 147.14 psi

Is(50): 1.11 MPa 160.87 psi

       Before Test   After Test

REMARKS: 

Drilled

B-20 Forney-LA 0080

HQ-15 Diametral (Parallel)

150.1 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, dark gray to black, slightly weathered, hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 50.18 50.17 50.1 50.15

Length: ("D") 25.28 25.23 25.31 25.27

Measurements:  
"D" 25.27
"W" 50.15 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 5660

F (correction factor): 1.20

Is: 1.02 MPa 147.88 psi

Is(50): 1.22 MPa 176.95 psi

       Before Test   After Test

REMARKS: 

Drilled

B-21 Forney-LA 0080

NQ-10 Axial (Perpendicular)

161.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, dark gray to black, slightly weathered, hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 50.12 50.17 50.13 50.14

Length: ("2 L") 68.49 69.14 68.52 68.72

Measurements:  
"D", mm: 50.14
"L", mm: 34.36 (L>0.5D)

De2: 2514
De: 50.14

Failure Load (N): 940
F (correction factor): 1.00

1.00

Is: 0.37 MPa 54.23 psi

Is(50): 0.37 MPa 54.30 psi

       Before Test   After Test

REMARKS: 

Drilled

B-21 Forney-LA 0080

NQ-10 Diametral (Parallel)

161.5 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/8/2019

           Test Performed by: EM/KL

Rock Description: Ohio Shale, black, unweathered, medium hard to hard, pyritic.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 93.28 92.93 91.88 92.70

Length: ("D") 46.47 47.35 43.35 45.72

Measurements:  
"D" 45.72
"W" 92.70 (0.3W<D<W)
De2: 5396
De: 73.46

A: 4238
Failure Load (N): 3520

F (correction factor): 1.19

Is: 0.65 MPa 94.60 psi

Is(50): 0.78 MPa 112.49 psi

       Before Test   After Test

REMARKS: 

Drilled

B-21B Forney-LA 0080

RC-5 Axial (Perpendicular)

157.9 As received

157.9'
157.9'



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/8/2019

           Test Performed by: EM/KL

Rock Description: Ohio Shale, black, unweathered, medium hard to hard, pyritic.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 93.67 92.42 92.97 93.02

Length: ("D") 45.46 46.18 43.65 45.10

Measurements:  
"D" 45.10
"W" 93.02 (0.3W<D<W)
De2: 5341
De: 73.08

A: 4195
Failure Load (N): 3240

F (correction factor): 1.19

Is: 0.61 MPa 87.98 psi

Is(50): 0.72 MPa 104.37 psi

       Before Test   After Test

REMARKS: 

Drilled

B-21B Forney-LA 0080

RC-5 Axial (Perpendicular)

158.1 As received

158.1' 158.1'



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/8/2019

           Test Performed by: EM/KL

Rock Description: Ohio Shale, black, unweathered, medium hard to hard, pyritic.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 93.63 94.62 93.35 93.87

Length: ("D") 48.15 47.89 48.15 48.06

Measurements:  
"D" 48.06
"W" 93.87 (0.3W<D<W)
De2: 5744
De: 75.79

A: 4512
Failure Load (N): 3770

F (correction factor): 1.21

Is: 0.66 MPa 95.19 psi

Is(50): 0.79 MPa 114.78 psi

       Before Test   After Test

REMARKS: 

Drilled

B-21B Forney-LA 0080

RC-5 Axial (Perpendicular)

159.9 As received

159.9'

159.9'



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/8/2019

           Test Performed by: EM/KL

Rock Description: Ohio Shale, black, unweathered, medium hard to hard, pyritic.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 93.75 93.62 92.93 93.43

Length: ("D") 46.04 46.40 47.48 46.64

Measurements:  
"D" 46.64
"W" 93.43 (0.3W<D<W)
De2: 5548
De: 74.49

A: 4358
Failure Load (N): 4070

F (correction factor): 1.20

Is: 0.73 MPa 106.39 psi

Is(50): 0.88 MPa 127.29 psi

       Before Test   After Test

REMARKS: 

Drilled

B-21B Forney-LA 0080

RC-5 Axial (Perpendicular)

161.9 As received

161.9'

161.9'



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, gray, moderately to highly weathered, soft to moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 57.00 56.96 56.9 56.95

Length: ("D") 25.09 24.41 24.36 24.62

Measurements:  
"D" 24.62
"W" 56.95 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 3865

F (correction factor): 1.20

Is: 0.70 MPa 100.98 psi

Is(50): 0.83 MPa 120.83 psi

       Before Test   After Test

REMARKS: 

Drilled

B-22 Forney-LA 0080

HQ-5 Axial (Perpendicular)

154.1 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, gray, moderately to highly weathered, soft to moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 59.06 59.07 58.93 59.02

Length: ("2 L") 71.36 71.42 71.4 71.39

Measurements:  
"D", mm: 59.02
"L", mm: 35.70 (L>0.5D)

De2: 3483
De: 59.02

Failure Load (N): 730
F (correction factor): 1.08

1.08

Is: 0.21 MPa 30.40 psi

Is(50): 0.23 MPa 32.75 psi

       Before Test   After Test

REMARKS: 

Drilled

B-22 Forney-LA 0080

HQ-5 Diametral (Parallel)

153.9 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/23/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 58.16 58.16 58.09 58.14

Length: ("D") 29.03 29.06 29.04 29.04

Measurements:  
"D" 29.04
"W" 58.14 (0.3W<D<W)
De2: 2150
De: 46.37

A: 1688
Failure Load (N): 9485

F (correction factor): 0.97

Is: 4.41 MPa 639.90 psi

Is(50): 4.26 MPa 618.54 psi

       Before Test   After Test

REMARKS: 

Gray Shale, soft to moderately hard, slightly to mod. weathered, thin bedded.

Drilled

B-23 Forney-LA 0080

HQ-10 Axial (Perpendicular)

155.0 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/23/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 55.01 55.17 55.16 55.11

Length: ("2 L") 58.57 58.62 58.61 58.60

Measurements:  
"D", mm: 55.11
"L", mm: 29.30 (L>0.5D)

De2: 3037
De: 55.11

Failure Load (N): 5005
F (correction factor): 1.04

Is: 1.65 MPa 238.99 psi

Is(50): 1.72 MPa 249.69 psi

       Before Test   After Test

REMARKS: 

Gray Shale, soft to moderately hard, slightly to mod. weathered, thin bedded.

Drilled

B-23 Forney-LA 0080

HQ-10 Diametral (Parallel)

154.7 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/23/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 55.82 55.80 55.86 55.83

Length: ("D") 29.39 29.54 29.29 29.41

Measurements:  
"D" 29.41
"W" 55.83 (0.3W<D<W)
De2: 2090
De: 45.72

A: 1642
Failure Load (N): 10195

F (correction factor): 0.96

Is: 4.88 MPa 707.41 psi

Is(50): 4.68 MPa 679.48 psi

       Before Test   After Test

REMARKS: 

Dark gray Shale, moderately hard, slightly to mod. weathered, thin bedded. 

Drilled

B-23 Forney-LA 0080

HQ-13 Axial (Perpendicular)

168.9 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - PH 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 4/23/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 55.01 55.17 55.16 55.11

Length: ("2 L") 65.61 65.62 65.59 65.61

Measurements:  
"D", mm: 55.11
"L", mm: 32.80 (L>0.5D)

De2: 3037
De: 55.11

Failure Load (N): 1380
F (correction factor): 1.04

Is: 0.45 MPa 65.89 psi

Is(50): 0.47 MPa 68.85 psi

       Before Test   After Test

REMARKS: 

Dark gray Shale, moderately hard, slightly to mod. weathered, thin bedded. 

Drilled

B-23 Forney-LA 0080

HQ-13 Diametral (Parallel)

169.5 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, gray, moderately to highly weathered, soft to moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 59.91 59.96 59.98 59.95

Length: ("D") 24.95 24.98 24.97 24.97

Measurements:  
"D" 24.97
"W" 59.95 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 7090

F (correction factor): 1.20

Is: 1.28 MPa 185.24 psi

Is(50): 1.53 MPa 221.66 psi

       Before Test   After Test

REMARKS: 

Drilled

B-24 Forney-LA 0080

HQ-15 Axial (Perpendicular)

160.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, gray, moderately to highly weathered, soft to moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 59.92 59.93 59.91 59.92

Length: ("2 L") 63.92 63.93 63.98 63.94

Measurements:  
"D", mm: 59.92
"L", mm: 31.97 (L>0.5D)

De2: 3590
De: 59.92

Failure Load (N): 750
F (correction factor): 1.08

1.08

Is: 0.21 MPa 30.30 psi

Is(50): 0.23 MPa 32.87 psi

       Before Test   After Test

REMARKS: 

Drilled

 B-24 Forney-LA 0080

HQ-15 Diametral (Parallel)

160.5 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, dark gray to black, slightly weathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 59.7 59.65 59.77 59.71

Length: ("D") 22.4 21.06 21.36 21.61

Measurements:  
"D" 21.61
"W" 59.71 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 1890

F (correction factor): 1.20

Is: 0.34 MPa 49.38 psi

Is(50): 0.41 MPa 59.09 psi

       Before Test   After Test

REMARKS: No intact specimen available for Diametral Test.

Drilled

B-24 Forney-LA 0080

HQ-16 Axial (Perpendicular)

164.5 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Gray Shale, slightly weathered, moderately hard, thin bedded, unfractured to slightly fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 50.01 49.98 49.98 49.99

Length: ("D") 25.76 25.81 25.74 25.77

Measurements:  
"D" 25.77
"W" 49.99 (0.3W<D<W)
De2: 1640
De: 40.50

A: 1288
Failure Load (N): 1820

F (correction factor): 0.91

Is: 1.11 MPa 160.93 psi

Is(50): 1.01 MPa 146.37 psi

       Before Test   After Test

REMARKS: 

Drilled

B-27 Forney-LA 0080

NQ-16 Axial (Perpendicular)

161.2 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Gray Shale, slightly weathered, moderately hard, thin bedded, unfractured to slightly fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 50.03 50.08 50.1 50.07

Length: ("2 L") 53.34 53.41 53.38 53.38

Measurements:  
"D", mm: 50.07
"L", mm: 26.69 (L>0.5D)

De2: 2507
De: 50.07

Failure Load (N): 410
F (correction factor): 1.00

Is: 0.16 MPa 23.72 psi

Is(50): 0.16 MPa 23.73 psi

       Before Test   After Test

REMARKS: 

Drilled

B-27 Forney-LA 0080

NQ-16 Diametral (Parallel)

160.9 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, unweathered, moderately hard, thin bedded, unfractured to slighty fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 50.51 50.57 50.49 50.52

Length: ("D") 25.35 24.93 24.97 25.08

Measurements:  
"D" 25.08
"W" 50.52 (0.3W<D<W)
De2: 1614
De: 40.17

A: 1267
Failure Load (N): 4450

F (correction factor): 0.91

Is: 2.76 MPa 399.99 psi

Is(50): 2.50 MPa 362.47 psi

       Before Test   After Test

REMARKS: 

Drilled

B-27 Forney-LA 0080

NQ-17 Axial (Perpendicular)

174.5 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, unweathered, moderately hard, thin bedded, unfractured to slighty fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 50.72 50.69 50.64 50.68

Length: ("2 L") 56.02 56.12 56.08 56.07

Measurements:  
"D", mm: 50.68
"L", mm: 28.04 (L>0.5D)

De2: 2569
De: 50.68

Failure Load (N): 610
F (correction factor): 1.01

Is: 0.24 MPa 34.44 psi

Is(50): 0.24 MPa 34.65 psi

       Before Test   After Test

REMARKS: 

Drilled

B-27 Forney-LA 0080

NQ-17 Diametral (Parallel)

174.2 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, unweathered, moderately hard, thin bedded, flat bedded, unfractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 50.62 50.61 50.6 50.61

Length: ("D") 26.22 26.12 26.02 26.12

Measurements:  
"D" 26.12
"W" 50.61 (0.3W<D<W)
De2: 1683
De: 41.03

A: 1322
Failure Load (N): 3080

F (correction factor): 0.91

Is: 1.83 MPa 265.41 psi

Is(50): 1.67 MPa 242.80 psi

       Before Test   After Test

REMARKS: 

Drilled

B-29 Forney-LA 0080

NQ-18 Axial (Perpendicular)

170.2 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, unweathered, moderately hard, thin bedded, flat bedded, unfractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 50.46 50.55 50.58 50.53

Length: ("2 L") 58.11 58.21 58.19 58.17

Measurements:  
"D", mm: 50.53
"L", mm: 29.09 (L>0.5D)

De2: 2553
De: 50.53

Failure Load (N): 1920
F (correction factor): 1.00

Is: 0.75 MPa 109.06 psi

Is(50): 0.76 MPa 109.58 psi

       Before Test   After Test

REMARKS: 

Drilled

B-29 Forney-LA 0080

NQ-18 Diametral (Parallel)

169.9 As received



R
E

S
O

U
R

C
E

 IN
TE

R
N

A
TI

O
N

A
L

, I
N

C
.

E
ng

in
ee

rin
g 

C
on

su
lta

nt
s

63
50

 P
re

si
de

nt
ia

l G
at

ew
.

98
85

 R
oc

ks
id

e 
R

oa
d

44
80

 L
ak

e 
F

or
es

t D
riv

e
P

ro
je

ct
:

B
ig

 W
al

nu
t S

an
ita

ry
 T

ru
nk

 S
ew

er
 E

xt
. -

 P
ha

se
 2

C
ol

um
bu

s,
 O

H
 4

32
31

C
le

ve
la

nd
, O

H
 4

41
25

C
in

ci
nn

at
i, 

O
hi

o 
45

24
2

P
ro

je
ct

 N
o.

:
W

-1
5-

01
2

P
ho

ne
 (

61
4)

 8
23

-4
94

9
P

ho
ne

 (
21

6)
 5

73
-0

95
5

P
ho

ne
 (

51
3)

 7
69

-6
99

8
D

at
e 

of
 T

es
tin

g:
5/

21
/2

01
8

   
   

   
  T

es
t P

er
fo

rm
ed

 b
y:

E
.M

.

R
oc

k 
D

es
cr

ip
tio

n:
B

la
ck

 S
ha

le
, m

od
er

at
el

y 
ha

rd
, u

nw
ea

th
er

ed
, l

am
in

at
ed

 to
 th

in
 b

ed
de

d,
 fl

at
 b

ed
de

d,
 u

nf
ra

ct
ur

ed
.

B
or

in
g 

N
o.

:
T

es
t A

pp
ar

at
us

:

S
am

pl
e 

N
o:

S
er

ia
l N

um
be

r:

M
oi

st
ur

e 
co

nd
iti

on
:

D
at

e 
of

 C
al

ib
ra

tio
n:

D
ep

th
W

id
th

 (
W

)
D

ia
m

et
er

 (
D

)
L

o
ad

D
e2

D
e

Is
Is

(5
0)

(f
t)

(m
m

)
(m

m
)

(N
)

(m
m

2 )
(m

m
)

(M
p

a)
(M

p
a)

1
a 
┴

17
5.

5
50

.4
27

.5
71

25
1,

76
6

42
.0

0.
92

4.
03

3.
73

2
d║

17
5.

3
N

A
50

.3
52

0
2,

53
2

50
.3

1.
00

0.
21

0.
21

S
p

ec
if

ic
 S

p
ec

im
en

 S
h

ap
e:

d 
 =

  d
ia

m
et

ric
al

a 
 =

 a
xi

al

b 
 =

 b
lo

ck

i  
=

 ir
re

gu
la

r 
lu

m
p

┴
 =

 p
er

pe
nd

ic
ul

ar
 to

 b
ed

di
ng

 p
la

ne

║
 =

 p
ar

al
le

l t
o 

be
dd

in
g 

pl
an

e

R
em

ar
ks

: 

S
am

p
le

   
   

   
 

N
o

.
T

es
t 

   
   

   
  

T
yp

e

(A
S

T
M

 D
 5

73
1-

08
)

o
f 

R
o

ck
 S

p
ec

im
en

s 

P
o

in
t 

L
o

ad
 S

tr
en

g
th

 In
d

ex

FF
or

ne
y-

LA
 0

08
0

A
12

5/
A

Z
/0

01
4

A
s 

re
ce

iv
ed

H
Q

-2
0

B
-3

1

4/
19

/2
01

8





RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 50.44 50.38 50.42 50.41

Length: ("D") 27.56 27.46 27.51 27.51

Measurements:  
"D" 27.51
"W" 50.41 (0.3W<D<W)
De2: 1766
De: 42.02

A: 1387
Failure Load (N): 7125

F (correction factor): 0.92

Is: 4.03 MPa 585.22 psi

Is(50): 3.73 MPa 541.19 psi

       Before Test   After Test

REMARKS: 

Drilled

B-31 Forney-LA 0080

NQ-20 Axial (Perpendicular)

175.5 As received

Black Shale, moderately hard, unweathered, laminated to thin bedded, flat bedded, unfractured.



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description:

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 50.36 50.28 50.32 50.32

Length: ("2 L") 59.48 59.52 59.6 59.53

Measurements:  
"D", mm: 50.32
"L", mm: 29.77 (L>0.5D)

De2: 2532
De: 50.32

Failure Load (N): 520
F (correction factor): 1.00

Is: 0.21 MPa 29.79 psi

Is(50): 0.21 MPa 29.87 psi

       Before Test   After Test

REMARKS: 

Drilled

B-31 Forney-LA 0080

NQ-20 Diametral (Parallel)

175.3 As received

Black Shale, moderately hard, unweathered, laminated to thin bedded, flat bedded, unfractured.
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, moderately hard, unweathered, thin bedded, unfractured, flat bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 50.28 50.26 50.28 50.27

Length: ("D") 26.29 26.23 26.22 26.25

Measurements:  
"D" 26.25
"W" 50.27 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 7125

F (correction factor): 1.20

Is: 1.28 MPa 186.15 psi

Is(50): 1.54 MPa 222.75 psi

       Before Test   After Test

REMARKS: 

Drilled

B-33 Forney-LA 0080

NQ-18 Axial (Perpendicular)

178.6 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, moderately hard, unweathered, thin bedded, unfractured, flat bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 50.31 50.27 50.34 50.31

Length: ("2 L") 78.23 78.44 78.29 78.32

Measurements:  
"D", mm: 50.31
"L", mm: 39.16 (L>0.5D)

De2: 2531
De: 50.31

Failure Load (N): 2810
F (correction factor): 1.00

Is: 1.11 MPa 161.04 psi

Is(50): 1.11 MPa 161.48 psi

       Before Test   After Test

REMARKS: 

Drilled

B-33 Forney-LA 0080

NQ-18 Diametral (Parallel)

178.0 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, dark gray to black, slightly to moderately weathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 58.93 58.96 58.9 58.93

Length: ("D") 25.07 25.50 25.59 25.39

Measurements:  
"D" 25.39
"W" 58.93 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 3470

F (correction factor): 1.20

Is: 0.63 MPa 90.66 psi

Is(50): 0.75 MPa 108.48 psi

       Before Test   After Test

REMARKS: No intact specimen available for Diametral Test.

Drilled

B-36 Forney-LA 0080

HQ-4 Axial (Perpendicular)

159.5 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, blueish gray, unweathered to slightly weathered, soft, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.86 60.88 60.86 60.87

Length: ("D") 24.83 24.85 24.87 24.85

Measurements:  
"D" 24.85
"W" 60.87 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 3930

F (correction factor): 1.20

Is: 0.71 MPa 102.68 psi

Is(50): 0.85 MPa 122.87 psi

       Before Test   After Test

REMARKS: 

Drilled

B-39 Forney-LA 0080

HQ-6 Axial (Perpendicular)

153.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, blueish gray, unweathered to slightly weathered, soft, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.94 60.88 60.84 60.89

Length: ("2 L") 66.15 66.10 66.14 66.13

Measurements:  
"D", mm: 60.89
"L", mm: 33.07 (L>0.5D)

De2: 3707
De: 60.89

Failure Load (N): 1395
F (correction factor): 1.09

1.09

Is: 0.38 MPa 54.58 psi

Is(50): 0.41 MPa 59.64 psi

       Before Test   After Test

REMARKS: 

Drilled

B-39 Forney-LA 0080

HQ-6 Diametral (Parallel)

153.6 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.92 60.94 60.92 60.93

Length: ("D") 24.21 24.26 24.27 24.25

Measurements:  
"D" 24.25
"W" 60.93 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 1085

F (correction factor): 1.20

Is: 0.20 MPa 28.35 psi

Is(50): 0.23 MPa 33.92 psi

       Before Test   After Test

REMARKS: 

Drilled

B-39 Forney-LA 0080

HQ-7 Axial (Perpendicular)

159.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.98 61.04 61.03 61.02

Length: ("2 L") 75.3 75.32 75.39 75.34

Measurements:  
"D", mm: 61.02
"L", mm: 37.67 (L>0.5D)

De2: 3723
De: 61.02

Failure Load (N): 2085
F (correction factor): 1.09

1.09

Is: 0.56 MPa 81.23 psi

Is(50): 0.61 MPa 88.84 psi

       Before Test   After Test

REMARKS: 

Drilled

B-39 Forney-LA 0080

HQ-7 Diametral (Parallel)

159.6 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Sandstone, gray, slightly to unweathered, moderately hard, medium to fine grained, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.66 60.73 60.72 60.70

Length: ("D") 29.25 29.20 29.19 29.21

Measurements:  
"D" 29.21
"W" 60.70 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 12035

F (correction factor): 1.20

Is: 2.17 MPa 314.43 psi

Is(50): 2.59 MPa 376.26 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-5 Axial (Perpendicular)

26.3 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Sandstone, gray, slightly to unweathered, moderately hard, medium to fine grained, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.77 60.74 60.81 60.77

Length: ("2 L") 76.31 76.83 76.53 76.56

Measurements:  
"D", mm: 60.77
"L", mm: 38.28 (L>0.5D)

De2: 3693
De: 60.77

Failure Load (N): 13940
F (correction factor): 1.09

1.09

Is: 3.77 MPa 547.42 psi

Is(50): 4.12 MPa 597.66 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-5 Diametral (Parallel)

26.0 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Interbedded shale and sandstone (55%/45%); Shale, dark gray, unweathered, soft, thin bedded; 

Sandstone, light gray, unweathered, moderately hard, medium to fine grained, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.9 61.00 60.93 60.94

Length: ("D") 23.99 24.07 23.98 24.01

Measurements:  
"D" 24.01
"W" 60.94 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 1390

F (correction factor): 1.20

Is: 0.25 MPa 36.32 psi

Is(50): 0.30 MPa 43.46 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-16 Axial (Perpendicular)

83.6 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Interbedded shale and sandstone (55%/45%); Shale, dark gray, unweathered, soft, thin bedded; 

Sandstone, light gray, unweathered, moderately hard, medium to fine grained, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.12 60.06 60.05 60.08

Length: ("2 L") 61.36 60.96 61.05 61.12

Measurements:  
"D", mm: 60.08
"L", mm: 30.56 (L>0.5D)

De2: 3609
De: 60.08

Failure Load (N): 480
F (correction factor): 1.09

1.09

Is: 0.13 MPa 19.29 psi

Is(50): 0.14 MPa 20.95 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-16 Diametral (Parallel)

83.3 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, red, unweathered, soft, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.67 60.68 60.7 60.68

Length: ("D") 23.97 23.98 23.99 23.98

Measurements:  
"D" 23.98
"W" 60.68 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 570

F (correction factor): 1.20

Is: 0.10 MPa 14.89 psi

Is(50): 0.12 MPa 17.82 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-22 Axial (Perpendicular)

112.5 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, red, unweathered, soft, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.88 60.86 60.89 60.88

Length: ("2 L") 65.59 65.87 65.96 65.81

Measurements:  
"D", mm: 60.88
"L", mm: 32.90 (L>0.5D)

De2: 3706
De: 60.88

Failure Load (N): 345
F (correction factor): 1.09

1.09

Is: 0.09 MPa 13.50 psi

Is(50): 0.10 MPa 14.75 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-22 Diametral (Parallel)

112.9 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: 7/26/2018

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: EM/KL

Rock Description: Shale, blue with red bands, unweathered, soft, flat bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.88 60.90 60.91 60.90

Length: ("D") 26.7 27.21 26.78 26.90

Measurements:  
"D" 26.90
"W" 60.90 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 1000

F (correction factor): 1.20

Is: 0.18 MPa 26.13 psi

Is(50): 0.22 MPa 31.26 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-26 Axial (Perpendicular)

133.1 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, blue with red bands, unweathered, soft, flat bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.98 60.96 60.93 60.96

Length: ("2 L") 66.17 66.20 66.1 66.16

Measurements:  
"D", mm: 60.96
"L", mm: 33.08 (L>0.5D)

De2: 3716
De: 60.96

Failure Load (N): 835
F (correction factor): 1.09

1.09

Is: 0.22 MPa 32.59 psi

Is(50): 0.25 MPa 35.63 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-26 Diametral (Parallel)

132.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, gray, unweathered, soft, flat bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 61 61.11 60.99 61.03

Length: ("D") 25.94 26.21 26.19 26.11

Measurements:  
"D" 26.11
"W" 61.03 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 1055

F (correction factor): 1.20

Is: 0.19 MPa 27.56 psi

Is(50): 0.23 MPa 32.98 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-28 Axial (Perpendicular)

143.9 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, gray, unweathered, soft, flat bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 61.06 61.00 61.02 61.03

Length: ("2 L") 61.12 61.25 61.28 61.22

Measurements:  
"D", mm: 61.03
"L", mm: 30.61 (L>0.5D)

De2: 3724
De: 61.03

Failure Load (N): 275
F (correction factor): 1.09

1.09

Is: 0.07 MPa 10.71 psi

Is(50): 0.08 MPa 11.71 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-28 Diametral (Parallel)

143.7 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 61.05 61.06 61.02 61.04

Length: ("D") 26.61 26.87 26.59 26.69

Measurements:  
"D" 26.69
"W" 61.04 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 2150

F (correction factor): 1.20

Is: 0.39 MPa 56.17 psi

Is(50): 0.46 MPa 67.22 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-30 Axial (Perpendicular)

152.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 61.09 60.97 61.03 61.03

Length: ("2 L") 65.02 64.94 64.89 64.95

Measurements:  
"D", mm: 61.03
"L", mm: 32.48 (L>0.5D)

De2: 3725
De: 61.03

Failure Load (N): 2885
F (correction factor): 1.09

1.09

Is: 0.77 MPa 112.34 psi

Is(50): 0.85 MPa 122.88 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-30 Diametral (Parallel)

152.5 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.99 60.95 60.98 60.97

Length: ("D") 28.48 28.33 28.39 28.40

Measurements:  
"D" 28.40
"W" 60.97 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 3775

F (correction factor): 1.20

Is: 0.68 MPa 98.63 psi

Is(50): 0.81 MPa 118.02 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-32 Axial (Perpendicular)

165.1 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 61 61.05 61.03 61.03

Length: ("2 L") 81.98 81.92 82.02 81.97

Measurements:  
"D", mm: 61.03
"L", mm: 40.99 (L>0.5D)

De2: 3724
De: 61.03

Failure Load (N): 2120
F (correction factor): 1.09

1.09

Is: 0.57 MPa 82.56 psi

Is(50): 0.62 MPa 90.31 psi

       Before Test   After Test

REMARKS: 

Drilled

B-40 Forney-LA 0080

HQ-32 Diametral (Parallel)

164.8 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.82 60.84 60.83 60.83

Length: ("D") 23.39 23.37 23.38 23.38

Measurements:  
"D" 23.38
"W" 60.83 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 3420

F (correction factor): 1.20

Is: 0.62 MPa 89.35 psi

Is(50): 0.74 MPa 106.92 psi

       Before Test   After Test

REMARKS: 

Drilled

B-41 Forney-LA 0080

HQ-32 Axial (Perpendicular)

169.2 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.88 60.81 60.89 60.86

Length: ("2 L") 69.54 69.37 69.4 69.44

Measurements:  
"D", mm: 60.86
"L", mm: 34.72 (L>0.5D)

De2: 3704
De: 60.86

Failure Load (N): 2540
F (correction factor): 1.09

1.09

Is: 0.69 MPa 99.46 psi

Is(50): 0.75 MPa 108.66 psi

       Before Test   After Test

REMARKS: 

Drilled

B-41 Forney-LA 0080

HQ-32 Diametral (Parallel)

169.0 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, unweathered, mod. hard to soft, thin bedded, flat bedded, mod. to slightly fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 50.33 50.32 50.35 50.33

Length: ("D") 26.77 26.78 26.7 26.75

Measurements:  
"D" 26.75
"W" 50.33 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 3885

F (correction factor): 1.20

Is: 0.70 MPa 101.50 psi

Is(50): 0.84 MPa 121.46 psi

       Before Test   After Test

REMARKS: 

Drilled

B-42 Forney-LA 0080

NQ-18 Axial (Perpendicular)

171.9 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, unweathered, mod. hard to soft, thin bedded, flat bedded, mod. to slightly fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 50.39 50.42 50.38 50.40

Length: ("2 L") 58.82 58.92 58.97 58.90

Measurements:  
"D", mm: 50.40
"L", mm: 29.45 (L>0.5D)

De2: 2540
De: 50.40

Failure Load (N): 1020
F (correction factor): 1.00

Is: 0.40 MPa 58.25 psi

Is(50): 0.40 MPa 58.46 psi

       Before Test   After Test

REMARKS: 

Drilled

B-42 Forney-LA 0080

NQ-18 Diametral (Parallel)

171.6 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, slightly to mod. weathered, mod. hard, thin bedded, flat bedded, mod. to highly fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 57.87 57.90 57.86 57.88

Length: ("D") 26.46 26.23 26.18 26.29

Measurements:  
"D" 26.29
"W" 57.88 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 5965

F (correction factor): 1.20

Is: 1.07 MPa 155.85 psi

Is(50): 1.29 MPa 186.49 psi

       Before Test   After Test

REMARKS: 

Drilled

B-43 Forney-LA 0080

HQ-21 Axial (Perpendicular)

168.9 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Black Shale, slightly to mod. weathered, mod. hard, thin bedded, flat bedded, mod. to highly fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 57.58 57.42 57.62 57.54

Length: ("2 L") 85.85 85.74 85.46 85.68

Measurements:  
"D", mm: 57.54
"L", mm: 42.84 (L>0.5D)

De2: 3311
De: 57.54

Failure Load (N): 265
F (correction factor): 1.07

Is: 0.08 MPa 11.61 psi

Is(50): 0.09 MPa 12.37 psi

       Before Test   After Test

REMARKS: 

Drilled

B-43 Forney-LA 0080

HQ-21 Diametral (Parallel)

169.3 As received
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RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Dark gray and black Shale, unweathered, soft to moderately hard, thin bedded, moderately fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 50.33 50.32 50.35 50.33

Length: ("D") 25.33 25.28 25.29 25.30

Measurements:  
"D" 25.30
"W" 50.33 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 2565

F (correction factor): 1.20

Is: 0.46 MPa 67.01 psi

Is(50): 0.55 MPa 80.19 psi

       Before Test   After Test

REMARKS: 

Drilled

B-44 Forney-LA 0080

NQ-19 Axial (Perpendicular)

168.0 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 5/21/2018

           Test Performed by: E.M.

Rock Description: Dark gray and black Shale, unweathered, soft to moderately hard, thin bedded, moderately fractured.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 50.52 50.49 50.55 50.52

Length: ("2 L") 77.44 77.38 77.49 77.44

Measurements:  
"D", mm: 50.52
"L", mm: 38.72 (L>0.5D)

De2: 2552
De: 50.52

Failure Load (N): 1285
F (correction factor): 1.00

Is: 0.50 MPa 73.02 psi

Is(50): 0.51 MPa 73.36 psi

       Before Test   After Test

REMARKS: 

Drilled

B-44 Forney-LA 0080

NQ-19 Diametral (Parallel)

167.6 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, dark gray to black, slightly weathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 58.65 58.73 58.7 58.69

Length: ("D") 21.73 21.57 21.69 21.66

Measurements:  
"D" 21.66
"W" 58.69 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 2190

F (correction factor): 1.20

Is: 0.39 MPa 57.22 psi

Is(50): 0.47 MPa 68.47 psi

       Before Test   After Test

REMARKS: 

Drilled

B-45 Forney-LA 0080

HQ-5 Axial (Perpendicular)

150.7 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, dark gray to black, slightly weathered, moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.93 60.94 61.01 60.96

Length: ("2 L") 46.95 47.05 46.97 46.99

Measurements:  
"D", mm: 60.96
"L", mm: 23.50 (L>0.5D)

De2: 3716
De: 60.96

Failure Load (N): 530
F (correction factor): 1.09

1.09

Is: 0.14 MPa 20.69 psi

Is(50): 0.16 MPa 22.62 psi

       Before Test   After Test

REMARKS: 

Drilled

B-45 Forney-LA 0080

HQ-5 Diametral (Parallel)

150.4 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, soft to moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter: ("W") 60.93 60.95 60.97 60.95

Length: ("D") 21.49 21.50 21.51 21.50

Measurements:  
"D" 21.50
"W" 60.95 (0.3W<D<W)
De2: 5551
De: 74.51

A: 4360
Failure Load (N): 2070

F (correction factor): 1.20

Is: 0.37 MPa 54.08 psi

Is(50): 0.45 MPa 64.72 psi

       Before Test   After Test

REMARKS: 

Drilled

B-46 Forney-LA 0080

HQ-20 Axial (Perpendicular)

148.2 As received



RESOURCE INTERNATIONAL, INC. Point Load Strength Index

Engineering Consultants of Rock Specimens (ASTM D 5731-08)

6350 Presidential Gatew. 9885 Rockside Road 4480 Lake Forest Drive Project: Big Walnut Sanitary Trunk Sewer Ext. - Phase 2

Columbus, OH 43231 Cleveland, OH 44125 Cincinnati, Ohio 45242 Project No.: W-15-012

Phone (614) 823-4949 Phone (216) 573-0955 Phone (513) 769-6998 Date of Testing: 7/26/2018

           Test Performed by: EM/KL

Rock Description: Shale, black, unweathered, soft to moderately hard, thin bedded.

Boring No.: Test Apparatus:

Sample No: Direction of Loading:

Depth (ft): Moisture condition:

Source of sample: Diameter:("D") 60.92 60.95 60.97 60.95

Length: ("2 L") 63.31 62.95 62.97 63.08

Measurements:  
"D", mm: 60.95
"L", mm: 31.54 (L>0.5D)

De2: 3714
De: 60.95

Failure Load (N): 235
F (correction factor): 1.09

1.09

Is: 0.06 MPa 9.18 psi

Is(50): 0.07 MPa 10.03 psi

       Before Test   After Test

REMARKS: 

Drilled

B-46 Forney-LA 0080

HQ-20 Diametral (Parallel)

147.9 As received



 

J.6 PETROGRAPHY LABORATORY RESULTS 

  





 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-16-HQ-6 @ 148.1-148.9 
 

Macroscopic sample 
description 

Medium gray pyritic shale 
70% gray color dry, 90% gray wet fissile mudstone.  4 mm average thickness between 
shale partings with wavy surfaces. 2-3 mm long, <0.5 mm thick pyrite concretions 
elongate along shale partings. Nonmagnetic. Scratches easily with steel scribe. No visible 
reaction with acid. 

Brief petrographic 
description 

Homogenous distribution of rounded quartz silt in brown mica-clay mud matrix. Very 
fine-grained pyrite disseminated throughout concentrated mostly in very large aggregates. 

Constituent minerals Quartz 46% 20% as 20-40 μm equant, rounded grains evenly disseminated 
throughout, remainder as finer-grained portion of mud matrix 

Muscovite 32% 60 μm detrital grains with high second-order interference, 
<10 μm highly birefringent component of mud matrix 

Kaolinite 17% <1 μm first-order gray component of mud matrix 
Pyrite 4% 10 μm equant grains that form bedding-parallel aggregates up to 4 

mm long 
Kerogen 1% amorphous brown material in mud matrix, no distinct fossils 

Porosity 0% intergranular porosity and <0.1% fracture porosity 
Heterogeneity Fissile shaley parting  

 
Billet of medium gray pyritic shale 
Note pyrite throughout sample (e.g., arrow) 

 
Thin section slide of medium gray pyritic shale 
Faintly bedded due to slight quartz silt variations. 
Blue epoxy impregnation indicates <0.1% porosity – 
mostly along shale partings.     

Photograph of cut drill core 
of medium gray pyritic 
shale.  Note imperfectly 
planar parting. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.7 0.8 
Al2O3 17.0 19.6 
SiO2 58.8 67.9 
P2O5 0.1 0.1 
SO2 1.1 1.2 
K2O 3.4 4.0 
CaO 0.3 0.3 
TiO2 0.8 1.0 
FeO 3.9 4.5 
Total 86.5 100.0 

 

 
dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-16-HQ-6 @ 148.1-148.9 
 

 

Plane-polarized photomicrograph of main body 
of sample showing mostly homogenous quartz 
silt (white)-mud matrix with local dark brown 
wisps of clay-rich material parallel to bedding. 

Black shape is aggregate of diagenetic pyrite.  
Blue epoxy fills fractures. 

 

Cross-polarized photomicrograph of same spot 
on slide documenting first-order gray interference 
of quartz silt (gray) and higher-order interference 
of micas in mud matrix.   

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 

the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-16-HQ-6 @ 148.1-148.9 
 

 

Cross-polarized photomicrograph of mudstone 
matrix with small quartz silt pod (top center 
gray). 

Very fine-grained pyrite disseminated throughout 
sample (black).   

 

Cross-polarized photomicrograph detailing 
homogenous mixture of quartz silt (equant large 
gray/white grains) with very fine-grained mica 
(brown/yellow with hints of bright colors) and 
clay (gray “static”).  Very fine-grained 
disseminated opaque pyrite grains (black) 
throughout sample.   

Bright green flake at top right is detrital 
muscovite grain.  

 

 

Cross-polarized photomicrograph at very high 
magnification of mica-clay mud matrix.  Clay is 
gray flakey material.  Brown/yellow is very fine-
grained mica with richer brown macerals of 
organic carbon. 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-16-HQ-7 @ 153.8-154.4 
 

Macroscopic sample 
description 

Medium gray pyritic shale 
70% gray color dry, 90% gray wet highly fissile mudstone.  6 mm average thickness 
between shale partings with planar surfaces. Sparse 1-2 mm long pyrite concentrations 
along shale partings seen on polished surface, but not distinct on unpolished surfaces. 
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Homogenous distribution of equant, irregularly-shaped quartz silt in dark brown mica-
clay mud matrix. Organic carbon as wavy linear or loop-shaped yellow fossil material, 
red flakes, and amorphous brown kerogen in matrix. Very fine-grained pyrite primarily as 
mm-scale wisps along bedding. 

Constituent minerals Quartz 44% 20% as 20-40 μm equant, irregularly-shaped grains evenly 
disseminated throughout, remainder as very fine-grained 
component in mud matrix 

Muscovite 35% <1% 60 μm detrital grains with high second-order interference, 
most as <10 μm highly birefringent component of mud matrix 

Kaolinite 16% <1 μm first-order gray component of mud matrix 
Pyrite 2% <20 μm equant grains disseminated throughout, clustering to form 

1,000 μm long x 100 μm thick aggregates along bedding 
Kerogen 3% thin, yellow, 100 μm long wavy/loop-shaped plant fossil fragments, 

sparser <60μm red flakes, and amorphous brown material in mud 
matrix 

Porosity 0% intergranular porosity and <0.1% fracture porosity 
Heterogeneity Strongly fissile along planar shale partings 

 
Billet of medium gray pyritic shale 
Massive dark gray when wet shale.  Pyrite wisps 
along bedding (e.g., arrow).  Light gray blobs are air 
bubbles on sample. 

 
Thin section slide of medium gray pyritic shale 
Fissile, but massive mudstone with pyrite along partings. 
Blue epoxy impregnation indicates <0.1% porosity along 
shale partings.     

Photograph of cut drill core 
of medium gray pyritic 
shale.  Note very planar 
shaley parting.   

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.6 0.7 
Al2O3 16.2 19.9 
SiO2 52.9 65.2 
P2O5 0.1 0.1 
SO2 2.0 2.5 
K2O 3.4 4.2 
CaO 0.2 0.3 
TiO2 0.8 1.0 
FeO 4.4 5.4 
Total 81.2 100.0 

 

 
dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-16-HQ-7 @ 153.8-154.4 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting moderately high organic 
carbon content (yellow and red fragments plus 
rich brown in matrix).   

Quartz silt content (white dots) also moderately 
high for a shale (enough to technically classify 
rock as siltstone). 

Opaque aggregate of pyrite grains (black) near 
top right.  Blue line at top left is epoxy-filled 
parting fracture. 

 

Cross-polarized photomicrograph of same spot 
on slide showing first-order interference 
(gray/white) in most white grains in image above, 
but also abundant blue, red, yellow grains of 
detrital muscovite.   

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light). 

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-16-HQ-7 @ 153.8-154.4 
 

 

Plane-polarized photomicrograph of yellow plant 
leaf organic carbon maceral embedded in muddy 
matrix that is rich in brown kerogen.  Minor red 
grains are also organic carbon.  Equant white 
grains are quartz silt.  Linear white grains are 
detrital muscovite.  

 

Plane-polarized photomicrograph of cluster of 
diagenetic pyrite grains that extend from main 
cluster along shaley foliation.  Red flake 
macerals and brown amorphous kerogen-rich 
mud matrix do not change with proximity to 
pyrite aggregate.  Equant white grains are quartz 
silt.  Blue epoxy-filled fracture at top left. 

 

 

Cross-polarized photomicrograph at very high 
magnification of quartz silt grains (white/gray) 
and 50 μm detrital muscovite flake in illite-clay-
kerogen-rich mud matrix too fine-grained to 
measure with precision. 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-19-HQ-18 @ 148.7-149.5 
 

Macroscopic sample 
description 

Medium gray pyritic shale 
80% gray color dry, 90% gray wet very highly fissile mudstone. 
4 mm average thickness between shale partings with wavy surfaces.  <1 mm equant 
disseminated pyrite and 1 mm hairline pyrite along shaley parting. 
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Variably rounded quartz silt in brown mica-clay mud matrix. Very fine-grained pyrite 
disseminated throughout concentrated mostly in very large aggregates, but also as clusters 
of perfectly spherical microconcretions within open spaces filled with optically-
continuous quartz.  Mm-long lenses of slightly darker clay-rich mud. 

Constituent minerals Quartz 46% 20% as 20-40 μm equant, rounded grains evenly disseminated 
throughout, small portion as optically-continuous anhedral 
“cement” between spherical pyrite concretions, remainder as fine-
grained material in mud matrix. 

Muscovite 35% 60 μm detrital grains with high second-order interference, 
<10 μm highly birefringent component of mud matrix 

Kaolinite 15% <1 μm first-order gray component of mud matrix 
Pyrite 3% <20 μm individual grains forming 500-1000 μm equant and 

bedding-parallel aggregates, two occurrences of perfectly spherical 
<20 μm grains formed in open space voids filled with quartz 

Kerogen 1% amorphous brown material in mud matrix and extremely sparse 
yellow wavy fossil fragments 

Porosity 0% intergranular porosity and <0.1% fracture porosity 
Heterogeneity Very strongly fissile shaley parting 

 
Billet of medium gray pyritic shale 
Pyrite “slips” along shaley parting (e.g., arrow) 

 
Thin section slide of medium gray pyritic shale 
Homogenous fissile mudstone. 
Blue epoxy impregnation indicates <0.1% porosity along 
shaley parting, but no visible intergranular porosity.     

Photograph of cut drill core 
of medium gray pyritic 
shale.  Note wavy shaley 
parting on upper surface.  
Sample breaks very easily 
along shaley parting. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.5 0.6 
Al2O3 15.6 19.4 
SiO2 53.9 66.9 
P2O5 0.1 0.1 
SO2 1.2 1.5 
K2O 3.4 4.2 
CaO 0.2 0.3 
TiO2 0.8 1.0 
FeO 4.3 5.3 
Total 80.5 100.0 

 
 

dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-19-HQ-18 @ 148.7-149.5 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting occurrence of diagenetic 
pyrite (opaque black dots near bottom of image) 
as clusters of very fine cubes and denser clusters 
possibly replacing fossil grains (black near top).  
Subordinate quartz silt (white dots) in clay-mica-
rich mudstone matrix throughout.  Slight 
mottling may be minor bioturbation.   

 

 

Cross-polarized photomicrograph of same spot 
on slide documenting first-order interference 
colors of quartz silt (grays) in mudstone matrix 
with higher-order interference micas 
(brown/yellow) mixed with clay. 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light). 

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-19-HQ-18 @ 148.7-149.5 
 

 

Plane-polarized photomicrograph of linear brown 
clay-rich streak.  Smaller versions of these occur 
throughout the sample.  Black is opaque pyrite.  
Blue is epoxy-filled shaley parting fracture.  

 

Plane-polarized photomicrograph of minor 
occurrence of fossil-shaped organic carbon 
maceral (branching orange) in silt-mud matrix. 
Quartz silt (round white) and detrital muscovite 
(linear white spines) with opaque black pyrite.  
Green grains are fine-grained chlorite. 

 

Cross-polarized photomicrograph at very high 
magnification of detrital muscovite (linear bright 
colors) and quartz silt (round gray grains) in very 
fine-grained clay-illite mixture (brown).   

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-19-HQ-18 @ 148.7-149.5 

 

Plane-polarized photomicrograph of very unusual 
aggregate of spherical pyrite concretions (black) 
formed inside rectangular hole.  White material 
between spheres is quartz that is single, optically-
continuous crystal.   

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-20 HQ-13 @ 138.5-139.1 
 

Macroscopic sample 
description 

Gray shale 
Medium-gray fissile mudstone with irregular breaks spaced 5 mm. 
Scratches easily with steel scribe. No reaction with acid. 

Brief petrographic 
description 

Quartz silt suspended in very pale brown mud matrix.  Hook-shaped, rectangular hoop-
shaped dark red organic carbon macerals plus finer disseminated brownish-red organic 
macerals plus anhedral pyrite. 

Constituent minerals Quartz silt 4% <30 μm equant anhedral grains suspended in mud 
Quartz mud 53% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 13% <1 μm in mud (proportion calculated chemically) 
Muscovite 27% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 2% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite <1% 20 μm equant, disseminated 
Organic 1% <150 μm macerals plus finer-grained in mud matrix 

Porosity 0% observable intergranular porosity and <1% fracture porosity along shaley partings 
Heterogeneity Shaley parting along bedding 

 
Billet of gray shale 
Mudstone with irregular parting along bedding 
highlighted by blue epoxy impregnation.  

 
Thin section slide of gray shale 
Shale parts along irregular surfaces.  1 mm aggregate of 
very fine-grained pyrite near top center. 
Blue epoxy impregnation indicates 0% observable 
intergranular porosity, but detectable fracture porosity. 

Photograph of cut drill core of gray 
shale.  Note irregular topography of 
parting surface. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.5 0.6 
MgO 4.1 5.3 
Al2O3 25.8 33.2 
SiO2 39.7 51.1 
P2O5 0.1 0.2 
SO2 1.6 2.1 
K2O 1.9 2.4 
CaO 0.1 0.2 
TiO2 0.5 0.7 
FeO 3.3 4.3 
Total 77.7 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-20 HQ-13 @ 138.5-139.1 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting relative silt:clay 
proportions, sparse opaque grains (black), and 
bedding 

 

Cross-polarized photomicrograph with gypsum 
plate (540 nm additional retardation) 
documenting of same spot on slide silt grains are 
quartz (blues/yellows). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-20 HQ-13 @ 138.5-139.1 
 

 

Cross-polarized photomicrograph with gypsum 
plate (540 nm additional retardation) detailing 
quartz silt (blues/yellows), hook-shaped opaque 
organic carbon maceral and high order 
interference colors of fine-grained muscovite in 
groundmass. 

 

Cross-polarized photomicrograph with gypsum 
plate (540 nm additional retardation) of small 
quartz silt aggregate – possibly piece of 
sandstone deposited in original mud.  

 

 

Plane-polarized photomicrograph detailing 
organic carbon maceral with “biological” shape.  
Black may be either dense organic carbon phase 
or ultra-fine pyrite (too small to determine 
optically with unpolished sample).  

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-20 HQ-15 @ 148.2-149.5 
 

Macroscopic sample 
description 

Black shale 
Black fissile mudstone with very planar breaks spaced 10 mm. 
Scratches easily with steel scribe. No reaction with acid. 

Brief petrographic 
description: 

Fine-grained mud matrix dark red-brown with fine-grained organic matter suspending 
disseminated quartz silt and larger bright yellow elongate hook-shaped carbon macerals 
(fossil leaf material?) and minor fine-grained pyrite 

Constituent minerals Quartz silt 1% <30 μm equant anhedral grains suspended in mud 
Quartz mud 46% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 11% <1 μm in mud (proportion calculated chemically) 
Muscovite 34% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 2% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite 1% 20 μm equant, disseminated 
Organic 5% 100-200 μm bright yellow, isotropic macerals plus finer-grained 

red-brown matter in mud matrix 
Porosity: 0% observable intergranular porosity and <<1% fracture porosity along shaley partings 
Heterogeneity: Shaley parting along bedding 

 
Billet of black shale 
Homogeneous black mudstone.  Light gray air bubble 
on surface. 

 
Thin section slide of black shale 
Homogeneous black mudstone with notch along shaley 
parting.  Blue epoxy impregnation indicates 0% 
observable intergranular porosity. 

Photograph of cut drill core of black 
shale.  Shaley parting on cut surface 
highlighted by soaking with water, 
then drying face.  Note very planar 
breaks along parting (e.g., top surface). 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.8 
MgO 0.4 0.5 
Al2O3 13.6 17.9 
SiO2 50.1 66.0 
P2O5 0.0 0.1 
SO2 2.6 3.4 
K2O 3.1 4.1 
CaO 0.2 0.3 
TiO2 0.7 0.9 
FeO 4.6 6.1 
Total 75.9 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-20 HQ-15 @ 148.2-149.5 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting very high organic carbon 
content both as reddish-brown mass in mud 
matrix plus as larger yellow loop-shaped 
macerals (fossil leaf matter?).  White quartz silt 
disseminated throughout. 

 

Cross-polarized photomicrograph with gypsum 
plate inserted (540 nm additional retardation) of 
same spot on slide showing isotropic nature of 
organic macerals (red), and quartz composition of 
silt grains (yellow/blue). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-20 HQ-15 @ 148.2-149.5 
 

 

Plane-polarized photomicrograph detailing 
yellow organic carbon macerals in an organic 
carbon-rich mud matrix.  White dots are fine-
grained quartz silt. 

 

Cross-polarized photomicrograph with gypsum 
plate (540 nm additional retardation) of the same 
spot on slide as above documenting isotropic 
nature of organic carbon (red) and quartz silt 
(yellow/blue). 

 

 

Plane-polarized photomicrograph detailing 
interlocking hook shapes of yellow organic 
carbon macerals.  White is quartz silt.  Note red-
brown organic matter darkening the mud matrix 
in which silt and fossil (leaves?) are suspended. 

 
 



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-21-NQ-10 @ 161.9-162.4 

Macroscopic sample 
description 

Black shale 
80% gray color dry, 100% black wet highly fissile shale with bedding 85º to core axis. 
5 mm average thickness between shale partings with planar surfaces. 
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Dark brown organic carbon-rich mudstone with abundant bedding-aligned yellow fossil 
plant macerals, red flake organic carbon macerals, and pervasive brown kerogen 
throughout mud matrix.  Quartz silt homogeneously disseminated throughout.  Trace 
pyrite as isolated equant grains. 

Constituent minerals Quartz 46% 5% as 20 μm equant silt grains suspended in mud matrix, 
remainder as portion of matrix 

Muscovite 40% sparse <120 μm detrital flakes, mostly as fine mud matrix 
Kaolinite 7% <1 μm Al-rich portion of mud matrix indistinct due to kerogen 

staining 
Pyrite <0.5% <50 μm isolated equant disseminated grains visible only by 

engaging condenser lens 
Kerogen 7% 3% as 80-120 μm wavy and loop-shaped yellow plant fossils 

parallel to bedding, 1% as <50 μm red flakes, and 3% as 
amorphous brown material in mud matrix 

Porosity 0% intergranular porosity and <0.1% fracture porosity 
Heterogeneity Very strongly fissile, breaking along planar shaley parting 

Billet of black shale 
Sample so dark that very difficult to distinguish from 
encasing nearly-black blue epoxy.  Gray splotches 
are air bubbles on surface. 

Thin section slide of black shale 
Nearly opaque black shale – no pyrite visible. 
Blue epoxy impregnation indicates 0% porosity.    

Photograph of cut drill core 
of black shale.  Note nearly 
planar shale parting.   

wt% 
norm. 

wt% 
Na2O 0.5 0.8 
MgO 0.2 0.3 
Al2O3 10.9 17.7 
SiO2 39.5 63.9 
P2O5 0.0 0.1 
SO2 2.4 3.9 
K2O 2.9 4.7 
CaO 0.2 0.2 
TiO2 0.6 1.0 
FeO 4.5 7.3 
Total 61.7 100.0 dry wet 



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-21-NQ-10 @ 161.9-162.4 

Plane-polarized photomicrograph of main body 
of sample documenting very high organic content 
making the sample nearly opaque brown.  Yellow 
linear and loop shapes are organic carbon 
macerals after plant material.  Red dots are 
different composition organic macerals.  White 
spots are quartz silt grains.  Blue line is epoxy-
impregnated shale parting fracture. 

Cross-polarized photomicrograph of same spot 
on slide showing slightly anisotropic nature of 
yellow kerogen macerals after plant fossils.  
Bright blues, yellows, and pinks are muscovite 
mica flakes with high birefringence. 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens.
Grayscale compared visually to chart as % black both dry
and wet. Thin section analysis used a Nikon Pol600
polarized light petrographic microscope (both plane- and
cross-polarized light).

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-21-NQ-10 @ 161.9-162.4 

Plane-polarized photomicrograph of three types 
of organic material in this sample: 1) elongate 
yellow squiggly linear and loop-shaped plant 
parts, 2) simpler elongate red macerals, and 3) 
very fine-grained kerogen saturating the 
mudstone matrix.   

White spots are quartz silt grains. 

Plane-polarized photomicrograph detailing 
shapes of three kerogen maceral types. 

White spots are quartz silt grains. 

Plane-polarized photomicrograph at very high 
magnification documenting 20 μm round quartz 
silt (white), 100 μm mica (colorful linears), and 
larger yellow and red kerogen macerals.  



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-22-HQ-5 @ 151.6-152.5 
 

Macroscopic sample 
description 

Medium gray shale 
70% gray color dry, 90% gray wet very highly fissile shale. 
3 mm average thickness between shale partings with wavy surfaces.  Several 1-mm ovoid 
spots on cut surface swell when wet, but most of sample non-absorbent. 
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

200 μm thick sets of siltstone with weakly graded bedding within mica-clay-dominant 
silt-poor shale.  Minor organic material as nearly opaque brown/red angular flakes. 

Constituent minerals Quartz 42% 5% as 20-40 μm detrital silt concentrated in 50-100 μm laminae 
with weakly-developed graded bedding, remainder as fine-grained 
component in mud matrix 

Muscovite 39% 60 μm detrital grains with high second-order interference mostly 
in quartz-silt rich laminae, <10 μm highly birefringent component 
of mud matrix 

Kaolinite 19% <1 μm first-order gray component of mud matrix 
Opaque <0.1% 10 μm disseminated equant opaque mineral – probably pyrite, but 

glass surface prevents reflect light analysis 
Kerogen <1% three 100 μm yellow wavy fossil fragments in slide 

remainder is <10 μm angular to equant brown fragments  
Chlorite <1% 10 μm green flakes 

Porosity 0% intergranular porosity and <0.1% fracture porosity along parting 
Heterogeneity Very highly fissile shaley parting 

 
Billet of medium gray shale 
Highly fissile shale with epoxy impregnating parting 
fractures.  Light brown spots (e.g., arrow) are equant 
zones that absorbed water anomalously. 

 
Thin section slide of medium gray shale 
Thin white quartz silt-rich beds (e.g., arrow) in quartz-
silt-poor strongly laminated shale 
Blue epoxy impregnation indicates <0.1% porosity along 
shaley parting.     

Photograph of cut drill core 
of medium gray shale. 
Note very wavy shaley 
parting surface. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.5 0.7 
Al2O3 17.0 21.7 
SiO2 50.3 64.2 
P2O5 0.1 0.1 
SO2 0.4 0.5 
K2O 3.5 4.5 
CaO 0.2 0.3 
TiO2 0.8 1.0 
FeO 4.9 6.3 
Total 78.4 100.0 

 

 
dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-22-HQ-5 @ 151.6-152.5 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting graded bedding in quartz 
silt layers (white granular), presence of opaque 
pyrite (black), and subparallel shaley parting 
(continuous white lines). Clay-mica-rich muds 
are brown in this illumination.  

 

 

Cross-polarized photomicrograph of same spot 
on slide documenting first-order gray interference 
of quartz silt (i.e., not carbonate), and higher 
order interference of micas in main mud matrix.  
Open space parting on shale is black in this 
illumination because air/epoxy is isotropic.  

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light). 

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-22-HQ-5 @ 151.6-152.5 
 

 

Cross-polarized photomicrograph of gradational 
boundary between silt-richer bed (upper right 
half) within predominantly clay-mica-rich 
mudstone (lower left half). 

 

Cross-polarized photomicrograph of quartz-rich 
silt bed (grays) with opaque black pyrite grains 
within main body of clay-mica-rich mudstone.  
Blue line near top of image is epoxy-filled 
fracture. 

 

 

Cross-polarized photomicrograph at very high 
magnification of main mudstone matrix 
documenting abundance of high birefringence 
micas (browns/yellows/reds/greens) intermixed 
with low birefringence clays and quartz (gray). 

 
 



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-23-HQ-11 @ 156.6-157.0 

Macroscopic sample 
description 

Massive gray siltstone 
Isotropic, homogeneous light gray siltstone lacking any bedding or other foliation 
textures. Broken surfaces display joint plume asperities.   
Scratches easily with steel. Very faintly magnetic. No reaction with acid. 

Brief petrographic 
description: 

Dense, isotropic, homogeneous matrix of sub-micron clay minerals suspending poorly-
sorted, rounded quartz silt grains.  Minor disseminated very fine-grained equant opaque 
grains locally cluster in 20 μm aggregates possibly magnetite. 

Constituent minerals clay 89% < 1 μm includes intimately intermixed illite (green with second-order 
birefringence) > chlorite (green with brown extinction) > subordinate 
kaolinite (low birefringence light brown) 

quartz 10% 10-40 μm anhedral, rounded silt grains with pitted surfaces 
disseminated throughout mud matrix  

opaque 1% < 1 μm grains disseminated sparsely throughout mud matrix, locally 
as 20 μm aggregates.  Very faint pull of Nd swivel magnet suggests 
micron-scale detrital magnetite rather than pyrite.  Iron, but low 
sulfur in chemical analysis supports this.  Some opaque grains have 
slightly translucent red rims suggesting clastic jasper chert silt (?) 

Porosity: 0% intergranular porosity and 0% fracture porosity 
Heterogeneity: none 

Billet of massive gray siltstone 
Siltstone lacks bedding or other macroscopic 
sedimentary textures (e.g., no bioturbation). 

Thin section slide of massive gray siltstone 
Featureless isotropic and homogeneous siltstone. 
Blue epoxy impregnation indicates 0% porosity.    

wt% 
norm. 

wt% 
Na2O 0.4 0.5 
MgO 2.0 2.4 
Al2O3 11.1 13.4 
SiO2 49.9 60.2 
P2O5 0.1 0.2 
SO2 0.5 0.6 
K2O 2.0 2.4 
CaO 0.9 1.1 
TiO2 0.7 0.9 
FeO* 15.2 18.4 
Total 83.0 100.0 

Oblique view of massive gray siltstone 
Planar surface is saw cut.  Rock appears isotropic 
and homogeneous (i.e., massive). 

* iron content in analysis is suspect



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-23-HQ-11 @ 156.6-157.0 

Plane-polarized photomicrograph of main body 
of sample showing homogenous quartz silt 
(white) and opaque (black = magnetite?) in mud 
matrix that completely lacks bedding. 

Cross-polarized photomicrograph with gypsum 
plate inserted of same spot on slide verifying 
white grains above (blue/yellow in this 
illumination) are quartz.   

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand
lens.

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability. 

Because pelitic rocks (i.e., rocks originating as mud, 
including shales, slates, phyllites, and schists) contain 
multiple mineral phases composed of the same primary 
elements (K, Al, and Si) in varying proportions, bulk 
chemical data from XRF cannot be used to objectively 
estimate the proportions of micas, aluminosilicates, and 
feldspars.  Relative proportions of minerals were 
therefore determined by visual comparison with 
standardized estimation charts.



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-23-HQ-11 @ 156.6-157.0 

Plane-polarized photomicrograph at high 
magnification showing green color of illite 
(green) portion of mud between 20 μm quartz silt 
grains (white).  Embayments on the outline of the 
15 μm opaque grain (black lower right) suggest it 
is an aggregate of <1 μm grains – either 
framboidal pyrite or magnetite. 

Plane-polarized photomicrograph at low 
magnification showing minor local 
heterogeneities due to bioturbation (arrow), but 
overall very homogeneous sample in terms of 
mineralogy, grain size, and grain orientation. 

Cross-polarized photomicrograph with gypsum 
plate (540 nm additional retardation) at low 
magnification showing faint variations of quartz 
silt:clay content, most likely due to bioturbation. 



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-23-HQ-13 @ 171.2-171.6 

Macroscopic sample 
description 

Black shale 
Distinctly fissile black mudstone, parting on imperfectly-flat surfaces (shale, not slate).  
Reflections off detrital sub-millimeter mica flakes on bedding planes perpendicular to 
core axis. No other macroscopically-identifiable minerals or textures. 
Scratches easily with steel. Non-magnetic. No reaction with acid. 

Brief petrographic 
description: 

Reddish-brown organic carbon-rich mud matrix of clay and kerogen supporting sparsely-
disseminated quartz silt, isolated anhedral opaque pyrite grains, and detrital muscovite 
flakes.  200 μm concentric circular amorphous yellow carbon fossils throughout. 

Constituent minerals clay 92% nanometer-scale (submicroscopic) reddish-brown matrix material 
that behaves isotropically because grains too small to distinguish 
and random orientation of grains cancel optics from one another 

kerogen 6% <200 μm amorphous nearly opaque, dark reddish-brown equant- to 
elongate, irregular shapes and spines after fossil plant fragments 
plus 200 μm consistent size, circular amorphous yellow fossil 
grains with weak concentric layers 

quartz 1% <20 μm rounded silt grains disseminated throughout mud matrix 
pyrite 1% <20 μm equant anhedral opaque grains disseminated sparsely 

throughout mud matrix  
muscovite <0.5% 20 μm detrital grains randomly disseminated 

Porosity: 0% intergranular porosity and 0 % fracture porosity 
Heterogeneity: strong, imperfectly-flat shaley parting along bedding 

Billet of black shale 
Featureless mudstone cut parallel to bedding. 
Gray splotches in image are air bubbles on wetted 
surface.  White specks are mica reflections. 

Thin section slide of black shale 
Dense, homogeneous, isotropic black mudstone cut 
parallel to bedding. 
Blue epoxy impregnation indicates 0% porosity.     

Oblique view of black shale core sample 
Note strong parting on bedding perpendicular to core 
axis.  Sweeping lines on cut surface are saw marks. 

wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.7 0.9 
Al2O3 15.4 17.9 
SiO2 55.7 65.0 
P2O5 0.1 0.1 
SO2 3.8 4.5 
K2O 3.8 4.4 
CaO 0.3 0.3 
TiO2 0.8 0.9 
FeO 4.6 5.3 
Total 85.7 100.0 



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-23-HQ-13 @ 171.2-171.6 

Plane-polarized photomicrograph of main body 
of sample sparsity of quartz silt (white) in matrix 
of clay + organic carbon (kerogen) macerals.  
Slide cut approximately parallel to bedding.  
Circular yellow features are unidentified fossil 
grains (?) 

Cross-polarized photomicrograph with gypsum 
plate inserted of same spot on slide identifying 
bright specks as quartz silt (yellows/blues) and 
documenting isotropic nature of yellow circular 
fossil features (i.e., non-crystalline). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand
lens.

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability. 

Because pelitic rocks (i.e., rocks originating as mud, 
including shales, slates, phyllites, and schists) contain 
multiple mineral phases composed of the same primary 
elements (K, Al, and Si) in varying proportions, bulk 
chemical data from XRF cannot be used to objectively 
estimate the proportions of micas, aluminosilicates, and 
feldspars.  Relative proportions of minerals were 
therefore determined by visual comparison with 
standardized estimation charts.



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-23-HQ-13 @ 171.2-171.6 

Plane-polarized photomicrograph at high 
magnification of circular fossil features.  Note 
slight concentricity of yellow fossil indicated by 
arrow.  White grains are quartz silt.  Opaque 
(black) grains are organic carbon macerals.  

Plane-polarized photomicrograph showing 
abundance and consistent size of circular yellow 
fossil grains, paucity of quartz silt (white), and 
occurrence of elongate, irregular, and spine-
shaped organic carbon macerals (black) 
suggestive of plant fossil fragments. 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-24-HQ-16 @ 165.1-165.6 
 

Macroscopic sample 
description 

Dark gray weakly pyritic shale 
70% gray color dry, 95% gray wet highly fissile shale with 2 mm average thickness 
between partings along wavy surfaces.  <1 mm pyrite slips elongate along bedding.  
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Homogenous distribution of equant, irregularly-shaped relatively sparse quartz silt in 
dark brown mica-clay mud matrix. Organic carbon as red flakes and amorphous brown 
kerogen in matrix. Spherical microconcretions of pyrite cluster in some voids with 
optically-continuous quartz infilling, but most pyrite is mm-scale clusters of fine-grained 
pyrite grains.  Several loop-shaped fossils replaced by fine-grained mineral (clay?).  
Possible insect wing fossils. 

Constituent minerals Quartz 43% 7% as 20-40 μm equant, rounded silt grains evenly distributed 
throughout mud matrix, remainder as very fine-grained component 
of mud matrix. 

Muscovite 37% <80 μm detrital grains with high second-order interference, 
<10 μm highly birefringent component of mud matrix 

Kaolinite 15% <1 μm first-order gray component of mud matrix 
Pyrite 2% <50 μm grains forming 100-1,000 μm massive aggregates with 

gradational boundaries. Seven occurrences of perfectly spherical 
<20 μm grains formed in open space voids filled with optically-
continuous quartz (distinct from common aggregates). 

Kerogen 3% amorphous brown in mud matrix, 0.5% as red flake fossils 
Porosity 0% intergranular porosity and <0.1% fracture porosity 
Heterogeneity strong shaley parting along very wavy surfaces 

 
Billet of dark gray weakly pyritic shale 
Sample nearly as dark as epoxy.   

 
Thin section slide of dark gray weakly pyritic shale 
Nearly opaque with organic material. Note wavy shaley 
parting. Blue epoxy impregnation indicates 0% porosity.     

Photograph of cut drill core 
of dark gray weakly pyritic 
shale.  Note very wavy, 
irregular shape of parting 
surface (top). 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.4 0.5 
Al2O3 15.4 20.1 
SiO2 49.3 64.4 
P2O5 0.0 0.1 
SO2 1.9 2.4 
K2O 3.5 4.5 
CaO 0.3 0.4 
TiO2 0.8 1.0 
FeO 4.4 5.7 
Total 76.6 100.0 

 
 

dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-24-HQ-16 @ 165.1-165.6 
 

 

Plane-polarized photomicrograph of main body 
of sample showing occurrence of long red 
organic carbon macerals (e.g., arrow), and even 
distribution of quartz silt (white) in mica-clay 
mud matrix. 

Blue line near bottom is epoxy-impregnated shale 
parting fracture. 

 

 

Cross-polarized photomicrograph of same spot 
on slide documenting isotropic nature of red 
organic carbon macerals, first-order gray 
interference of equant grains of quartz silt, and 
occurrence of brightly-colored (highly 
birefringent) detrital muscovite flakes (e.g., 
yellow arrow).  Note that loop-shaped fossil is 
filled with low-birefringence anisotropic mineral 
(pink arrow) – either extremely fine-grained 
quartz or kaolinite. 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light). 

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-24-HQ-16 @ 165.1-165.6 
 

 

Plane-polarized photomicrograph of cluster of 
large fossil fragments with webbed internal 
structure and thick reinforcing outer rims – 
(leaves? Insect wings?)   

More common organic carbon macerals occur as 
wavy sometimes branching/looping grains (upper 
left) or red flakes (e.g., top center).  White grains 
are quartz silt and black isolated grains 
disseminated pyrite (opaque).  

 

Plane -polarized photomicrograph detailing 
quartz silt (equant white), detrital mica (white 
slivers), organic carbon macerals (red and nearly 
opaque brown), and mica-clay-rich matrix.   

Note flattened loop-shaped fossil in upper right 
which is similar in shape to many yellow kerogen 
macerals.  Compare with image below.  

 

 

Cross-polarized photomicrograph of same spot 
on slide showing high birefringence colors of 
micas in mud matrix, red internal reflections in 
red carbon macerals, bright primary interference 
colors of detrital muscovite, and infilling of loop-
shaped fossil fragment in upper right by very 
fine-grained low-birefringence mineral (quartz or 
clay).  

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-27 NQ-17 @ 166.7-167.3 
 

Macroscopic sample 
description 

Olive siltstone 
Olive green/brown massive siltstone with non-fissile 2-mm thick laminae.  1-3 mm ovoid 
chips of darker mud with elongate axis parallel to presumed bedding. 
Scratches easily with steel scribe. No reaction with acid. 

Brief petrographic 
description 

Massive mudstone lacking distinct internal lamination containing quartz silt and 
branching root-like fossil material suspended in pale brown mud.  Very fine-grained 
pyrite disseminated throughout.  

Constituent minerals Quartz silt 4% <30 μm equant, concentrations relative to mud vary spatially 
Quartz mud 53% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 13% <1 μm in mud (proportion calculated chemically) 
Muscovite 22% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 4% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite 3% 20 μm equant, disseminated 
Organic 1% 200-1,000 μm pale-brown branching macerals with very high 

aspect ratio (plant roots?) plus finer-grained red flakes in mud 
matrix 

Porosity 0% observable intergranular porosity and 0% fracture porosity  
Heterogeneity none 

 
Billet of olive siltstone 
Massive olive brown siltstone with isolated 2-mm 
lensoidal dark brown mud clasts 

 
Thin section slide of olive siltstone 
Isolated 2-mm lensoidal dark brown mud clasts (arrow) 
in massive siltstone.  Blue epoxy impregnation indicates 
0% observable porosity.     

Photograph of cut drill core of olive 
siltstone.  Sample lacks shaley parting 
(top and bottom surfaces cut by rock 
saw).  Bedding discontinuous/lens-
shaped. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 1.2 1.5 
Al2O3 11.0 13.3 
SiO2 52.8 63.7 
P2O5 0.1 0.1 
SO2 1.0 1.2 
K2O 2.1 2.5 
CaO 0.6 0.8 
TiO2 0.7 0.9 
FeO 12.8 15.5 
Total 82.9 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-27 NQ-17 @ 166.7-167.3 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting relatively high content of 
evenly-disseminated fine-grained opaque pyrite 
(black) in light-colored mud organic carbon-poor 
matrix.  White quartz silt grains locally vary in 
concentration – possible bioturbation.   Long 
white/yellow grains are fossil matter. 

 

Cross-polarized photomicrograph with gypsum 
plate inserted (540 nm additional retardation) of 
same spot on slide documenting quartz 
composition of silt (yellow/blue), isotropic nature 
of long fossil matter (red), and variations in ultra-
fine quartz:clay proportions in mud matrix (clay-
rich has increased opacity and less quartz silt).  

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-27 NQ-17 @ 166.7-167.3 
 

 

Plane-polarized photomicrograph at high 
magnification of branching fossil.  White quartz 
silt and black opaque pyrite disseminated 
throughout.   Note very dark red flakes of organic 
carbon also present throughout.  

 

Cross-polarized photomicrograph with gypsum 
plate (540 nm additional retardation) 
documenting mineralogy of quartz silt 
(yellow/blue), and pink extinct nature of isotropic 
branching fossil fragment. 

 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-27 NQ-17 @ 173.1-173.7 
 

Macroscopic sample 
description 

Black shale 
Black fissile mudstone with irregular breaks spaced 4 mm.   Reflections of very fine-
grained muscovite/illite on bedding surfaces.  Very minor fine-grained pyrite along 
parting.   Scratches easily with steel scribe. No reaction with acid. 

Brief petrographic 
description: 

Dark brown organic-carbon-rich mud matrix suspending disseminated quartz silt.  Mud 
matrix has sparse disseminated fine-grained pyrite concentrating as thin aggregates along 
bedding.  Organic carbon also as bright yellow sinusoidal elongate macerals (plant 
fossils?) 

Constituent minerals Quartz silt 5% <30 μm equant anhedral grains suspended in mud 
Quartz mud 43% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 13% <1 μm in mud (proportion calculated chemically) 
Muscovite 32% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 1% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite 1% 20 μm equant, disseminated 
Organic 4% <200-μm-long, bright yellow, elongate, sinusoidal macerals with 

rounded ends plus finer-grained red matter in mud matrix 
Porosity: 0% observable intergranular porosity and <<1% fracture porosity along shaley partings 
Heterogeneity: Shaley parting along bedding 

 
Billet of black shale 
Homogeneous black mudstone with very fine-grained 
pyrite along some shaley partings 

 
Thin section slide of black shale 
Very fine-grained pyrite disseminated and along shaley 
parting. Blue epoxy impregnation indicates 0% 
observable intergranular porosity.     

Photograph of cut drill core of black 
shale. Shaley parting on cut surface 
highlighted by soaking with water, 
then drying face.  Note irregular wavy 
breaks along bedding seen in parting 
and topography of top of sample 
broken along shaley parting  
(i.e., not perfectly planar). 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.5 0.7 
MgO 0.4 0.5 
Al2O3 14.7 19.1 
SiO2 51.3 66.6 
P2O5 0.1 0.1 
SO2 1.6 2.1 
K2O 3.2 4.1 
CaO 0.1 0.2 
TiO2 0.8 1.0 
FeO 4.2 5.5 
Total 77.0 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-27 NQ-17 @ 173.1-173.7 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting silt content (white) 
varying to define bedding, occurrence of bright 
yellow organic macerals (e.g., bottom center), 
and disseminated fine grained pyrite (black) 
throughout.  Note concentrations of pyrite as 
100-200 μm aggregates near bottom left edge of 
image.  Blue line near bottom of image is epoxy-
filled parting fracture. 

 

 

Cross-polarized photomicrograph with gypsum 
plate inserted (540 nm additional retardation) of 
same spot on slide documenting quartz 
composition of silt (yellow/blue) and isotropic 
nature of organic carbon macerals (red/pink). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-27 NQ-17 @ 173.1-173.7 
 

 

Plane-polarized photomicrograph at high 
magnification detailing angular nature of quartz 
silt, organic carbon-rich dark mud matrix, and 
occurrence of bright yellow, sinusoidal, looped 
organic carbon macerals (plant fossil?) 

 

Cross-polarized photomicrograph with gypsum 
plate (540 nm additional retardation) of same 
spot documenting quartz silt (yellow/blue) and 
isotropic nature of organic carbon macerals.  
Large bright yellow maceral not completely 
isotropic (contains yellow, blue, green 
interference colors near ends) which may be 
quartz silt behind maceral grain. 

 

Plane-polarized photomicrograph at high 
magnification detailing typical shape of yellow 
organic carbon maceral.  Maceral is roughly 200 
μm (0.008 inches) long.  For comparison, human 
hair is generally 20-180 μm wide, so this maceral 
grain is as long as human hair is wide! 

 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-29 NQ-18 @ 168.0-169.0 
 

Macroscopic sample 
description 

Dark gray shale  
Dark gray fissile mudstone with irregular breaks spaced 4 mm.  Very fine-grained pyrite 
along parting.  Scratches easily with steel scribe. No reaction with acid. 

Brief petrographic 
description 

Organic carbon-rich mud matrix suspending rounded quartz silt, disseminated fine-
grained pyrite that locally clumps to form larger aggregates, and larger sinusoidal yellow 
organic carbon macerals (fossil plant material?) 

Constituent minerals Quartz silt 5% <30 μm 
Quartz mud 44% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 14% <1 μm in mud (proportion calculated chemically) 
Muscovite 31% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 2% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite 1% 20 μm equant, disseminated throughout and locally concentrated as 

>200 μm aggregates 
Organic 4% 300-μm-long, bright yellow, elongate, sinusoidal macerals with 

rounded ends plus finer-grained red matter in mud matrix 
Porosity 0% observable intergranular porosity and <<1% fracture porosity along shaley partings 
Heterogeneity Shaley parting along bedding 

 
Billet of dark gray shale 
Homogeneous mudstone with very fine-grained 
pyrite (light spots) disseminated and along bedding. 

 
Thin section slide of dark gray shale 
Very fine-grained pyrite disseminated throughout.  
Blue epoxy impregnation indicates 0% observable 
intergranular porosity.     

Photograph of cut drill core of dark 
gray shale.  Shaley parting on cut 
surface highlighted by soaking with 
water, then drying face.  Parting is 
nearly planar.  Top and bottom of 
sample are flat where cut by rock saw 
(i.e., not shaley parting). 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.5 0.6 
Al2O3 14.6 18.6 
SiO2 52.3 66.5 
P2O5 0.1 0.1 
SO2 2.1 2.7 
K2O 3.1 3.9 
CaO 0.2 0.2 
TiO2 0.7 0.9 
FeO 4.6 5.8 
Total 78.6 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-29 NQ-18 @ 168.0-169.0 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting even dissemination of 
quartz silt (white), high brown organic carbon 
content of mud matrix, occurrence of elongate, 
bright yellow organic carbon macerals, and 
friable nature of sample (highlighted by blue 
epoxy impregnating fractures both along bedding 
and cross-cutting bedding).  

 

 

Cross-polarized photomicrograph with gypsum 
plate inserted (540 nm additional retardation) of 
same spot on slide documenting silt is quartz 
(yellow/blue), and organic carbon macerals are 
isotropic (red). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-29 NQ-18 @ 168.0-169.0 
 

pf

 

Plane-polarized photomicrograph at high 
magnification of a white variation of the fossil 
material.  Sample is isotropic (black in cross-
polarized light, pink with gypsum plate inserted) 
and may be a typical yellow maceral plucked out 
of sample during thin section grinding leaving a 
hole of the characteristic shape.  Traces of yellow 
material along the edges of the white zone 
support this hypothesis. 

Equant white grains are quartz silt. 

 

Plane-polarized photomicrograph at high 
magnification with condenser lens engaged for 
maximum brightness documenting tendency for 
very fine-grained pyrite grains to form larger 
aggregates.  Red organic carbon macerals 
normally opaque in appearance under normal 
lighting intensities. 

 

 

Plane-polarized photomicrograph detailing quartz 
silt grain size and slightly elongate rounded 
shape.  

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-31 HQ-19 @ 173.0-174.3 
 

Macroscopic sample 
description 

Dark gray shale 
Dark gray, fissile mudstone with irregular breaks spaced 8 mm. 
Scratches easily with steel scribe. No reaction with acid. 

Brief petrographic 
description 

Organic carbon-rich mud matrix suspending rounded quartz silt and very abundant larger 
carbon macerals of two varieties: bright yellow elongate sinusoidal (plant fossils?) and 
dark red oval grains (other plant fossils?).  Trace disseminated fine-grained pyrite. 

Constituent minerals Quartz silt 5% <30 μm 
Quartz mud 38% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 18% <1 μm in mud (proportion calculated chemically) 
Muscovite 32% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 1% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite 1% 20 μm equant, disseminated 
Organic 5% 200-250-μm-long, bright yellow, elongate, sinusoidal macerals 

with rounded ends plus <300 μm ovoid dark red macerals plus 
finer-grained red/brown material in mud matrix 

Porosity 0% observable intergranular porosity and <<1% fracture porosity along shaley partings 
Heterogeneity Shaley parting along bedding 

 
Billet of dark gray shale 
Homogeneous mudstone.  Gray patches are air 
bubbles on sample surface. 

 
Thin section slide of dark gray shale 
Homogeneous dark mudstone. Blue epoxy impregnation 
indicates 0% observable intergranular porosity.     

Photograph of cut drill core of dark 
gray shale.  Shaley parting on cut 
surface highlighted by soaking with 
water, then drying face.  Parting is 
nearly planar with only minor 
undulations.   

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.4 0.5 
Al2O3 16.2 20.3 
SiO2 49.1 61.6 
P2O5 0.0 0.1 
SO2 3.9 4.9 
K2O 3.2 4.0 
CaO 0.0 0.0 
TiO2 0.6 0.8 
FeO 5.6 7.1 
Total 79.6 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-31 HQ-19 @ 173.0-174.3 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting high organic carbon 
content both as reddish-brown mass in mud 
matrix and as abundant elongate bright yellow 
macerals.  Abundant quartz silt (white), plus 
sparse disseminated very fine-grained pyrite 
throughout (black). 

 

Cross-polarized photomicrograph with gypsum 
plate inserted (540 nm additional retardation) of 
same spot on slide documenting silt grains are 
quartz (yellow/blue) and organic carbon macerals 
are isotropic (red). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-31 HQ-19 @ 173.0-174.3 
 

 

Plane-polarized photomicrograph at higher 
magnification showing parallel-aligned, 
consistent-size, bright yellow, highly-elongate, 
hoop-shaped organic carbon macerals (plant 
fossils?) and white quartz silt grains.  Red in 
matrix due to different form of organic carbon. 

 

Plane-polarized photomicrograph detailing shape 
of bright yellow organic carbon maceral with 
branching shape.  White grain is quartz silt grain 
(0.001 inches diameter). 

 

 

Plane-polarized photomicrograph comparing 
bright yellow macerals with red carbon macerals.  
White grains are quartz silt. 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-33 NQ-18 @ 179.2-180.1 
 

Macroscopic sample 
description 

Pyritiferous shale  
Black fissile mudstone with irregular breaks spaced 3 mm.  Very fine-grained pyrite 
forming mm-thick concretion along parting. Scratches easily with steel scribe.  
No reaction with acid. 

Brief petrographic 
description 

Organic carbon-rich mud matrix suspending very sparse quartz silt and abundant bright-
yellow elongate sinusoidal (plant fossils?).  Disseminated fine-grained pyrite in mud and 
as large aggregates of fine-grained pyrite with gradational boundaries transitioning to 
overlying/underlying mudstone. 

Constituent minerals Quartz silt 1% <30 μm equant 
Quartz mud 38% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 19% <1 μm in mud (proportion calculated chemically) 
Muscovite 33% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 2% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite 2% 20 μm equant, disseminated throughout mud matrix and forming 

very large massive aggregates of small crystals.  Massive 
aggregates have gradational transitions with underlying mudstone. 

Organic 4% 200-250-μm-long, bright yellow, elongate, sinusoidal macerals 
with rounded ends plus <300 μm ovoid dark red macerals plus 
finer-grained red/brown material in mud matrix 

Porosity 0% observable intergranular porosity and <<1% fracture porosity along shaley partings 
Heterogeneity Shaley parting along bedding with pyrite concretions 

 
Billet of pyritiferous shale 
Light pinch/swell layer is concretionary aggregate of 
very fine-grained pyrite. 

 
Thin section slide of pyritiferous shale 
Shaley parting highlighted by blue epoxy. 
Blue epoxy impregnation indicates 0% macroscopic 
intergranular porosity.     

Photograph of cut drill core of 
pyritiferous shale.  Note high fissility 
with irregular/non-planar parting, and 
concentration of pyrite along some 
partings (arrow). 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.8 
MgO 0.5 0.6 
Al2O3 16.0 19.9 
SiO2 47.4 59.3 
P2O5 0.1 0.1 
SO2 5.6 7.0 
K2O 3.1 3.9 
CaO 0.1 0.1 
TiO2 0.6 0.8 
FeO 6.1 7.6 
Total 80.0 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-33 NQ-18 @ 179.2-180.1 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting low quartz silt content 
(white), high disseminated opaque pyrite (black), 
and moderately high abundance of parallel, bright 
yellow organic carbon macerals in carbon-rich 
mud matrix. 

 

 

Cross-polarized photomicrograph with gypsum 
plate inserted (540 nm additional retardation) of 
same spot on slide documenting silt is quartz 
(yellow/blue) and carbon macerals are isotropic. 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-33 NQ-18 @ 179.2-180.1 
 

 

Plane-polarized photomicrograph detailing 
enclosed shapes of yellow organic carbon 
macerals, presence of red variety of organic 
carbon, and sparseness of quartz silt grains.  
Black opaque grains are pyrite. 

 

Plane-polarized photomicrograph at very high 
magnification with condenser lens engaged for 
maximum brightness to distinguish between truly 
opaque (black) pyrite and nearly-opaque organic 
carbon macerals (reddish brown). 

 

 

Plane-polarized photomicrograph of the edge of 
one of the large lensoidal pyrite aggregates along 
bedding.  Note how pyrite aggregate is 
gradational from nearly pure pyrite (top right) to 
progressively less pyrite with increasing mud 
matrix toward the lower left (into underlying 
shale layer). 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-38-HQ-12 @ 107.1-107.9 
 

Macroscopic sample 
description 

Maroon siltstone 
Very friable maroon red siltstone that swells quickly upon wetting.  Sample parts along 
bedding to form chips, but in inconsistent, non-planar way.  Nonmagnetic. Scratches 
easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Chaotic maroon hematite-rich clay-mica mud suspending sparse angular quartz silt.  
Trace green chlorite disseminated throughout.  

Constituent minerals Quartz 40% 3% 40 μm highly angular quartz silt grains, remainder as <5 μm 
silt component of mud matrix 

Muscovite 38% 1% <20 μm detrital grains, with remainder as very fine-grained 
high birefringence component of mud matrix 

Kaolinite 20% <1 μm indistinct due to heavy hematite staining, estimated based 
on XRF chemical analysis 

Hematite 2% <<1 μm pigment giving sample deep maroon color and observed 
as high iron content in XRF analysis without accompanying high 
sulfur analysis. 

Chlorite <<0.1% 5-10 μm bright green flakes with brown interference colors 
Porosity 0% intergranular porosity and 4% fracture porosity 
Heterogeneity Weak shaley parting, but highly friable and swells when wet 

 
Billet of maroon siltstone 
Very friable and swells quickly when wetted, 
forming red mud paste. 

 
Thin section slide of maroon siltstone 
Homogeneous with weakly-developed bedding. 
Blue epoxy impregnation indicates high fracture 
porosity.     

Photograph of cut drill core of 
maroon siltstone.  Sample is 
extremely friable.  Sample 
swells when wet, popping out 
of epoxy block (see below).  

  
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.8 0.9 
Al2O3 18.7 22.1 
SiO2 52.1 61.6 
P2O5 0.1 0.1 
SO2 0.8 0.9 
K2O 3.8 4.5 
CaO 0.7 0.9 
TiO2 0.9 1.1 
FeO 6.0 7.1 
Total 84.6 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-38-HQ-12 @ 107.1-107.9 
 

 

Plane-polarized photomicrograph of main body 
of sample showing lack of consistent lamination 
in massive mud-supported siltstone.  Blue epoxy 
impregnates fractures.  Small white grains in red 
hematite-rich mud matrix are quartz silt.  Arrow 
indicates round quartz silt-rich grain with 
distinctly more quartz-rich composition (i.e., not 
reduction spot, rather is polycrystalline grain). 

 

Cross-polarized photomicrograph of same spot 
on slide showing high birefringence of micas in 
mud matrix (very tiny yellow flakes) and quartz-
rich composition of oval spot.   

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-38-HQ-12 @ 107.1-107.9 
 

 

Cross-polarized photomicrograph of very faintly-
developed cross laminations (upper third of 
image with beds sloping down to right).  

 

Plane-polarized photomicrograph at high 
magnification of quartz silt (sharply-bounded 
white grains), bright green chlorite grains (e.g., 
arrow), and unknown opaque cubes (black).   

 

Cross-polarized photomicrograph of same spot 
on slide showing angular nature of quartz silt 
grains (white).  Note that white spots in image 
above are lined with fine-grained low-
birefringence clay (e.g., arrow).  

 
 



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-39-HQ-6 @ 154.6-155.5 

Macroscopic sample 
description 

Light gray siltstone 
Massive light gray (40 gray color dry, 60% gray wet) fine-grained siltstone lacking 
lamination or fissile shale partings. Nonmagnetic. Scratches easily with steel scribe. No 
visible reaction with acid. 

Brief petrographic 
description 

Bimodal grain size of sparse coarse quartz silt suspended in extremely fine-grained quartz 
silt-dominated matrix with subordinate mica/clay mud. Trace disseminated very fine-
grained pyrite.  Fossil plant material as kerogen. Possible dolomite replacement (?) of one 
fossil or primary carbonate bivalve fossil. 

Constituent minerals Quartz 57% 3% 10-50 μm angular coarser silt suspended in remainder as <5 
μm matrix material  

Muscovite 25% <1% 20 μm green detrital flakes with high birefringence, 
remainder as subordinate high-birefringence component of matrix 

Kaolinite 17% <1 μm first-order gray component of mud matrix 
Pyrite <0.1% <5 μm isolated anhedral opaque grains disseminated without 

clustering  
Dolomite <0.1% <5 μm extremely high birefringence “pseudo-fibrous” mineral of 

which large fossil fragments consist 
Kerogen <0.1% amorphous dark brown fossil material 

Porosity 0% intergranular porosity and 0% fracture porosity 
Heterogeneity none 

Billet of light gray siltstone 
Massive siltstone without well-defined laminations. 

Thin section slide of light gray siltstone 
Slight grain size variation defines bedding (arrow) 
Blue epoxy impregnation indicates 0% porosity.     

Photograph of cut drill core 
of light gray siltstone.  
Bedding defined by single 
parting and slight color 
differences, but lacks 
distinct laminations or 
parting.  Top surface flat due 
to saw cut. 

wt% 
norm. 

wt% 
Na2O 0.5 0.6 
MgO 1.9 2.2 
Al2O3 12.0 14.1 
SiO2 54.2 63.7 
P2O5 0.1 0.1 
SO2 0.4 0.4 
K2O 2.2 2.6 
CaO 0.7 0.8 
TiO2 0.7 0.9 
FeO 12.5 14.6 
Total 85.2 100.0 

dry wet 



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-39-HQ-6 @ 154.6-155.5 

Plane-polarized photomicrograph of main body 
of sample with large and several smaller fossils.  
Note that although fossils have high aspect ratio, 
they not all aligned, suggesting rapid deposition.  
Very fine-grained disseminated black grains are 
opaques (yellow metallic luster in slide observed 
with hand lens suggests pyrite).   

Cross-polarized photomicrograph of same spot 
on slide showing fossil material is anisotropic 
(extremely high birefringence suggests ultrafine-
grained carbonate?)  Note abundance of first-
order gray very fine-grained quartz silt (gray) 
relative to high-birefringence micas. 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens.
Grayscale compared visually to chart as % black both dry
and wet. Thin section analysis used a Nikon Pol600
polarized light petrographic microscope (both plane- and
cross-polarized light).

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-39-HQ-6 @ 154.6-155.5 

Cross-polarized photomicrograph with gypsum 
plate (540 nm additional retardation) detail of 
large fossil showing extremely high-order 
interference colors of fossil material (carbonate? 
Sample does not react with acid, so dolomite?). 

Quartz silt appears bright blue or yellow in this 
illumination.  Black grains are opaque pyrite.  
Long green flakes are detrital muscovite and 
matrix between quartz silt composed of mixture 
of highly birefringent micas plus minor clay. 

Plane-polarized photomicrograph of fossil 
fragment composed of amorphous organic carbon 
(kerogen).  Quartz silt (equant white), detrital 
muscovite (white splinters), fine-grained 
micaceous-clay matrix (gray-green), and 
disseminated very fined-grained pyrite 
throughout.  Blue line is epoxy-filled fracture. 

Cross-polarized photomicrograph of variety of 
organic carbon fossils suspended in very fine-
grained quartz silt with subordinate mica in 
matrix.  



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-39-HQ-7 @ 158.7-159.5 
 

Macroscopic sample 
description 

Medium gray shale 
70% gray color dry, 100% gray wet moderately fissile shale with traces of pyrite as 
isolated equant grains and along bedding.  5 mm average thickness between partings with 
planar surfaces. Nonmagnetic. Scratches easily with steel scribe. No visible reaction with 
acid. 

Brief petrographic 
description 

Sparse angular quartz silt grains suspended in fine-grained mica-dominant mud matrix.  
Organic carbon primarily as amorphous component of matrix, but also as distinct red and 
yellow fossil macerals.  Trace disseminated very fine-grained pyrite locally forming 
bedding-parallel aggregates. 

Constituent minerals Quartz 45% 5% as 50 μm angular equant silt grains randomly disseminated 
throughout the remainder which occurs as component of matrix 

Muscovite 34% <1% as 20-100 μm detrital flakes aligned parallel to bedding, 
remainder as high-birefringence component of mud matrix that 
goes extinct when bedding aligned parallel to microscope’s 
polarization 

Kaolinite 17% <1 μm low-birefringence component of mud matrix 
Pyrite <1% 10 μm anhedral opaque disseminated grains and as <700 μm 

aggregates of <10 μm grains with quartz-filled voids 
Kerogen 4% <0.1% as 100 μm yellow flattened loop-shaped fossils, 0.5% as red 

flake macerals, remainder as amorphous brown in matrix 
Porosity 0% intergranular porosity and <0.1% fracture porosity along shale parting 
Heterogeneity highly fissile shale partings 

 
Billet of medium gray shale 
Wet sample almost as dark as epoxy.  Gray splotches 
are air bubbles on surface. 

 
Thin section slide of medium gray shale 
Widely-spaced shale parting distinct. 
Blue epoxy impregnation indicates 0% porosity.     

Photograph of cut drill core 
of medium gray shale. 
Top surface is cut by saw, 
but parting in middle of 
sample is planar. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.6 0.7 
Al2O3 16.7 19.8 
SiO2 55.8 66.3 
P2O5 0.1 0.1 
SO2 1.6 1.9 
K2O 3.4 4.1 
CaO 0.2 0.2 
TiO2 0.8 1.0 
FeO 4.4 5.3 
Total 84.2 100.0 

 

 
dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-39-HQ-7 @ 158.7-159.5 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting very low pyrite content 
as isolated grains (larger aggregates not shown 
here).  Quartz silt (discrete white grains) 
homogenously disseminated throughout mud 
matrix.  Sparse orange and red flakes, and yellow 
squashed-loop fossil (arrow) kerogen macerals 
throughout. 

 

Cross-polarized photomicrograph of same spot 
on slide showing high-order interference colors 
of majority of matrix (mica component), and 
sparseness of detrital muscovite (brightly-colored 
splinters).  Quartz silt is gray/white in this 
illumination.  

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-39-HQ-7 @ 158.7-159.5 
 

 

Plane-polarized photomicrograph detail of yellow 
squashed-loop kerogen fossil.  Note distinctly 
separate red flake kerogen macerals (e.g., arrow), 
and brown amorphous kerogen mixed with 
mica/clay mud matrix.  White grains are quartz 
silt. 

 

Cross-polarized photomicrograph of aggregate of 
fine-grained pyrite aligned parallel to bedding.  
Micas in matrix have high birefringence 
(yellows/golden), dominating matrix mineralogy.  
Large white grains are quartz silt.  

 

Cross-polarized photomicrograph at very high 
magnification of low-birefringence clay-filled 
fossil cavity (arrow).  Brightly-colored material 
mixed with brown is mica in mud matrix.  
Detrital muscovite flake at bottom of image 
(blue).  Note highly angular shape of quartz silt 
grain above detrital muscovite flake.  

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-5 @ 27.8-28.8 
 

Macroscopic sample 
description 

Very fine-grained quartz arenite sandstone 
20% gray color dry, 40% gray wet, very well-sorted, very fine-grained quartz arenite with 
no visible mud matrix.  No distinct bedding – homogeneous and isotropic. 
Nonmagnetic. Scratches with steel scribe, but also hard/abrasive enough to use as 
whetstone (cementation is too weak for commercial use). No visible reaction with acid. 

Brief petrographic 
description 

Extremely well-sorted, highly-angular, very fine-grained quartz sand with minimal 
clay/mica matrix.  Anhedral dolomite occurs as discrete grains (detrital?).  Very fine-
grained pyrite and discrete spheroidal amorphous brown kerogen masses disseminated 
evenly throughout. 

Constituent minerals Quartz 85% 30-100 μm very highly angular fine sand, minimal 
overgrowths/cement 

Muscovite 8% <0.5% 100-300 μm detrital flakes, remainder as 5-10 μm matrix 
grains 

Kaolinite 5% <1 μm detectable by XRF composition (Al2O3 content) as part of 
first-order gray matrix between sand grains 

Dolomite 1% 100 μm anhedral, extreme birefringence, distinct detrital grains 
(i.e., not cement) 

Pyrite 1% 20-50 μm equant opaque, brassy yellow in reflected light 
Kerogen <0.5% amorphous brown material in round 100 μm ovoid masses with 

diffuse boundaries 
Porosity 8% intergranular porosity and 0% fracture porosity 
Heterogeneity none 

 
Billet of fine-grained quartz arenite sandstone 
Homogeneous, completely lacking lamination or 
other bedding features 

 
Thin section slide of fine-grained quartz arenite 
sandstone 
Note very consistent grain size (well-sorted) and blue 
epoxy impregnation indicating 8% intergranular porosity. 

Photograph of cut drill core 
of fine-grained quartz arenite 
sandstone.  Note lack of 
bedding laminations or other 
sedimentary textures.  
Sloping lines near top of 
sample are saw marks. 

 
 
  

 
dry wet 

 wt% 
norm. 

wt% 
Na2O 0.5 0.6 
MgO 1.0 1.1 
Al2O3 4.7 5.2 
SiO2 81.3 89.8 
P2O5 0.1 0.1 
SO2 0.3 0.3 
K2O 0.9 1.0 
CaO 0.2 0.3 
TiO2 0.6 0.7 
FeO 0.9 1.0 
Total 90.5 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-5 @ 27.8-28.8 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting high intergranular 
porosity (highlighted by blue epoxy), 
homogeneous, non-laminated nature of sample, 
and very high quartz content (white).  Darker 
brown grains are carbonate (e.g., arrow).  

 

Cross-polarized photomicrograph of same spot 
on slide showing uniform, well-sorted fine-
grained quartz sand composition (grays) with 
sparse high-birefringence grains (khaki-colored = 
carbonate).   

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-5 @ 27.8-28.8 
 

 

Plane-polarized photomicrograph documenting 
high intergranular porosity (blue epoxy) between 
quartz sand (white) grains.   

Light green linear flake in center is detrital 
muscovite.  Muddy khaki-colored grains (e.g., 
arrow) are carbonate.  Lack of reaction with acid 
suggests dolomite rather than calcite. 

Black grains are opaque pyrite.  Brown smudges 
are amorphous organic carbon (kerogen).   

 

Cross-polarized photomicrograph of same spot 
on slide showing very high order interference 
colors of anhedral dolomite grains (arrow) and 
detrital muscovite (orange/blue splinter in 
center). 

 

Cross-polarized photomicrograph at very high 
magnification documenting grain size of finer 
component of quartz sand/silt, muscovite (“hair” 
brightly-colored grain in center), and discrete 
amorphous kerogen maceral (arrow). 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-16 & 17 @ 84.8-85.6 
 

Macroscopic sample 
description 

Light gray shaley siltstone 
50% gray color dry, 70% gray wet highly fissile shale with 7 mm average thickness 
between partings with irregular surfaces. Sample swells when wet to form tiny splinters 
that puff out of epoxy billet. Nonmagnetic. Scratches easily with steel scribe. No visible 
reaction with acid. 

Brief petrographic 
description 

Alternating, sharply-bounded, sub-mm laminae of highly angular quartz silt and mica-
clay mudstone.  Evenly disseminated very fine-grained opaque magnetite/martite. 

Constituent minerals Quartz 43% 20-30 μm equant, highly-angular, moderately-sorted first-order 
gray interference grains concentrated in silt-rich, mica-clay-poor 
200-1,000 μm thick laminae, minor component as <2 μm grains in 
mud-rich laminae with very sparse, isolated 50-100 μm grains 

Muscovite 38% <0.1% as 50 μm detrital flakes, remainder as dominant mineral in 
mud matrix with high birefringence and parallel extinction 

Kaolinite 17% <1 μm low-birefringence component of mud matrix 
Magnetite 1% 10-40 μm anhedral equant opaque grains, black metallic in billet, 

no magnetism detected with swivel magnet either due to sparseness 
or oxidation of magnetite to hematite pseudomorph (martite), or 
high Fe with low S content in XRF chemical analysis supportive 
evidence 

Chlorite <0.1% 10-20 μm flakes in 100 μm clots – green with brown-green 
extinction 

Porosity 0% intergranular porosity and 0% fracture porosity 
Heterogeneity strongly fissile shaley parting that’s further weakened by swelling when wet 

 
Billet of light gray shaley siltstone 
Clay-rich layers swelled when wet and plucked from 
billet, leaving quartz silt layers as ridges.  

 
Thin section slide of light gray shaley siltstone 
White quartz silt laminae alternate with brown clay-mica 
mud.  Note black opaque minerals are too fine to see at 
this magnification. 
Blue epoxy impregnation indicates 0% porosity.     

Photograph of cut drill core 
of light gray shaley siltstone.  
Note wavy shale parting and 
slight color banding due to 
variations in silt content 
between laminae. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.8 
MgO 0.5 0.7 
Al2O3 14.8 19.8 
SiO2 46.5 61.9 
P2O5 0.1 0.1 
SO2 0.2 0.3 
K2O 3.2 4.2 
CaO 0.4 0.6 
TiO2 0.8 1.1 
FeO 7.9 10.6 
Total 75.0 100.0 

 

 
dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-16 & 17 @ 84.8-85.6 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting sharply distinct mica-
clay-rich (brown) and quartz silt-rich laminae 
(white).   

 

Cross-polarized photomicrograph of same spot 
on slide showing high birefringence of micas in 
muddy laminae (brown/yellow), and sparsity of 
micas in quartz silt laminae (brightly-colored 
grains in field of white/gray/black specks). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-16 & 17 @ 84.8-85.6 
 

 

Cross-polarized photomicrograph of mud-rich 
layer showing isolated quartz silt grains (five 
white grains in center), abundance of very fine-
grained mica (yellow/brown/red speckling) with 
sparse larger detrital muscovite flakes (arrow) 
intermixed with very fine-grained quartz and clay 
(grays in fine groundmass).  Opaque grains 
(black) of uncertain mineralogy – black in 
reflected light – possibly magnetite (too sparse to 
draw Nd swivel magnetite or possibly altered to 
hematite pseudomorphs after magnetite [i.e., 
martized]).  High iron content in chemical 
analysis without coincidently high sulfur content 
supports magnetite/hematite ID. 

 

Cross-polarized photomicrograph of quartz silt-
rich lamina showing dominance of quartz 
(grays/whites) with subordinate micas (bright 
colors) and opaque grains (black).  Opaque grains 
only slightly enriched in silt layers relative to 
mud layers.  

 

Cross-polarized photomicrograph at high 
magnification of detrital muscovite flake (yellow) 
in typical mica-rich mud matrix (micas are 
brown/colorful grains).  Gray grains are low-
birefringence clays and extremely fine-grained 
quartz.   

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-22 @ 113.6-114.5 
 

Macroscopic sample 
description 

Maroon mudstone 
Very friable maroon mudstone that crumbles into 1 cm chips with irregular surfaces. 
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Fine quartz silt evenly disseminated in red hematite-stained mica-clay mud matrix.  Fine-
silt-sized detrital muscovite flakes throughout. Local sharply-bounded darker zones of 
marginally higher mud content due to bioturbation.   

Constituent minerals Quartz 44% 5% as 10-25 μm equant angular silt grains, remainder as <1 μm 
component of mud matrix 

Muscovite 33% 1% 20-40 μm detrital flakes, remainder is <5 μm highly 
birefringent component of mud matrix 

Kaolinite 21% <1 μm first-order gray component of mud matrix 
Hematite 2% <<1 μm stain pervading mud matrix, plus very rarely as <8 μm 

translucent red crystals 
Porosity 0% intergranular porosity and 2% fracture porosity (within chips provided) 
Heterogeneity Highly friable with tendency to break into chips 

 
Billet of maroon mudstone 
Sample so friable that multiple chips impregnated 
into epoxy block to make slide. 

 
Thin section slide of maroon mudstone 
Homogenous mudstone lacking lamination 
Blue epoxy impregnation indicates 0% intergranular 
porosity and some fracture porosity. 

Photograph of cut drill core 
of maroon mudstone.  Sample 
breaks very unevenly due to 
complete lack of bedding 
textures. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.4 0.6 
Al2O3 16.1 20.2 
SiO2 51.5 64.7 
P2O5 0.0 0.1 
SO2 0.2 0.2 
K2O 3.0 3.8 
CaO 0.1 0.1 
TiO2 0.9 1.1 
FeO 6.8 8.5 
Total 79.6 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-22 @ 113.6-114.5 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting homogeneous nature of 
quartz silt (white) suspended in red mud.  Local 
variations in darkness likely due to bioturbation. 

 

Cross-polarized photomicrograph of same spot 
on slide showing high birefringence of micas 
(bright colors) in mudstone matrix.  Quartz silt 
content is slightly less in dark bioturbation zone 
(bottom center). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-22 @ 113.6-114.5 
 

 

Plane-polarized photomicrograph of sample at 
very low magnification to show the patchy nature 
of the sample.  Although overall homogeneous, 
1-2 mm patches are slightly darker due to higher 
clay and hematite content.  Bright line crossing 
image is open fracture. 

 

Cross-polarized photomicrograph documenting 
high mica (yellow/brown) content of mud matrix 
and large detrital mica flakes throughout 
(blues/reds – e.g., arrow).  Quartz silt is white in 
this illumination. 

 

Plane-polarized photomicrograph at very high 
magnification of mud matrix showing pervasive 
ultra-fine-grained hematite throughout, as well as 
10 μm crystals (e.g., arrow).  Green flakes are 
clean muscovite mica grains – part of mud matrix 
component of sample.  

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-26 @ 133.7-134.5 
 

Macroscopic sample 
description 

Medium gray shale 
70% gray color dry, 80% gray wet very highly fissile shale with 4 mm average thickness 
between partings on irregular surfaces. Contact with red shale sharp.  Red shale portion 
swells when wet to form splinters that protrude from epoxy, but gray portion does not 
swell. Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Alternating 100-200 μm laminae of angular very fine-grained quartz silt and laminae of 
mica-clay-rich mud.  Fine-grained micas in mud are optically aligned due to compaction 
parallel to bedding lamination.  Disseminated very fined-grained equant opaque grains of 
magnetite or hematite pseudomorphs after hematite. 

Constituent minerals Quartz 37% 5% as 50-100 μm very highly-angular silt grains concentrated in 
100-200 μm-thick laminae, remainder as low birefringence 
component of mud matrix. 

Muscovite 37% 1-2% as 75-100 μm detrital flakes, remainder as <10 μm high-
birefringence component of mud matrix that goes extinct 
simultaneously due to alignment during compaction. 

Kaolinite 24% <1 μm part of low-birefringence component of mud matrix 
Magnetite 2% 5-10 μm equant opaque black grains disseminated throughout with 

slight concentration in quartz silt-rich layers.  High iron with low 
sulfur XRF analysis suggests magnetite or, in light of lack of 
detectible magnetism, hematite pseudomorphing magnetite 
(martite) rather than equant pyrite.  

Kerogen <0.1% 20 μm equant, amorphous, diffusely-bounded reddish-brown  
Porosity 0% intergranular porosity and 1% fracture porosity 
Heterogeneity highly fissile shale parting, sample is contact between two color units 

 
Billet of medium gray shale 
Upper red portion highly friable – especially when 

wet, forming splinters 
that fall out of billet.  
Lower gray portion less 
absorbent. 

 
Thin section slide of medium gray shale 
Contact between lower gray shale and upper red shale. 
Note gradational nature.  White bands near bottom are 
quartz silt laminae. Blue epoxy impregnation indicates 
0% porosity, but fracture porosity along bedding.    

Photograph of cut drill core 
of medium gray shale.  
Upper surface broken along 
shale parting is 
irregular/non-planar.   

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.8 
MgO 0.4 0.6 
Al2O3 16.0 21.6 
SiO2 43.1 58.0 
P2O5 0.1 0.1 
SO2 0.1 0.2 
K2O 3.0 4.1 
CaO 0.4 0.5 
TiO2 0.7 1.0 
FeO 9.8 13.1 
Total 74.3 100.0 

 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-26 @ 133.7-134.5 
 

 

Plane-polarized photomicrograph of lower part of 
main body of sample documenting distinct quartz 
silt-rich laminae alternating with mica-clay mud.  
Blue line is epoxy-filled fracture along bedding. 

 

Cross-polarized photomicrograph of same spot 
on slide showing first-order gray interference 
colors of quartz silt interspersed with lesser 
amounts of highly-birefringent micas (bright 
blue/yellow/red colors).   

Micas in mud-rich laminae are largely extinct in 
this orientation (because micas compressed 
parallel to one another parallel to bedding 
compaction). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-26 @ 133.7-134.5 
 

 

Cross -polarized photomicrograph of quartz silt-
rich lamination (gray blocky grains) interlayered 
with mica-rich mud layers (honey/red higher-
order interference colors).  Muscovite mica flakes 
100 μm long (blue/yellow/red) are detrital grains.  
Bedding rotated to 45º in this image, but sample 
was cut perpendicular to core axis. 

 

Cross-polarized photomicrograph at very high 
magnification documenting intergrown matrix of 
micas (brown/red/higher-order colors) with ultra-
fine-grained quartz and clay (grays).  Amorphous 
brown smudge in center is likely organic 
material. 

 

Cross-polarized photomicrograph of gradational 
boundary between maroon shale (left) and gray 
shale (right).  Light band in gray shale layer is 
silt-rich lamination.  Opaque grains (black) show 
slight concentration in quartz silt band and in 
gray shale.   

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-28 @ 141.1-141.9 
 

Macroscopic sample 
description 

Very fissile medium gray shale 
70% gray color dry, 80% gray wet very highly fissile shale with 2 mm average thickness 
between partings with wavy surfaces. Sample swells when wet to form splinters that 
protrude from epoxy. Nonmagnetic. Scratches easily with steel scribe. No visible reaction 
with acid. 

Brief petrographic 
description 

Alternating minor quartz silt-rich laminae with mica-clay-rich mudstone.  Micas in mud 
matrix strongly aligned parallel to bedding. 

Constituent minerals Quartz 41% 2% as 10-25 μm anhedral, angular, equant silt concentrated in 100 
μm-thick laminae, remainder as clay-sized particles in mud matrix 

Muscovite 38% 1% as 50 μm greenish detrital flakes aligned parallel to bedding, 
remainder as high-birefringence component of mud matrix 

Kaolinite 19% <1 μm low-birefringence (gray) component of mud matrix 
Chlorite <1% <10 μm green flakes with anomalous brown extinction 
Pyrite <0.5% 10-20 μm anhedral opaque grains  
Kerogen 1% diffuse, amorphous brown material in mud matrix and small red 

macerals 
Porosity 0% intergranular porosity and <1% fracture porosity 
Heterogeneity Very high fissility augmented by swelling reaction with water 

 
Billet of medium gray shale 
Sample rapidly absorbed water and puffed out of 
epoxy as splinters 

 
Thin section slide of medium gray shale 
Very thin lamination with white quartz silt-bearing layers. 
Blue epoxy impregnation indicates 0% intergranular 
porosity, but fracture porosity along parting. 

Photograph of cut drill core 
of very fissile, medium 
gray shale.  Close spacing 
between partings that break 
along wavy surfaces. 

 
 
  

 
dry wet 

 wt% 
norm. 

wt% 
Na2O 0.5 0.7 
MgO 0.2 0.3 
Al2O3 15.0 21.6 
SiO2 44.9 64.7 
P2O5 0.0 0.0 
SO2 0.2 0.2 
K2O 3.1 4.5 
CaO 0.1 0.2 
TiO2 0.8 1.1 
FeO 4.6 6.6 
Total 69.4 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-28 @ 141.1-141.9 
 

 

Plane-polarized photomicrograph of main body 
of sample showing laminations resulting from 
variations in quartz silt:mica-clay mud ratios.  
White layers and spots are quartz-rich.  Bright 
white line along top is fracture along bedding 
(shaley parting).  

 

Cross-polarized photomicrograph of same spot 
on slide documenting dominance of low-
birefringence (gray) quartz in quartz silt layers.  
Micas in mud-rich laminae are mostly at 
extinction in this image because bedding is 
oriented E-W, parallel to microscope 
polarization. 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-28 @ 141.1-141.9 
 

 

Cross-polarized photomicrograph of shale parting 
(horizontal lines) with perpendicular stepped 
deformation transfers.  Note how micas in mud 
matrix are realigned to “vertical” along transfer 
(e.g., arrow) in response to stress so they are not 
at optical extinction like most of the micas in this 
view. 

 

 

Cross-polarized photomicrograph of clay-rich 
lens with subordinate quartz silt 

Note low order interference colors of clay 
compared to main body of sample which is mica-
rich (yellow/red and higher-order interference). 

 

Cross-polarized photomicrograph documenting 
mica-dominant composition of mud layer.  Micas 
oriented at 45º so not at extinction, displaying 
their high birefringence.  Gray blocky grains are 
quartz silt.  Finer gray material is mixture of 
ultra-fine quartz plus low-birefringence clay. 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-30 @ 153.6-154.3 
 

Macroscopic sample 
description 

Dark gray pyritic carbon-rich shale 
80% gray color dry, 100% gray (black) when wet, fissile shale with 6 mm average 
thickness between partings with wavy surfaces. Sub-mm pyrite along bedding.  
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Organic carbon-rich mudstone with sparse, evenly-disseminated quartz silt and detrital 
muscovite set in mica-dominant mud matrix.  Most kerogen as amorphous brown 
material integrated into mud matrix, but ruby-red macerals common, and distinct yellow 
fossil grains present. 

Constituent minerals Quartz 47% 3% as 20-30 μm equant angular silt, remainder as fine-grained 
component in mud matrix 

Muscovite 37% 1% as 50-100 μm bedding-parallel detrital flakes, remainder as 
high-birefringence component of mud matrix 

Kaolinite 10% <1 μm low-birefringence (gray) component of mud matrix 
Pyrite 1% 10-20 μm subhedral cubes clustered in elongate aggregates parallel 

to bedding 
Kerogen 5% primarily as brown-reddish brown amorphous material permeating 

mud matrix, 1% as 20-150 μm red angular macerals, very sparse 
150 μm squashed-loop shaped yellow fossil grains 

Porosity 0% intergranular porosity and <1% fracture porosity 
Heterogeneity Homogeneous, but fissile 

 
Billet of dark gray pyritic carbon-rich shale 
Sample very dark when wet. Pyrite along bedding 
(e.g., arrow). 

 
Thin section slide of dark gray pyritic carbon-rich 
shale 
Sample’s high organic carbon content makes almost 
opaque. Blue epoxy impregnation indicates 0% porosity.     

Photograph of cut drill core 
of dark gray pyritic carbon-
rich shale. 
Top surface is flat due to saw 
cut.  Shaley partings along 
which sample breaks are 
wavy. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.5 0.8 
MgO 0.3 0.4 
Al2O3 12.4 18.1 
SiO2 45.1 65.8 
P2O5 0.0 0.0 
SO2 1.8 2.7 
K2O 3.0 4.4 
CaO 0.1 0.2 
TiO2 0.7 1.1 
FeO 4.5 6.6 
Total 68.6 100.0 

  
dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-30 @ 153.6-154.3 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting very high organic carbon 
content, visible here as amorphous brown 
material in main matrix, linear yellow fossils, and 
equant red macerals.   White grains are quartz 
silt.  Black is pyrite concentrated along bedding 
(near left edge). 

 

Cross-polarized photomicrograph of same spot 
on slide documenting most white grains 
throughout have low birefringence (white/gray = 
quartz), but some have higher-order interference 
colors (blue/yellow/red = micas).  Matrix dark 
with amorphous, isotropic organic carbon 
(kerogen). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-30 @ 153.6-154.3 
 

 

Plane-polarized photomicrograph of main body at 
higher magnification documenting three 
occurrences of organic carbon: amorphous brown 
material in matrix, squashed loop-shaped yellow 
fossils, and red macerals.  

Note also the highly angular nature of quartz silt 
(blocky white), and presence of bedding-parallel 
detrital muscovite flakes (white lines).  Black 
grains are opaque pyrite. 

 

Plane-polarized photomicrograph of pyrite 
occurring as 10-20 μm subhedral cubes clustered 
in elongate aggregates parallel to bedding.  No 
correlation observed between surrounding 
mineralogy and locations of where pyrite 
nucleated.  Red kerogen macerals also distinct. 

 

Cross-polarized photomicrograph at very high 
magnification of mud matrix documenting mica-
rich mud matrix with very fine-grained quartz silt 
(blocky white) and pervasive saturation with 
brownish-red kerogen.  

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-32 @ 163.2-164.1 
 

Macroscopic sample 
description 

Dark gray pyritic carbon-rich shale 
80% gray color dry, 100% gray (black) when wet fissile shale with blocky 8 mm average 
thickness between partings with wavy surfaces.  Discrete sub-mm pyrite grains.  
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Very kerogen-rich mudstone with sparse evenly-disseminated quartz silt.  Bedding-
parallel aligned yellow fossil carbon macerals, elongate red carbon macerals, and very 
sparse detrital muscovite flakes define bedding, but compositionally homogeneous.  
Disseminated pyrite throughout not aggregated into larger masses.  

Constituent minerals Quartz 45% 3% as <60 μm equant angular silt, remainder as fine-grained 
component in mud matrix 

Muscovite 35% 1% as 50-100 μm bedding-parallel detrital flakes, remainder as high-
birefringence component of mud matrix 

Kaolinite 10% <1 μm low-birefringence (gray) component of mud matrix 
Pyrite 2% <50 μm subhedral cubes randomly disseminated throughout 
Kerogen 9% 5% as 150 μm squashed-loop shaped yellow fossil grains, 1% as 20-

150 μm red angular macerals, remainder as brown-reddish brown 
amorphous material permeating mud matrix to nearly opaque. 

Porosity 0% intergranular porosity and 0% fracture porosity 
Heterogeneity Homogeneous, but fissile 

 
Billet of dark gray pyritic carbon-rich shale 
Black-when-wet shale 

 
Thin section slide of dark gray pyritic carbon-rich 
shale 
No distinct compositional laminations.  Sample nearly 
opaque due to very high organic carbon content. 
Blue epoxy impregnation indicates 0% porosity.     

Photograph of cut drill 
core of dark gray pyritic 
carbon-rich shale.  Top 
surface flat due to saw cut 
(lines are saw marks).  
Sample parts in middle 
along wavy bedding 
perpendicular to core axis. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.4 0.5 
Al2O3 13.5 17.8 
SiO2 48.7 64.5 
P2O5 0.0 0.1 
SO2 3.3 4.4 
K2O 3.2 4.2 
CaO 0.2 0.3 
TiO2 0.7 0.9 
FeO 4.9 6.5 
Total 75.5 100.0 

  
dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-32 @ 163.2-164.1 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting very high organic carbon 
(kerogen) content of sample.  Abundant yellow 
fossil macerals and pervasive permeating 
amorphous brown kerogen in matrix.  Red 
macerals also distinct.   

Black opaque pyrite grains aligned along bedding 
near center of image.  Quartz silt homogeneously 
disseminated throughout.  

 

 

Cross-polarized photomicrograph of same spot 
on slide showing all kerogen types optically 
isotropic.  White grains throughout are quartz silt 
with low birefringence (white/gray), but high-
birefringence micas (blue/red/bright yellow) also 
present throughout.  

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).Chemical analyses were done using 
a silicon drift detector Bruker Tracer IV-SD portable XRF 
with vacuum attachment for improved analysis of light 
elements (Na and Mg) using a mudstone standard. Three 
30-seconds spot analyses with 2x4 mm analytical window 
were averaged to estimate the bulk rock composition 
using earth materials standards. Oxide weight percent 
values were calculated from raw elemental weight percent 
values on a molar basis, allocating oxygen to balance 
charges. Portable XRF analyses are an objective, 
quantitative evaluation of the bulk chemical composition 
and are accurate, but generally with only ± 2-4% 
precision – typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 

fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-40-HQ-32 @ 163.2-164.1 
 

 

Plane-polarized photomicrograph detailing 
abundant yellow fossil kerogen macerals aligned 
parallel to bedding. Grains are all either squashed 
loop shapes or wavy lines with rounded ends 
(i.e., completely compressed loops).  Red 
macerals are equant to elongate and have 
distinctly different shapes.  Matrix is dark brown 
due to pervasive amorphous brown kerogen.  
White dots are quartz silt evenly disseminated 
throughout.   

 

Plane-polarized photomicrograph documenting 
with light source on maximum to see through 
darkly-colored kerogen-rich matrix and so reveal 
truly opaque equant grains of very fine-grained 
pyrite (black) disseminated throughout. Yellow 
and red kerogen macerals, plus equant white 
quartz silt and linear white detrital muscovite 
micas also visible in this image.  

 

Plane-polarized photomicrograph at high 
magnification of squashed-loop shaped yellow 
fossil carbon.  Note consistency of thickness of 
each side of the loop and non-crystalline nature 
of the material.  White mica flake above/right and 
white quartz silt grain above/left.  Dense brown 
color of surrounding matrix due to amorphous 
kerogen. 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-41-HQ-33 @ 170.0-171.0 
 

Macroscopic sample 
description 

Dark gray pyritic shale 
80% gray color dry, 100% gray (black) when wet, highly fissile shale with 5 mm average 
thickness between partings with wavy surfaces.  Minor pyrite elongate along bedding.  
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Very kerogen-rich mudstone with sparse evenly-disseminated quartz silt.  Matrix dark 
with diffuse, amorphous brown kerogen.  Elongate ruby red carbon macerals are bedding-
parallel and dominate the discrete kerogen maceral population.  Lesser amounts of yellow 
fossil carbon macerals also present.  Disseminated pyrite throughout and as larger 
aggregates along bedding. 

Constituent minerals Quartz 45% 3% as <30 μm equant angular silt randomly disseminated 
throughout sample (no distinct silt-rich layers), remainder as fine-
grained component in mud matrix 

Muscovite 34% 1% as 20-30 μm bedding-parallel detrital flakes, remainder as high-
birefringence component of mud matrix with strong alignment 
parallel to bedding (entire matrix of sample goes extinct when 
bedding aligned parallel to microscopes polarization).  

Kaolinite 13% <1 μm low-birefringence (gray) component of mud matrix 
Pyrite 2% <50 μm anhedral equant opaque grains disseminated throughout 

sample and locally clustered along bedding as 1,000 μm aggregates 
Kerogen 7% 1% as 150-200 μm squashed-loop shaped yellow fossil grains, 2% 

as 20-150 μm elongate to equant ruby red macerals, remainder as 
brown-reddish brown amorphous material permeating mud matrix. 

Porosity 0% intergranular porosity and 0% fracture porosity 
Heterogeneity Homogeneous, but fissile 

 
Billet of dark gray pyritic shale 

Black when wet 
homogeneous shale  

 
Thin section slide of dark gray pyritic shale 
Homogeneous mudstone lacking distinct laminations, 
nearly opaque due to high organic carbon content. Blue 
epoxy impregnation indicates 0% porosity.     

Photograph of cut drill core 
of dark gray pyritic shale.  
Top surface flat due to rock 
saw cut (lines are saw 
marks).  Sample breaks in 
middle along wavy parting.   

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.5 0.7 
MgO 0.3 0.5 
Al2O3 13.6 18.5 
SiO2 48.3 65.5 
P2O5 0.0 0.1 
SO2 2.2 3.0 
K2O 3.1 4.2 
CaO 0.2 0.2 
TiO2 0.7 1.0 
FeO 4.7 6.4 
Total 73.8 100.0 

 
 

dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-41-HQ-33 @ 170.0-171.0 
 

 

Plane-polarized photomicrograph of main body 
of sample showing homogeneous quartz silt 
suspended in mica-clay-rich mud matrix (brown) 
and pyrite formed along bedding planes (black).  
Matrix brown due to diffuse amorphous organic 
carbon (kerogen).  Kerogen also present as very 
sparse squashed-loop yellow fossils and ruby red 
macerals.  Small white grains throughout are 
quartz silt and detrital muscovite.  

 

Cross-polarized photomicrograph of same spot 
on slide documenting dominance of low-
birefringence quartz as white grains in image 
above (whites/grays), but also presence of high-
birefringence muscovite flakes (blues/reds).  
Large patch of low-birefringence (gray) clay and 
quartz concentrated in loop-like structure 
(arrow).    

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light). 

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-41-HQ-33 @ 170.0-171.0 
 

 

Cross-polarized photomicrograph of same spot 
on slide rotated 45º.  Bedding is “vertical” on 
this page (elongate silt lens is parallel to 
bedding).  Image on top is dark because micas 
in mud matrix are aligned parallel to the 
microscopes polarizing filters and are thus 
extinct.  Image on bottom is bright because 
micas are not aligned with planes of 
polarization.  This demonstrates a high degree 
of alignment of extremely fine-grained micas in 
mud matrix parallel to bedding. 

Greenish amber grain in bottom right of lower 
image is large yellow kerogen maceral.  
White/gray grains are quartz silt. 

 

Plane -polarized photomicrograph of three 
occurrences of kerogen: diffuse amorphous 
brown material in matrix, discrete elongate 
ruby-red macerals, and sparser squashed-loop-
shaped yellow fossil grains.  Quartz silt (blocky 
white) and detrital muscovite flakes (linear 
white) randomly disseminated throughout 
sample.  Black grains are opaque pyrite.  

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-42 NQ-18 @ 170.0-171.1 
 

Macroscopic sample 
description 

Black shale 
Black only weakly fissile mudstone with very planar breaks spaced 6 mm. 
Scratches easily with steel scribe. No reaction with acid. 

Brief petrographic 
description 

Organic carbon-rich mud matrix suspending rounded quartz silt and carbon macerals of 
two varieties: large bright-yellow elongate sinusoidal loops (plant fossils?) and finer-
grained, dark red, equant grains (plant fossil fragments?)  Trace disseminated fine-
grained pyrite. 

Constituent minerals Quartz silt 2% <30 μm round, disseminated 
Quartz mud 45% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 11% <1 μm in mud (proportion calculated chemically) 
Muscovite 34% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 1% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite 1% 20 μm equant, disseminated 
Organic 5% 100-250-μm-long, bright yellow, elongate, sinusoidal macerals 

with consistent size range, plus 20-50 μm equant dark red macerals, 
plus finer-grained red/brown material in mud matrix 

Porosity 0% observable intergranular porosity and <<1% fracture porosity along shaley partings 
Heterogeneity Shaley parting along bedding 

 
Billet of black shale 
Massive black mudstone 

 
Thin section slide of black shale 
Homogeneous dark mudstone. Blue epoxy impregnation 
indicates 0% observable intergranular porosity.     

Photograph of cut drill core of black 
shale.  Note lack of strong fissility – 
rock does not break easily along 
bedding.  Top surface flat from rock 
saw cut, not bedding parting.   Note 
lack of water seeping from parting. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.5 0.7 
MgO 0.3 0.5 
Al2O3 13.6 18.1 
SiO2 48.7 65.0 
P2O5 0.1 0.1 
SO2 3.0 3.9 
K2O 3.1 4.2 
CaO 0.1 0.2 
TiO2 0.7 0.9 
FeO 4.8 6.4 
Total 74.9 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-42 NQ-18 @ 170.0-171.1 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting high organic content, 
abundant bright yellow elongate organic carbon 
macerals (plant fossils?), red organic carbon 
macerals, and moderate sparsity of quartz silt 
grains (white). 

 

 

Cross-polarized photomicrograph with gypsum 
plate inserted (540 nm additional retardation) of 
same spot on slide documenting silt grains are 
quartz (yellow/blue) and organic carbon is 
isotropic (non-crystalline). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-42 NQ-18 @ 170.0-171.1 
 

 

Plane-polarized photomicrograph of elongate 
bright-yellow organic carbon macerals, red 
carbon macerals, and white quartz silt in an 
organic carbon-rich mud matrix. 

 

Cross-polarized photomicrograph with gypsum 
plate (540 nm additional retardation) of same 
view documenting isotropy of carbon macerals 
and augmented low-order interference colors of 
sparse quartz silt (yellow/blue).  

 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-43 HQ-21 @ 167.2-167.9 
 

Macroscopic sample 
description 

Brown shale 
Very dark brown fissile mudstone with almost slate-like perfectly planar parting  
spaced 6 mm.  Scratches easily with steel scribe. No reaction with acid. 

Brief petrographic 
description 

Very abundant bright-yellow organic carbon macerals with consistent size and 
characteristic wavy elongate shape suspended in dark mud matrix with moderately low 
quartz silt content.  Mud matrix contains reddish-brown carbon intermixed with clays and 
birefringent micas (muscovite? illite?) 

Constituent minerals Quartz silt 2% <30 μm equant, disseminated 
Quartz mud 46% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 9% <1 μm in mud (proportion calculated chemically) 
Muscovite 32% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 2% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite 1% 20 μm equant, disseminated 
Organic 8% 100-250-μm-long, bright yellow, elongate, sinusoidal macerals 

with looped, rounded ends plus <20 μm reddish-brown flakes 
Porosity 0% observable intergranular porosity and <<1% fracture porosity along shaley partings 
Heterogeneity Shaley parting along bedding 

 
Billet of brown shale 
Homogenous mudstone with faintly visible parting 
along bedding. 

 
Thin section slide of brown shale 
Shale parts along irregular surfaces.  1 mm aggregate of 
very fine-grained pyrite near top center. 
Blue epoxy impregnation indicates 0% observable 
intergranular porosity, but detectable fracture porosity.     

Photograph of cut drill core of brown 
shale.  Note strong tendency to break 
along shaley parting and flat break 
with only minor offset on top. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.8 
MgO 0.4 0.6 
Al2O3 12.9 16.9 
SiO2 50.4 66.0 
P2O5 0.0 0.1 
SO2 3.3 4.3 
K2O 3.1 4.1 
CaO 0.3 0.4 
TiO2 0.6 0.8 
FeO 4.6 6.1 
Total 76.4 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-43 HQ-21 @ 167.2-167.9 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting very high abundance of 
bright-yellow elongate organic carbon macerals, 
equant finer-grained red carbon macerals, 
moderate quartz silt content (white), and dark 
mud matrix. 

 

 

Cross-polarized photomicrograph with gypsum 
plate inserted (540 nm additional retardation) of 
same spot on slide documenting silt grains are 
quartz (yellow/blue) and organic carbon is 
isotropic (red/pink). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-43 HQ-21 @ 167.2-167.9 
 

 

Plane-polarized photomicrograph at high 
magnification showing elongate, slightly 
sinusoidal, loop shape of bright-yellow organic 
carbon macerals.  Quartz silt (white) sparse and 
matrix mud red/dark brown with finer-grained 
organic carbon mixed with clays. 

 

Plane-polarized photomicrograph at very high 
magnification of end of  bright-yellow organic 
carbon maceral showing very typical loop shape.  
White grain at end of maceral is quartz silt  
0.008 inches in diameter. 

 

 

Plane-polarized photomicrograph of bright-
yellow organic carbon macerals showing very 
consistent size and characteristic sinusoidal/wavy 
shape (possibly due to uneven compression of 
originally flat leaves in mud when rock lithified – 
i.e., variations in quartz silt made different parts 
of mud more/less compressible, so flexible 
organic “leaves” conformed accordingly?)  White 
grains are quartz silt. 

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-44 NQ-19 @ 165.0-166.3 
 

Macroscopic sample 
description 

Black shale 
Black, very fissile mudstone with irregular breaks spaced 5 mm.  Sample crumbles if not 
handled gently.  Very fine-grained pyrite along parting. Scratches easily with steel scribe. 
No reaction with acid. 

Brief petrographic 
description 

Dark brown mud matrix supporting evenly-disseminated equant quartz silt grains.  Red 
flake-shaped carbon is only discrete maceral present.  Disseminated very fine-grained 
pyrite cubes locally coalesce as large, bedding-elongate aggregates.  Large 100-300 μm 
thick x 1-4 millimeter-long, bedding-parallel clay-rich/silt/poor chips in matrix. 

Constituent minerals Quartz silt 5% <30 μm equant disseminated 
Quartz mud 44% <5 μm granules in mud (proportion calculated chemically) 
Kaolinite 15% <1 μm in mud (proportion calculated chemically) 
Muscovite 32% <5 μm flakes in mud (proportion calculated chemically) 
Chlorite 1% <5 μm flakes in mud (proportion calculated chemically) 
Pyrite 2% 20 μm equant, disseminated, locally forming aggregates 300 x 

1,000 μm in size 
Organic 2% <100 μm red flake macerals plus finer-grained in mud matrix 

Porosity 0% observable intergranular porosity and <<1% fracture porosity along shaley partings 
Heterogeneity Shaley parting along bedding 

 
Billet of black shale 
Pyrite along bedding (bright white traces) in 
otherwise homogenous mudstone.  Gray splotches 
are air bubbles on scanned sample surface. 

 
Thin section slide of black shale 
Note pyrite concentrations along bedding (light) and blue 
epoxy impregnation in shaley parting, but 0% detectable 
intergranular porosity.     

Photograph of cut drill core of black 
shale.  Shaley parting on cut surface 
highlighted by soaking with water, 
then drying face.  Note irregular wavy 
breaks along bedding seen in parting 
and topography of top of sample 
broken along shaley parting  
(i.e., not perfectly planar). 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.5 0.7 
MgO 0.4 0.5 
Al2O3 15.0 19.1 
SiO2 52.5 66.9 
P2O5 0.0 0.1 
SO2 1.5 1.9 
K2O 3.2 4.0 
CaO 0.1 0.2 
TiO2 0.8 1.0 
FeO 4.4 5.6 
Total 78.5 100.0 

 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-44 NQ-19 @ 165.0-166.3 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting moderately high quartz 
silt content (white), high abundance of very 
fined-grained pyrite forming nearly massive mm-
wide aggregates (opaque black), and traces of red 
organic carbon macerals in dark brown, carbon-
rich mud matrix.  Blue lines are fractures filled 
with epoxy. 

 

 

Cross-polarized photomicrograph with gypsum 
plate inserted (540 nm additional retardation) of 
same spot on slide documenting silt grains are 
quartz (yellow/blue). 

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand 
lens.  

Thin section analysis used a Nikon Pol600 polarized 
light petrographic microscope (both plane- and cross-
polarized light).  

Chemical analyses were done using a silicon drift 
detector Bruker Tracer IV-SD portable XRF with 
vacuum attachment for improved analysis of light 
elements (Na and Mg). Three 60-seconds spot analyses 
with 2x4 mm analytical window were averaged to 
estimate the bulk rock composition using earth 
materials standards. Oxide weight percent values were 
calculated from raw elemental weight percent values on 
a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of minerals in shale cannot be 
objectively determined optically because the particles 
of intermixed quartz, clay, mica, and lithic fragments in 
the silt and mud are too small to be resolved.  The 
relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and 
first-order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison 
with standardized estimation charts, then the 
proportions of quartz, clay, mica, and chlorite in mud 
calculated based on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-44 NQ-19 @ 165.0-166.3 
 

 

Plane-polarized photomicrograph at very high 
magnification with condenser lens engaged for 
maximum illumination to distinguish truly-
opaque pyrite (black) from nearly-opaque organic 
carbon macerals. 

Pyrite forms 20 μm cubes that coalesce to form 
large, nearly pure aggregates.  Yellow grains 
intermixed with pyrite are either chlorite 
(probable) or nontronite clay (less likely, but not 
impossible).  Red is organic carbon. 

 

Plane-polarized photomicrograph at high 
magnification of pyrite aggregate with no 
difference in white quartz silt content compared 
to adjacent mudstone.  Red grains are organic 
carbon macerals. 

 

 

Plane-polarized photomicrograph at low 
magnification showing discrete, bedding-parallel, 
dark-brown muddy chips deposited within shale.  
Black is opaque pyrite aggregate.  Blue epoxy 
fills bedding-parallel fractures.  

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-45-HQ-5 @ 151.2-151.6 
 

Macroscopic sample 
description 

Dark gray pyritic shale 
80% gray color dry, 100% gray (black) when wet, highly fissile shale with 4 mm average 
thickness between partings on wavy surfaces.  Thin wisps of pyrite along bedding. 
Nonmagnetic. Scratches easily with steel scribe. No visible reaction with acid. 

Brief petrographic 
description 

Homogeneous mixture of sparse very fine-grained angular quartz silt in mica-clay matrix.  
Matrix is very rich in diffuse amorphous brown organic carbon.  Red kerogen macerals 
throughout with single 1-mm fossil grain.  Pyrite disseminated throughout and aggregated 
along bedding.  Trace green chlorite. 

Constituent minerals Quartz 44% 4% as <30 μm equant angular silt, remainder as fine-grained 
component in mud matrix – no stratigraphic variations in silt 
content (homogeneous) 

Muscovite 33% 1% as 50 μm bedding-parallel detrital flakes, remainder as high-
birefringence component of mud matrix that goes extinct together 
due to grain alignment parallel to bedding 

Kaolinite 16% <1 μm low-birefringence (gray) component of mud matrix 
Pyrite 2% <50 μm anhedral equant opaque grains randomly disseminated 

throughout and concentrated as >800 μm aggregates along bedding. 
Kerogen 5% 2% as 20-150 μm red angular macerals (one 1,000 μm fossil), 

remainder as brown-reddish brown amorphous material permeating 
mud matrix to nearly opaque. Only trace 150 μm squashed-loop-
shaped yellow fossil grains. 

Chlorite <0.5% <25 μm bright green flakes randomly disseminated 
Porosity 0% intergranular porosity and 1% fracture porosity along parting 
Heterogeneity Homogeneous composition, but fissile 

 
Billet of dark gray pyritic shale 

Sample black when wet. 
Gray shapes are air 
bubbles on surface. 

 
Thin section slide of dark gray pyritic shale 
1 mm round pyrite grains (arrow) 
Blue epoxy impregnation indicates 0% intergranular 
porosity, but fracture porosity present along parting. 

Photograph of cut drill core 
of dark gray pyritic shale.  
Top surface is shale parting 
with wavy surface.  Pyrite 
concentrated along bedding 
visible near bottom of sample 
on cut surface.   

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.8 0.9 
Al2O3 16.3 19.4 
SiO2 55.3 65.9 
P2O5 0.1 0.1 
SO2 2.2 2.7 
K2O 3.4 4.1 
CaO 0.2 0.2 
TiO2 0.8 0.9 
FeO 4.4 5.2 
Total 84.0 100.0 

 
 

dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-45-HQ-5 @ 151.2-151.6 
 

 

Plane-polarized photomicrograph of main body 
of sample showing opaque (black) pyrite 
aggregates along bedding with minor 
disseminated isolated grains in homogeneous 
quartz silt-mud matrix.  White grains are quartz 
silt (equant) and detrital muscovite (lines).  
Minor red kerogen macerals present, plus diffuse 
amorphous brown kerogen in matrix. 

 

Cross-polarized photomicrograph of same spot 
on slide distinguishing quartz silt grains (equant 
white/gray) from detrital muscovite (yellow/red 
linear grains).  Mud matrix is sparkly brown due 
to abundant very fine-grained micas.    

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light).  

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-45-HQ-5 @ 151.2-151.6 
 

 

Plane-polarized photomicrograph detailing 
diffuse brown kerogen throughout mud matrix 
and distinct red macerals, including an unusually 
large red maceral (fossil).  Quartz silt (equant 
white) and detrital muscovite (linear white) 
disseminated evenly throughout.  Truly black 
grains are opaque fine-grained pyrite.   

 

Plane-polarized photomicrograph documenting 
traces of fracture porosity along shale parting 
(blue in upper right corner), and trace occurrence 
of wavy yellow fossil kerogen (center).  Black 
grains are opaque pyrite.   

 

Plane-polarized photomicrograph at very high 
magnification detailing squashed-loop shape of 
yellow kerogen grains (fossils).  Red kerogen 
macerals very distinctly different shape.  Mica-
clay-rich mud matrix between silt particles is rich 
in diffuse, amorphous brown kerogen.    

 
 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-46-HQ-20 @ 149.3-150.1 
 

Macroscopic sample 
description 

Black pyritic shale 
90% gray color dry, 100% gray (black) when wet highly fissile carbon-rich shale with 5 
mm average thickness between partings with wavy surfaces.  Pyrite as isolated grains and 
elongate wisps along bedding. Nonmagnetic. Scratches easily with steel scribe. No visible 
reaction with acid. 

Brief petrographic 
description 

Homogeneous mudstone with sparse, evenly-disseminated quartz silt and detrital 
muscovite set in organic carbon-rich mica-dominant mud matrix.  Most kerogen as 
amorphous brown material.  Elongate, angular red kerogen macerals common, and wavy 
yellow fossil grains rare.  Pyrite both evenly disseminated throughout and as bedding-
parallel aggregates of very fine-grain size. 

Constituent minerals Quartz 44% 5% as <30 μm equant angular to rounded silt, remainder as fine-
grained component in mud matrix 

Muscovite 34% 2% as 50-100 μm bedding-parallel detrital flakes, remainder as 
high-birefringence component of mud matrix 

Kaolinite 16% <1 μm low-birefringence (gray) component of mud matrix 
Pyrite 2% <20 μm anhedral equant isolated grains randomly disseminated 

throughout and as 300-500 μm elongate aggregates bedding-parallel  
Kerogen 5% 2% as <100 μm red elongate angular macerals, remainder as brown-

reddish brown amorphous material permeating mud matrix to nearly 
opaque.  Only trace 100-200 μm squashed-loop shaped yellow fossil 
grains. 

Chlorite <1% <30 μm flakes randomly disseminated, aligned with bedding 
Porosity 0% intergranular porosity and 0% fracture porosity 
Heterogeneity Homogeneous, but very highly fissile 

 
Billet of black pyritic shale 

Gray splotches = air 
bubbles on surface 

 
Thin section slide of black pyritic shale 
Homogeneous, nearly opaque with organic carbon 
Blue epoxy impregnation indicates 0% porosity.     

Photograph of cut drill core 
of black pyritic shale.  Top 
surface flat due to rock saw 
cut (lines are saw marks).  
Cut side shows shaley 
parting is wavy and sample 
is very highly fissile. 

 
 
  

 wt% 
norm. 

wt% 
Na2O 0.6 0.7 
MgO 0.5 0.7 
Al2O3 15.6 19.5 
SiO2 52.6 65.6 
P2O5 0.1 0.1 
SO2 2.0 2.5 
K2O 3.3 4.1 
CaO 0.2 0.3 
TiO2 0.8 0.9 
FeO 4.5 5.6 
Total 80.1 100.0 

 

 
dry wet 



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-46-HQ-20 @ 149.3-150.1 
 

 

Plane-polarized photomicrograph of main body 
of sample documenting high amorphous brown 
kerogen content of mica-clay matrix, 
homogeneous nature of sample with evenly-
disseminated quartz silt (white), and presence of 
both red and wavy-yellow kerogen macerals.   

 

Cross-polarized photomicrograph of same spot 
on slide showing first-order interference 
gray/white of disseminated quartz silt, higher-
order colors of detrital mica flakes 
(blue/yellow/green).  

Analytical methods
Billets and cut core samples were sanded smooth with 
400-grit carborundum abrasive, examined with hand lens. 
Grayscale compared visually to chart as % black both dry 
and wet. Thin section analysis used a Nikon Pol600 
polarized light petrographic microscope (both plane- and 
cross-polarized light). 

Chemical analyses were done using a silicon drift detector 
Bruker Tracer IV-SD portable XRF with vacuum 
attachment for improved analysis of light elements (Na 
and Mg) using a mudstone standard. Three 30-seconds 
spot analyses with 2x4 mm analytical window were 
averaged to estimate the bulk rock composition using 
earth materials standards. Oxide weight percent values 
were calculated from raw elemental weight percent values 
on a molar basis, allocating oxygen to balance charges. 
Portable XRF analyses are an objective, quantitative 
evaluation of the bulk chemical composition and are 
accurate, but generally with only ± 2-4% precision – 
typical of normal rock variability.  

The proportions of extremely fine-grained minerals in 
shale cannot be objectively determined optically because 
the particles of intermixed quartz, clay, mica, and lithic 
fragments in the silt and mud are too small to be resolved.  
The relative proportions of quartz, clay, and mica in 
mudstone can, however, be approximated based on the 
chemical composition of the sample if one assumes the 
clay mineral is kaolinite (Al2Si2O5(OH)4) the mica is 
muscovite (KAl3Si3O10(OH)2), chlorite is end-member 
clinochlore composition (Mg5Al2Si3O10(OH)8), and first-
order gray silt grains are quartz (SiO2).  These are 
reasonable approximations in most shales that do not 
display swelling characteristics (indicating presence of 
other clay species).  The volumetric proportions of 
chlorite, muscovite, kaolinite, and clay-size quartz are 
constrained by the Mg, K, Al, and Si contents, 
respectively.  Relative proportions of quartz silt and 
opaque grains were determined by visual comparison with 
standardized estimation charts, then the proportions of 
quartz, clay, mica, and chlorite in mud calculated based 
on chemical analysis.



 

Kurt Friehauf, Ph.D., P.G. – friehauf@kutztown.edu 

Sample: B-46-HQ-20 @ 149.3-150.1 
 

 

Plane-polarized photomicrograph detailing wavy 
yellow organic carbon fossil (center) and 
surrounding red kerogen macerals in dark brown 
matrix of mica-clay and diffuse brown kerogen.  
Very fine-grained disseminated pyrite is opaque 
black grains.  Bright green flake is chlorite. 

 

Plane-polarized photomicrograph with light on 
maximum setting to illuminate through dark 
organic carbon-rich matrix to document 
occurrence of truly opaque black disseminated 
pyrite as isolated very <20 μm equant grains, and 
as larger bedding-parallel aggregates of those 
grains (large black feature in lower right).  
Discrete, sharp boundaries of red kerogen 
macerals distinctly visible.  Quartz silt and 
detrital muscovite flakes (blocky white and linear 
white flakes, respectively).   

 

Plane-polarized photomicrograph at very high 
magnification detailing sharp-edged red type of 
kerogen maceral. Surrounding mud matrix is dark 
due to presence of diffuse brown kerogen.   

 
 



 

J.7 CERCHAR LABORATORY RESULTS 
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Date: 5/2/2018

Sample ID: B-18 NQ-12 @ 153.5-154.0

Before

After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Earth Mechanics Institute, CSM 5/2/2018



Date: 5/2/2018

Sample ID: B-18 NQ-13 @ 162.0-163.1

Before

After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Earth Mechanics Institute, CSM 5/2/2018



Date: 5/2/2018

Sample ID: B-23 NQ-11 @ 156.6-157.0

Before

After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Earth Mechanics Institute, CSM 5/2/2018

 HQ-



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/2/2018

Sample ID: B-23 HQ-11 @ 171.2-171.6

Before

Earth Mechanics Institute, CSM 5/2/2018

3 
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After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-20-HQ-12 @ 133.1-133.4

Before

Earth Mechanics Institute, CSM 7/23/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-20-HQ-15 @ 148.2-149.5

Before

Earth Mechanics Institute, CSM 7/23/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-27-NQ-17 @ 166.7-167.3

Before

Earth Mechanics Institute, CSM 7/23/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-27-NQ-17 @ 173.7-174.2

Before

Earth Mechanics Institute, CSM 7/23/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-29-NQ-18 @ 168.0-169.0

Before

Earth Mechanics Institute, CSM 7/23/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-31-HQ-19 @ 173.0-174.3

Before

Earth Mechanics Institute, CSM 7/23/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-33-NQ-18 @ 179.2-180.1

Before

Earth Mechanics Institute, CSM 7/23/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-42-NQ-18 @ 170.0-171.1

Before

Earth Mechanics Institute, CSM 7/23/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-43-HQ-21 @ 167.2-167.9

Before

Earth Mechanics Institute, CSM 7/23/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International, Inc.
Project Name: Big Walnut

Date: 5/31/2018

Sample ID: B-44-NQ-19 @ 165.0-166.3

Before

Earth Mechanics Institute, CSM 7/23/2018
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After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/20/2018

Sample ID: B-16-HQ-6 @ 148.1-148.9

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/20/2018

Sample ID: B-16-HQ-7 @ 153.8-154.4

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/20/2018

Sample ID: B-19-HQ-18 @148.7-149.5

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/20/2018

Sample ID: B-21-HQ-10 @ 161.9-162.4

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/20/2018

Sample ID: B-22-HQ-5 @ 151.6-152.5

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/20/2018

Sample ID: B-24-HQ-16 @ 165.1-165.6

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/20/2018

Sample ID: B-38-HQ-12 @ 107.1-107.9

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/25/2018

Sample ID: B-39-HQ-6 @ 154.6-155.5

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/25/2018

Sample ID: B-39-HQ-7 @ 157.7-159.5 

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/25/2018

Sample ID: B-40-HQ-5 @ 27.8-28.8

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/25/2018

Sample ID: B-40-HQ-16-17 @ 84.8-85.6

Before

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/25/2018

Sample ID: B-40-HQ-22 @ 113.6-114.5

Before

Earth Mechanics Institute, CSM 8/7/2018



Date: 7/27/2018

Sample ID: B-40-HQ-26 @ 133.7-134.5

Before

After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Earth Mechanics Institute, CSM 8/7/2018



Date: 7/27/2018

Sample ID: B-40-HQ-28 @ 141.1-141.9

Before

After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Earth Mechanics Institute, CSM 8/7/2018



Date: 7/27/2018

Sample ID: B-40-HQ-30 @ 153.6-154.3

Before

After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Earth Mechanics Institute, CSM 8/7/2018



Date: 7/27/2018

Sample ID: B-40-HQ-32 @ 163.2-164.1

Before

After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Earth Mechanics Institute, CSM 8/7/2018



Date: 7/27/2018

Sample ID: B-41-HQ-33 @ 170.0-171.0

Before

After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Earth Mechanics Institute, CSM 8/7/2018



Date: 7/27/2018

Sample ID: B-45-HQ-5 @ 151.2-151.6

Before

After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Earth Mechanics Institute, CSM 8/7/2018



After

Pictures of Sample Before and After
Cerchar Abrasivity Index

Client Name: Resource International
Project Name: Big Walnut 

Date: 7/27/2018

Sample ID: B-46-HQ-20 @ 149.3-150.1

Before

Earth Mechanics Institute, CSM 8/7/2018





 

 

 

 

 

 

 

 

 

J.8 SINTEF LABORATORY RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 





Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-18 NQ-11 @ 140.0-150.0
Characteristics:

Density (g/cm3):

Moisture Condition: 
As-received Air-Dried X Oven-dried Saturated
Frozen: No

S20 (%): DRI
SJ (1/10 mm):

Stdev
S20 Picture

 

Operator: OF-AK Date:
Supervisor: O F Date:
Principal Investigator: J R Date:

5/15/2018

79.7
67.9 78.69

4.0

5/15/18

5/15/18

DRI Category: Very high

2.6

65

17.3

87

Mean 67.9 79.7 78.69

4
5 104
6

3

EMI # 342

2 70.7 82

Test No. S20 (%) SJ (1/10 mm) DRI Comments

1 65.0 61

T1



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-18 NQ-11 @ 140.0-150.0

Sievers' J-Values Chart

SJ Picture S20-SJ-DRI Chart

 

5/15/2018

EMI # 342
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of S20 Value based on 3001 tested samples in Norwegian Database.

Classification of Sievers' J-Values based on 2770 tested samples  in Norwegian Database.

Classification of Drilling Rate Index™ according to “13A-98 DRILLABILITY Test Methods”, 
Dept. of Civil and Transport Engineering, NTNU.

High 58 - 69

Extremely High ≥ 86.0

Category DRI Value Sample Category
Extremely Low ≤ 25

Extremely Low ≤ 2
Very Low 2.0 - 3.9

Very High 70 - 82 ***
Extremely High ≥ 83

Very Low 26 - 32
Low 33 - 42
Medium 43 - 57

Very High 56.0 - 85.9 ***

High 51.0 - 59.9
Very High 60.0 - 65.9
Extremely High ≥ 66.0

Sievers' J Value (1/10 mm) Sample Category

Category Brittleness Value (%) Sample Category
Extremely Low ≤ 29.0
Very Low 29.1 - 34.9
Low 35.0 - 40.9
Medium 41.0 - 50.9

***

Category

Medium 7.0 - 18.9
High 19.0 - 55.9

Low 4.0 - 6.9

T3



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc.  Date:
Project: Big Walnut
Core ID: B-18 NQ-11 @ 140.0-150.0
Characteristics:

AV (mg): BWI:

AVS (mg):

Note: for AVS < 0.1: AVS = 0.1

 

0.2 0.5

Stdev

0.15 0.40 2.8 106.1 BWI Category: Extremely Low

CLI Category: Extremely High

AVS (mg) BWI CLI Comments

0.4

5/15/2018

CLI: 106.1

0.1 0.3

0.1 2.8

Mean

1
2
3

Test No.

4
5

EMI # 342

AV (mg)
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of AV based on the suggested guidelines by NTNU/SINTEF.

Classification of AVS based on the suggested guidelines by NTNU/SINTEF.

Classification of Bit Wear Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Classification of Cutter Life Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

≥ 44.0

High 15 - 34

≤ 10 ***
Very Low 11 - 20

Extremely High ≥ 75 ***

Category AVS (mg) Sample Category

Low 4.0 - 12.9
Medium 13.0 - 25.9
High 26.0 - 35.9
Very High 36.0 - 43.9
Extremely High

Very Low 5 - 5.9

Extremely High ≥ 70

Category CLI Value Sample Category

Medium 11.0 - 27.9

High 45 - 55
Very High 56 - 69

Very High 42.0 - 57.9

Very Low 1.1 - 3.9

Low 21 - 30
Medium 31 - 44

Category BWI Value Sample Category

Extremely Low

Category AV (mg) Sample Category
Extremely Low ≤ 1.0 ***

Low 4.0 - 10.9

High 28.0 - 41.9

Extremely High ≥ 58.0

Extremely Low ≤ 1.0 ***

Very Low 1.1 - 3.9

Low 6 - 7.9
Medium 8 - 14.9

Very High 35 - 74

Extremely Low < 5

T5



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-18 NQ-11 @ 140.0-150.0
Characteristics:

Summary:

Note: for AVS < 0.1: AVS = 0.1

Note:

Operator: OF-AK Date:
Supervisor: OF Date:
Principal Investigator: J R Date:

AVS (mg) 0.4

DRI 78.7

BWI 2.8
CLI 106.1

AV (mg) 0.1

5/15/2018

Parameter Unit Value
S20 67.9
SJ (1/10 mm) 79.7

5/15/18

5/15/18

EMI # 342

T6



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-18 NQ-13 @ 160.0-170.0
Characteristics:

Density (g/cm3):

Moisture Condition: 
As-received Air-Dried X Oven-dried Saturated
Frozen: No

S20 (%): DRI
SJ (1/10 mm):

Stdev
S20 Picture

 

Operator: O F-AK Date:
Supervisor: O F Date:
Principal Investigator: J R Date:

5/15/2018

88.5
57.7 69.05

7.9

5/15/18

5/15/18

DRI Category: Very high

2.3

88

8.9

98

Mean 57.7 88.5 69.05

4
5 81
6

3 65.4

EMI # 342

2 58.1 97

Test No. S20 (%) SJ (1/10 mm) DRI Comments

1 49.7 78

T1



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-18 NQ-13 @ 160.0-170.0

Sievers' J-Values Chart

SJ Picture S20-SJ-DRI Chart

 

5/15/2018

EMI # 342
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of S20 Value based on 3001 tested samples in Norwegian Database.

Classification of Sievers' J-Values based on 2770 tested samples  in Norwegian Database.

Classification of Drilling Rate Index™ according to “13A-98 DRILLABILITY Test Methods”, 
Dept. of Civil and Transport Engineering, NTNU.

High 58 - 69 ***

Extremely High ≥ 86.0 ***

Category DRI Value Sample Category
Extremely Low ≤ 25

Extremely Low ≤ 2
Very Low 2.0 - 3.9

Very High 70 - 82
Extremely High ≥ 83

Very Low 26 - 32
Low 33 - 42
Medium 43 - 57

Very High 56.0 - 85.9

High 51.0 - 59.9 ***
Very High 60.0 - 65.9
Extremely High ≥ 66.0

Sievers' J Value (1/10 mm) Sample Category

Category Brittleness Value (%) Sample Category
Extremely Low ≤ 29.0
Very Low 29.1 - 34.9
Low 35.0 - 40.9
Medium 41.0 - 50.9

Category

Medium 7.0 - 18.9
High 19.0 - 55.9

Low 4.0 - 6.9

T3



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc.  Date:
Project: Big Walnut
Core ID: B-18 NQ-13 @ 160.0-170.0
Characteristics:

AV (mg): BWI:

AVS (mg):

Note: for AVS < 0.1: AVS = 0.1

 

0.1 2.3

Stdev

0.10 2.40 1.4 55.4 BWI Category: Extremely Low

CLI Category: Very high

AVS (mg) BWI CLI Comments

2.4

5/15/2018

CLI: 55.4

0.1 2.5

0.1 1.4

Mean

1
2
3

Test No.

4
5

EMI # 342

AV (mg)
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of AV based on the suggested guidelines by NTNU/SINTEF.

Classification of AVS based on the suggested guidelines by NTNU/SINTEF.

Classification of Bit Wear Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Classification of Cutter Life Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

≥ 44.0

High 15 - 34

≤ 10 ***
Very Low 11 - 20

Extremely High ≥ 75

Category AVS (mg) Sample Category

Low 4.0 - 12.9
Medium 13.0 - 25.9
High 26.0 - 35.9
Very High 36.0 - 43.9
Extremely High

Very Low 5 - 5.9

Extremely High ≥ 70

Category CLI Value Sample Category

Medium 11.0 - 27.9

High 45 - 55
Very High 56 - 69

Very High 42.0 - 57.9

Very Low 1.1 - 3.9

Low 21 - 30
Medium 31 - 44

Category BWI Value Sample Category

Extremely Low

Category AV (mg) Sample Category
Extremely Low ≤ 1.0 ***

Low 4.0 - 10.9

High 28.0 - 41.9

Extremely High ≥ 58.0

Extremely Low ≤ 1.0

Very Low 1.1 - 3.9

***

Low 6 - 7.9
Medium 8 - 14.9

Very High 35 - 74 ***

Extremely Low < 5

T5



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-18 NQ-13 @ 160.0-170.0
Characteristics:

Summary:

Note: for AVS < 0.1: AVS = 0.1

Note:

Operator: O F-AK Date:
Supervisor: OF Date:
Principal Investigator: J R Date:

AVS (mg) 2.4

DRI 69.1

BWI 1.4
CLI 55.4

AV (mg) 0.1

5/15/2018

Parameter Unit Value
S20 57.7
SJ (1/10 mm) 88.5

5/15/18

5/15/18

EMI # 342

T6



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-20-HQ-12&13 @ 133.4-135.8
Characteristics:

Density (g/cm3):

Moisture Condition: 
As-received Air-Dried X Oven-dried Saturated
Frozen: No

S20 (%): DRI
SJ (1/10 mm):

Stdev
S20 Picture

 

Operator: O F-AK Date:
Supervisor: O F Date:
Principal Investigator: J R Date:

EMI # 347

2 65.5 75

Test No. S20 (%) SJ (1/10 mm) DRI Comments

1 67.3 96

3

Mean 66.4 104.0 79.47

4
5 135
6

6/14/18

6/14/18

DRI Category: Very high

2.7

126

25.6

88

1.3

6/14/2018

104.0
66.4 79.47

T1



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-20-HQ-12&13 @ 133.4-135.8

Sievers' J-Values Chart

SJ Picture S20-SJ-DRI Chart

 

EMI # 347

6/14/2018
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of S20 Value based on 3001 tested samples in Norwegian Database.

Classification of Sievers' J-Values based on 2770 tested samples  in Norwegian Database.

Classification of Drilling Rate Index™ according to “13A-98 DRILLABILITY Test Methods”, 
Dept. of Civil and Transport Engineering, NTNU.

Medium 7.0 - 18.9
High 19.0 - 55.9

Low 4.0 - 6.9

***

Category

Category Brittleness Value (%) Sample Category
Extremely Low ≤ 29.0
Very Low 29.1 - 34.9
Low 35.0 - 40.9
Medium 41.0 - 50.9
High 51.0 - 59.9
Very High 60.0 - 65.9
Extremely High ≥ 66.0

Sievers' J Value (1/10 mm) Sample Category

Extremely High ≥ 83

Very Low 26 - 32
Low 33 - 42
Medium 43 - 57

Extremely Low ≤ 2
Very Low 2.0 - 3.9

Very High 70 - 82 ***

Very High 56.0 - 85.9

High 58 - 69

Extremely High ≥ 86.0 ***

Category DRI Value Sample Category
Extremely Low ≤ 25

T3



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc.  Date:
Project: Big Walnut
Core ID: B-20-HQ-12&13 @ 133.4-135.8
Characteristics:

AV (mg): BWI:

AVS (mg):

Note: for AVS < 0.1: AVS = 0.1

 

EMI # 347

AV (mg)

4
5

6/14/2018

CLI: 200.3

0.2 0.1

0.2 3.5

Mean

1
2
3

Test No. AVS (mg) BWI CLI Comments

0.1

Stdev
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0.2 0.1

90
80

D
R

I

60

70

30

50

40

0

10

20

30

40

50

60

70

80

0.5 5 50

Bi
t W

ea
r I

nd
ex

, B
W

I

Abrasion Value, AV

T4



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of AV based on the suggested guidelines by NTNU/SINTEF.

Classification of AVS based on the suggested guidelines by NTNU/SINTEF.

Classification of Bit Wear Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Classification of Cutter Life Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Low 6 - 7.9
Medium 8 - 14.9

Very High 35 - 74

Extremely Low < 5

High

Category AV (mg) Sample Category
Extremely Low ≤ 1.0 ***

Low 4.0 - 10.9

High 28.0 - 41.9

Extremely High ≥ 58.0

Extremely Low ≤ 1.0 ***

Very Low 1.1 - 3.9

Medium 11.0 - 27.9

High 45 - 55
Very High 56 - 69

Very High 42.0 - 57.9

Very Low 1.1 - 3.9

Low 21 - 30
Medium 31 - 44

Category BWI Value Sample Category

Extremely Low

Extremely High ≥ 75 ***

Category AVS (mg) Sample Category

Low 4.0 - 12.9
Medium 13.0 - 25.9
High 26.0 - 35.9
Very High 36.0 - 43.9
Extremely High

Very Low 5 - 5.9

Extremely High

≤ 10 ***
Very Low 11 - 20

≥ 70

Category CLI Value Sample Category

15 - 34

≥ 44.0

T5



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-20-HQ-12&13 @ 133.4-135.8
Characteristics:

Summary:

Note: for AVS < 0.1: AVS = 0.1

Note:

Operator: O F-AK Date:
Supervisor: OF Date:
Principal Investigator: J R Date:

EMI # 347

8/22/18

8/22/18

6/14/2018

Parameter Unit Value
S20 66.4
SJ (1/10 mm) 104.0

6 Sj test were performed. 5 tests were acceptable. 

AVS (mg) 0.1

DRI 79.5
AV (mg) 0.2

BWI 3.5
CLI 200.3

T6



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-20-HQ-14&15 @ 145.0-148.2
Characteristics:

Density (g/cm3):

Moisture Condition: 
As-received Air-Dried X Oven-dried Saturated
Frozen: No

S20 (%): DRI
SJ (1/10 mm):

Stdev
S20 Picture

Operator: O F-AK Date:
Supervisor: O F Date:
Principal Investigator: J R Date:

347

2 67.8 83

Test No. S20 (%) SJ (1/10 mm) DRI Comments

1 66.1 204

3 71.1

Mean 68.3 116.7 83.96

4
5
6

6/14/18

6/14/18

DRI Category: Extremely High

2.3

109

60.6

71

2.6

6/14/2018

116.7
68.3 83.96

EMI #

T1



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Date:Client Resource International, Inc. 
Project: Big Walnut
Core ID: B-20-HQ-14&15 @ 145.0-148.2

Sievers' J-Values Chart

SJ Picture S20-SJ-DRI Chart

347

6/14/2018
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of S20 Value based on 3001 tested samples in Norwegian Database.

Classification of Sievers' J-Values based on 2770 tested samples  in Norwegian Database.

Classification of Drilling Rate Index™ according to “13A-98 DRILLABILITY Test Methods”, 
Dept. of Civil and Transport Engineering, NTNU.

Medium 7.0 - 18.9
High 19.0 - 55.9

Low 4.0 - 6.9

***

Category

Category Brittleness Value (%) Sample Category
Extremely Low ≤ 29.0
Very Low 29.1 - 34.9
Low 35.0 - 40.9
Medium 41.0 - 50.9
High 51.0 - 59.9
Very High 60.0 - 65.9
Extremely High ≥ 66.0

Sievers' J Value (1/10 mm) Sample Category

Extremely High ≥ 83 ***

Very Low 26 - 32
Low 33 - 42
Medium 43 - 57

Extremely Low ≤ 2
Very Low 2.0 - 3.9

Very High 70 - 82

Very High 56.0 - 85.9

High 58 - 69

Extremely High ≥ 86.0 ***

Category DRI Value Sample Category
Extremely Low ≤ 25

T3



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc.  Date:
Project: Big Walnut
Core ID: B-20-HQ-14&15 @ 145.0-148.2
Characteristics:

AV (mg): BWI:

AVS (mg):

Note: for AVS < 0.1: AVS = 0.1
Stdev

0.55 2.35 5.5

EMI # 347

AV (mg) AVS (mg) BWI CLI Comments

2.3

4
5

6/14/2018

CLI: 62.2

0.4 3.6

0.6 5.5

Mean

1
2
3

Test No.

CLI Category: Very high

0.7 1.1

62.2 BWI Category: Extremely Low
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of AV based on the suggested guidelines by NTNU/SINTEF.

Classification of AVS based on the suggested guidelines by NTNU/SINTEF.

Classification of Bit Wear Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Classification of Cutter Life Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Medium 8 - 14.9

Very High 35 - 74 ***

Sample Category

Sample Category

Low 6 - 7.9

Extremely Low < 5

31 - 44

Category BWI Value

Extremely Low

Category CLI Value

Extremely Low

Extremely High ≥ 70

Category AV (mg) Sample Category
Extremely Low ≤ 1.0 ***

Low 4.0 - 10.9

≤ 1.0

Very Low 1.1 - 3.9

***

Medium 11.0 - 27.9

High 45 - 55
Very High 56 - 69

Very High 42.0 - 57.9

Very Low 1.1 - 3.9

Low 21 - 30
Medium

High 28.0 - 41.9

Extremely High ≥ 58.0

Extremely High ≥ 75

Category AVS (mg) Sample Category

Low 4.0 - 12.9
Medium 13.0 - 25.9
High 26.0 - 35.9
Very High 36.0 - 43.9
Extremely High

Very Low 5 - 5.9

≥ 44.0

High 15 - 34

≤ 10 ***
Very Low 11 - 20

T5



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Date:Client Resource International, Inc. 
Project: Big Walnut
Core ID: B-20-HQ-14&15 @ 145.0-148.2 
Characteristics:

Summary:

Note: for AVS < 0.1: AVS = 0.1

Note:

Operator: O F-AK Date:
Supervisor: OF Date:
Principal Investigator: J R Date:

EMI # 347

8/22/18

8/22/18

8 Sj tests were performed. 4 tests were acceptable. 

6/14/2018

Parameter Unit Value
S20 68.3
SJ (1/10 mm) 116.7

AVS (mg) 2.3

DRI 84.0

BWI 5.5
CLI 62.2

AV (mg) 0.6

T6



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-27-NQ-16 @ 161.3-164.6
Characteristics:

Density (g/cm3):

Moisture Condition: 
As-received Air-Dried X Oven-dried Saturated
Frozen: No

S20 (%): DRI
SJ (1/10 mm):

Stdev
S20 Picture

Operator: O F-AK Date:
Supervisor: O F Date:
Principal Investigator: J R Date:

347

2 69.2 109

Test No. S20 (%) SJ (1/10 mm) DRI Comments

1 73.9 84

3

Mean 71.6 96.2 83.61

4
5
6

6/14/18

6/14/18

DRI Category: Extremely High

2.5

18.03.4

6/14/2018

96.2
71.6 83.61

EMI #

T1



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-27-NQ-16 @ 161.3-164.6

Sievers' J-Values Chart

SJ Picture S20-SJ-DRI Chart
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of S20 Value based on 3001 tested samples in Norwegian Database.

Classification of Sievers' J-Values based on 2770 tested samples  in Norwegian Database.

Classification of Drilling Rate Index™ according to “13A-98 DRILLABILITY Test Methods”, 
Dept. of Civil and Transport Engineering, NTNU.

Medium 7.0 - 18.9
High 19.0 - 55.9

Low 4.0 - 6.9

***

Category

Category Brittleness Value (%) Sample Category
Extremely Low ≤ 29.0
Very Low 29.1 - 34.9
Low 35.0 - 40.9
Medium 41.0 - 50.9
High 51.0 - 59.9
Very High 60.0 - 65.9
Extremely High ≥ 66.0

Sievers' J Value (1/10 mm) Sample Category

Extremely High ≥ 83 ***

Very Low 26 - 32
Low 33 - 42
Medium 43 - 57

Extremely Low ≤ 2
Very Low 2.0 - 3.9

Very High 70 - 82

Very High 56.0 - 85.9

High 58 - 69

Extremely High ≥ 86.0 ***

Category DRI Value Sample Category
Extremely Low ≤ 25

T3



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc.  Date:
Project: Big Walnut
Core ID: B-27-NQ-16 @ 161.3-164.6
Characteristics:

AV (mg): BWI:

AVS (mg):

Note: for AVS < 0.1: AVS = 0.1

 

Stdev

3.50 0.15 10.1

EMI # 347

AV (mg) AVS (mg) BWI CLI Comments

0.2

4
5

6/14/2018

CLI: 166.4

6.2 0.2

3.5 10.1

Mean

1
2
3

Test No.

CLI Category: Extremely High

0.8 0.1

166.4 BWI Category: Very Low
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of AV based on the suggested guidelines by NTNU/SINTEF.

Classification of AVS based on the suggested guidelines by NTNU/SINTEF.

Classification of Bit Wear Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Classification of Cutter Life Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Medium 8 - 14.9

Very High 35 - 74

Sample Category

Sample Category

Low 6 - 7.9

Extremely Low < 5

31 - 44

Category BWI Value

Extremely Low

Category CLI Value

Extremely Low

Extremely High ≥ 70

Category AV (mg) Sample Category
Extremely Low ≤ 1.0

Low 4.0 - 10.9

≤ 1.0 ***

Very Low 1.1 - 3.9 ***

Medium 11.0 - 27.9

High 45 - 55
Very High 56 - 69

Very High 42.0 - 57.9

Very Low 1.1 - 3.9

Low 21 - 30
Medium

***

High 28.0 - 41.9

Extremely High ≥ 58.0

Extremely High ≥ 75 ***

Category AVS (mg) Sample Category

Low 4.0 - 12.9
Medium 13.0 - 25.9
High 26.0 - 35.9
Very High 36.0 - 43.9
Extremely High

Very Low 5 - 5.9

≥ 44.0

High 15 - 34

≤ 10
Very Low 11 - 20

T5



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-27-NQ-16 @ 161.3-164.6
Characteristics:

Summary:

Note: for AVS < 0.1: AVS = 0.1

Note:

Operator: O F-AK Date:
Supervisor: OF Date:
Principal Investigator: J R Date:

EMI # 347

8/22/18

8/22/18

6 Sj tests were performed, only 2 tests were acceptable. Sample broke during the tests because 
of existing foliation. 

6/14/2018

Parameter Unit Value
S20 71.6
SJ (1/10 mm) 96.2

AVS (mg) 0.2

DRI 83.6

BWI 10.1
CLI 166.4

AV (mg) 3.5

T6



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-27-NQ-17&18 @ 174.5-178.6
Characteristics:

Density (g/cm3):

Moisture Condition: 
As-received Air-Dried X Oven-dried Saturated
Frozen: No

S20 (%): DRI
SJ (1/10 mm):

Stdev
S20 Picture

 

Operator: O F-AK Date:
Supervisor: O F Date:
Principal Investigator: J R Date:

6/14/2018

81.8
63.8 74.72

1.6

6/14/18

6/14/18

DRI Category: Very high

2.1

85

5.8

89

Mean 63.8 81.8 74.72

4
5 74
6

3 62.1
2 65.2 82

Test No. S20 (%) SJ (1/10 mm) DRI Comments

1 64.1 78

EMI # 347

T1



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-27-NQ-17&18 @ 174.5-178.6

Sievers' J-Values Chart

SJ Picture S20-SJ-DRI Chart

 

6/14/2018
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of S20 Value based on 3001 tested samples in Norwegian Database.

Classification of Sievers' J-Values based on 2770 tested samples  in Norwegian Database.

Classification of Drilling Rate Index™ according to “13A-98 DRILLABILITY Test Methods”, 
Dept. of Civil and Transport Engineering, NTNU.

High 58 - 69

Extremely High ≥ 86.0

Category DRI Value Sample Category
Extremely Low ≤ 25

Extremely Low ≤ 2
Very Low 2.0 - 3.9

Very High 70 - 82 ***
Extremely High ≥ 83

Very Low 26 - 32
Low 33 - 42
Medium 43 - 57

Very High 56.0 - 85.9 ***

High 51.0 - 59.9
Very High 60.0 - 65.9 ***
Extremely High ≥ 66.0

Sievers' J Value (1/10 mm) Sample Category

Category Brittleness Value (%) Sample Category
Extremely Low ≤ 29.0
Very Low 29.1 - 34.9
Low 35.0 - 40.9
Medium 41.0 - 50.9

Category

Medium 7.0 - 18.9
High 19.0 - 55.9

Low 4.0 - 6.9

T3



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc.  Date:
Project: Big Walnut
Core ID: B-27-NQ-17&18 @ 174.5-178.6
Characteristics:

AV (mg): BWI:

AVS (mg):

Note: for AVS < 0.1: AVS = 0.1

 

0.3 3.2

49.4 BWI Category: Extremely Low

CLI Category: Very high

6/14/2018

CLI: 49.4
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Mean
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of AV based on the suggested guidelines by NTNU/SINTEF.

Classification of AVS based on the suggested guidelines by NTNU/SINTEF.

Classification of Bit Wear Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Classification of Cutter Life Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

≥ 44.0

High 15 - 34

≤ 10 ***
Very Low 11 - 20

Extremely High ≥ 75

Category AVS (mg) Sample Category

Low 4.0 - 12.9
Medium 13.0 - 25.9
High 26.0 - 35.9
Very High 36.0 - 43.9
Extremely High

Very Low 5 - 5.9

Medium 11.0 - 27.9

High 45 - 55
Very High 56 - 69

Very High 42.0 - 57.9

Very Low 1.1 - 3.9

Low 21 - 30
Medium

High 28.0 - 41.9

Extremely High ≥ 58.0

Extremely Low

Extremely High ≥ 70

Category AV (mg) Sample Category
Extremely Low ≤ 1.0 ***

Low 4.0 - 10.9

≤ 1.0

Very Low 1.1 - 3.9

***

Low 6 - 7.9

Extremely Low < 5

31 - 44

Category BWI Value

Extremely Low

Category CLI Value

Medium 8 - 14.9

Very High 35 - 74 ***

Sample Category

Sample Category

T5



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-27-NQ-17&18 @ 174.5-178.6
Characteristics:

Summary:

Note: for AVS < 0.1: AVS = 0.1

Note:

Operator: O F-AK Date:
Supervisor: OF Date:
Principal Investigator: J R Date:

AVS (mg) 3.0

DRI 74.7

BWI 7.0
CLI 49.4

AV (mg) 0.5

6/14/2018

Parameter Unit Value
S20 63.8
SJ (1/10 mm) 81.8

8/22/18

8/22/18

6 Sj tests were performed, 5 tests were acceptable

EMI # 347

T6



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-33-NQ-18 @ 173.9-178
Characteristics:

Density (g/cm3):

Moisture Condition: 
As-received Air-Dried X Oven-dried Saturated
Frozen: No

S20 (%): DRI
SJ (1/10 mm):

Stdev
S20 Picture

 

Operator: O F-AK Date:
Supervisor: O F Date:
Principal Investigator: J R Date:

6/14/2018

76.5
66.9 77.51

8.1

6/14/18

6/14/18

DRI Category: Very high

2.2

72

11.1

93

Mean 66.9 76.5 77.51

4
5
6

3 75.8

EMI # 347

2 64.8 74

Test No. S20 (%) SJ (1/10 mm) DRI Comments

1 60.1 67

T1



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-33-NQ-18 @ 173.9-178

Sievers' J-Values Chart

SJ Picture S20-SJ-DRI Chart

 

6/14/2018
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of S20 Value based on 3001 tested samples in Norwegian Database.

Classification of Sievers' J-Values based on 2770 tested samples  in Norwegian Database.

Classification of Drilling Rate Index™ according to “13A-98 DRILLABILITY Test Methods”, 
Dept. of Civil and Transport Engineering, NTNU.

Extremely Low ≤ 2
Very Low 2.0 - 3.9

Very High 70 - 82 ***

Very High 56.0 - 85.9 ***

High 58 - 69

Extremely High ≥ 86.0

Category DRI Value Sample Category
Extremely Low ≤ 25

Extremely High ≥ 83

Very Low 26 - 32
Low 33 - 42
Medium 43 - 57

High 51.0 - 59.9
Very High 60.0 - 65.9
Extremely High ≥ 66.0

Sievers' J Value (1/10 mm) Sample Category

Category Brittleness Value (%) Sample Category
Extremely Low ≤ 29.0
Very Low 29.1 - 34.9
Low 35.0 - 40.9
Medium 41.0 - 50.9

***

Category

Medium 7.0 - 18.9
High 19.0 - 55.9

Low 4.0 - 6.9

T3



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc.  Date:
Project: Big Walnut
Core ID: B-33-NQ-18 @ 173.9-178
Characteristics:

AV (mg): BWI:

AVS (mg):

Note: for AVS < 0.1: AVS = 0.1

 

0.1 1.5

Stdev

0.30 2.05 4.9 55.7 BWI Category: Extremely Low

CLI Category: Very high

AVS (mg) BWI CLI Comments

2.1

6/14/2018
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Mean
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of AV based on the suggested guidelines by NTNU/SINTEF.

Classification of AVS based on the suggested guidelines by NTNU/SINTEF.

Classification of Bit Wear Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Classification of Cutter Life Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

≥ 44.0

Very Low 11 - 20

≥ 70

Category CLI Value Sample Category

15 - 34

≤ 10 ***

Extremely High ≥ 75

Category AVS (mg) Sample Category

Low 4.0 - 12.9
Medium 13.0 - 25.9
High 26.0 - 35.9
Very High 36.0 - 43.9
Extremely High

Very Low 5 - 5.9

Extremely High

Medium 11.0 - 27.9

High 45 - 55
Very High 56 - 69

Very High 42.0 - 57.9

Very Low 1.1 - 3.9

Low 21 - 30
Medium 31 - 44

Category BWI Value Sample Category

Extremely Low

Category AV (mg) Sample Category
Extremely Low ≤ 1.0 ***

Low 4.0 - 10.9

High 28.0 - 41.9

Extremely High ≥ 58.0

Extremely Low ≤ 1.0

Very Low 1.1 - 3.9

***

Low 6 - 7.9
Medium 8 - 14.9

Very High 35 - 74 ***

Extremely Low < 5

High

T5



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-33-NQ-18 @ 173.9-178
Characteristics:

Summary:

Note: for AVS < 0.1: AVS = 0.1

Note:

Operator: O F-AK Date:
Supervisor: OF Date:
Principal Investigator: J R Date:

AVS (mg) 2.1

DRI 77.5
AV (mg) 0.3

5 Sj tests were performed, 4 testS were acceptable.  

BWI 4.9
CLI 55.7

6/14/2018

Parameter Unit Value
S20 66.9
SJ (1/10 mm) 76.5

8/22/15

8/22/15

EMI # 347

T6



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-43 -HQ-21 @ 171.2-174.3
Characteristics:

Density (g/cm3):

Moisture Condition: 
As-received Air-Dried X Oven-dried Saturated
Frozen: No

S20 (%): DRI
SJ (1/10 mm):

Stdev
S20 Picture

 

Operator: O F-AK Date:
Supervisor: O F Date:
Principal Investigator: J R Date:

EMI # 347

2 65.5 126

Test No. S20 (%) SJ (1/10 mm) DRI Comments

1 66.1 105

3 70.3

Mean 67.3 117.5 83.06

4
5 125
6

6/14/18

6/14/18

DRI Category: Extremely High

2.4

111

9.4

122

2.6

6/14/2018

117.5
67.3 83.06

T1



Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-43 -HQ-21 @ 171.2-174.3

Sievers' J-Values Chart

SJ Picture S20-SJ-DRI Chart

 

EMI # 347

6/14/2018
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of S20 Value based on 3001 tested samples in Norwegian Database.

Classification of Sievers' J-Values based on 2770 tested samples  in Norwegian Database.

Classification of Drilling Rate Index™ according to “13A-98 DRILLABILITY Test Methods”, 
Dept. of Civil and Transport Engineering, NTNU.

Medium 7.0 - 18.9
High 19.0 - 55.9

Low 4.0 - 6.9

***

Category

Category Brittleness Value (%) Sample Category
Extremely Low ≤ 29.0
Very Low 29.1 - 34.9
Low 35.0 - 40.9
Medium 41.0 - 50.9

Very High 56.0 - 85.9

High 51.0 - 59.9
Very High 60.0 - 65.9
Extremely High ≥ 66.0

Sievers' J Value (1/10 mm) Sample Category

Very High 70 - 82
Extremely High ≥ 83 ***

Very Low 26 - 32
Low 33 - 42
Medium 43 - 57
High 58 - 69

Extremely High ≥ 86.0 ***

Category DRI Value Sample Category
Extremely Low ≤ 25

Extremely Low ≤ 2
Very Low 2.0 - 3.9
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc.  Date:
Project: Big Walnut
Core ID: B-43 -HQ-21 @ 171.2-174.3
Characteristics:

AV (mg): BWI:

AVS (mg):

Note: for AVS < 0.1: AVS = 0.1

 

EMI # 347

AV (mg)

4
5

6/14/2018

CLI: 62.3

1.0 2.2

0.7 6.4

Mean

1
2
3

Test No. AVS (mg) BWI CLI Comments

2.3

Stdev

0.75 2.35 6.4 62.3 BWI Category: Extremely Low

CLI Category: Very high
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Classification of AV based on the suggested guidelines by NTNU/SINTEF.

Classification of AVS based on the suggested guidelines by NTNU/SINTEF.

Classification of Bit Wear Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Classification of Cutter Life Index™ according to “13A-98 DRILLABILITY Test Methods”,
Dept. of Civil and Transport Engineering, NTNU.

Low 6 - 7.9
Medium 8 - 14.9

Very High 35 - 74 ***

Extremely Low < 5

≤ 1.0

Very Low 1.1 - 3.9

***

31 - 44

Category BWI Value Sample Category

Extremely Low

Category AV (mg) Sample Category
Extremely Low ≤ 1.0 ***

Low 4.0 - 10.9

High 28.0 - 41.9

Extremely High ≥ 58.0

Extremely Low

Extremely High ≥ 70

Category CLI Value Sample Category

Medium 11.0 - 27.9

High 45 - 55
Very High 56 - 69

Very High 42.0 - 57.9

Very Low 1.1 - 3.9

Low 21 - 30
Medium

Extremely High ≥ 75

Category AVS (mg) Sample Category

Low 4.0 - 12.9
Medium 13.0 - 25.9
High 26.0 - 35.9
Very High 36.0 - 43.9
Extremely High

Very Low 5 - 5.9

≥ 44.0

High 15 - 34

≤ 10 ***
Very Low 11 - 20
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Colorado School of Mines
Earth Mechanics Institute

Rock Drillability Test 
According to guidelines of  

NTNU and SINTEF

Client Resource International, Inc. Date:
Project: Big Walnut
Core ID: B-43 -HQ-21 @ 171.2-174.3
Characteristics:

Summary:

Note: for AVS < 0.1: AVS = 0.1

Note:

Operator: O F-AK Date:
Supervisor: OF Date:
Principal Investigator: J R Date:

EMI # 347

6/14/18

6/14/18

6/14/2018

Parameter Unit Value
S20 67.3
SJ (1/10 mm) 117.5

AVS (mg) 2.3

DRI 83.1

BWI 6.4
CLI 62.3

AV (mg) 0.7

T6



 

 

 

 

 

 

 

 

 

 

J.9 DIRECT SHEAR LABORATORY RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 





Client: Resource International, Inc. 
Project Name: Big Walnut
Project Location: Ohio
GTX #:
Start Date:
End Date:
Tested By:
Checked By:
Boring ID:
Sample ID:
Depth, ft:
Visual Description: Rock Core with open joint

Test No.:
Specimen Diameter, in:
Specimen Length, in:
Specimen Mass, grams:
Specimen Area, in2:
Specimen Bulk Density, pcf
Shear Plane Area, in2

Normal Stress, psi:
Peak Shear Stress, psi:
Post Peak Shear Stress, psi:
Horiz. Displacement Rate, in/min:

Peak Friction Angle:
Peak Cohesive Intercept, psi:
Post-Peak Friction Angle:
Post-Peak Cohesive Intercept, psi:
JRC Roughness

Notes:

Actual strength parameters may vary and should be 
determined by an engineer for site-specific 
conditions.

B-47

tlm
jsc

Specimen cut to length using diamond tipped saw 
blade.  
Tested at as-received moisture content and density.

Sliding Friction Test of Rock by ASTM D5607

4.67 4.67

4.46 4.46
162 162

SF-1

12.3

2.38

314 314 314
1.65

2.38

'Hydro-Stone Super X' encapsulating compound used 
to mount specimen in test rings.

7/10/2019
7/11/2019

6.9 12.9

3.6
4-6 4-6 4-6

0.005 0.0050.005

40.4 80.9

15.2
4.0

308582

21.1

162
4.67

2.38

16.2
9.1 13.8 26.4

1.65 1.65

4.46

152.4-152.9
HQ-31
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Client: Resource International, Inc. 
Project Name: Big Walnut
Project Location: Ohio
GTX #: 308582
Start Date: 7/10/2019
End Date: 7/11/2019
Tested By: tlm
Checked By: jsc
Boring ID: B-47
Sample ID: HQ-31
Depth, ft: 152.4-152.9
Visual Description: Rock Core with open joint

 

 

Pre-Test

Post-Test
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Client: Resource International, Inc.
Project Name: Big Walnut
Project Location: Ohio
GTX #:
Start Date:
End Date:
Tested By:
Checked By:
Boring ID:
Sample ID:
Depth, ft:
Visual Description:

Test No.:
Specimen Diameter, in:
Specimen Length, in:
Specimen Mass, grams:
Specimen Area, in2:
Specimen Bulk Density, pcf
Shear Plane Area, in2

Normal Stress, psi:
Peak Shear Stress, psi:
Post Peak Shear Stress, psi:
Horiz. Displacement Rate, in/min:

Peak Friction Angle:
Peak Cohesive Intercept, psi:
Post-Peak Friction Angle:
Post-Peak Cohesive Intercept, psi:
JRC Roughness

Notes:

Actual strength parameters may vary and should be 
determined by an engineer for site-specific 
conditions.

B-47

tlm
jsc

Rock Core

Specimen cut to length using diamond tipped saw 
blade.  
Tested at as-received moisture content and density.

Direct Shear Test of Rock by ASTM D5607

4.42 4.39

4.46 4.39
179 167

DS-1

33.3

2.38

697 563 516
3.32

2.36

'Hydro-Stone Super X' encapsulating compound used 
to mount specimen in test rings.

7/10/2019
7/10/2019

15.0 15.3

0
4-6 2-4 8-10

0.005 0.0050.005

40.4 80.9

61.0
0

308582

57.9
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4.46

2.37

16.2
25.5 32.5 167

2.91 2.69

4.42

156.80-157.06
HQ-32
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0

50

100

150

200

250

300

0 50 100 150 200 250 300

S
he

ar
 S

tr
es

s,
 p

si

Normal Stress, psi

Post-Peak

Peak

0

50

100

150

200

250

300

0.0 0.1 0.2 0.3 0.4 0.5

S
he

ar
 S

tr
es

s,
 p

si

Shear Displacement, in

16.2 psi 40.4 psi 80.9 psi

-0.40

-0.30

-0.20

-0.10

0.00

0.10

0.20

0.30

0.40

0.0 0.1 0.2 0.3 0.4 0.5

N
or

m
al

 D
is

pl
ac

em
en

t,
 in

Shear Displacement, in

16.2 psi 40.4 psi 80.9 psi

Page 1 of 2



Client: Resource International, Inc.
Project Name: Big Walnut
Project Location: Ohio
GTX #: 308582
Start Date: 7/10/2019
End Date: 7/10/2019
Tested By: tlm
Checked By: jsc
Boring ID: B-47
Sample ID: HQ-32
Depth, ft: 156.80-157.06
Visual Description: Rock Core

 

Point 1
Normal Stress, psi:

16.17

Post-Test
 

Point 2
Normal Stress, psi:

40.43

Post-Test
 

Point 3
Normal Stress, psi:

80.86

Post-Test

Pre-Test

Pre-Test

Pre-Test
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J.10 PH LABORATORY RESULTS 

 

  

 

 

 

 

 





6350 Presidential Gatew. 9885 Rockside Road
Engineering Consultants Columbus, OH 43231 Cleveland, OH 44125

Phone (614) 823-4949 Phone (216) 573-0955

4480 Lake Forest Drive

Cincinnati, Ohio 45242

Phone (513) 769-6998

Project:  Big Walnut Sanitary Trunk Extension PH2 pH testing date:

Project No.: W‐15‐012 Material tested:

Boring Drilled: Drilled 4/3/19‐4/5/19 by Cascade Drilling

Boring Method: Sonic Drilling, angled boring

RC‐3 167.0 3.78

Soil Pocket 168.0‐170.5 3.94

Soil Pocket 170.5‐173.0 4.06

Remarks: 

(ASTM D4972  Method A)

Samples were obtained from stored but previously opened soil bags and rock core box 

7/12/2019

P10 material

B‐21B

B‐21B

B‐21B

Sample IDBoring Depth (feet)

             RESOURCE INTERNATIONAL, INC.

24.5

7/12/2019 3.71 24.2

pH of Soils

3.90 24.2

Date Tested pH in water pH in calcium 
chloride sol.

Temperature 
(Co)

7/12/2019

7/12/2019 3.22

on 7/9/19.
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