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1.0 EXECUTIVE SUMMARY  

This report presents the results of our subsurface exploration and laboratory testing for the proposed 
Education and Health Sciences Center (EHSC) in Frostburg, Maryland for Ayers Saint Gross and 
University of Maryland.  Based on our soil test boring data and the proposed construction information, we 
have developed the following summary of our major conclusions and recommendations.  Detailed 
recommendations are presented in the body of the report. 
 

 The proposed Education and Health Sciences Center (EHSC) will be located to the west of the 
Lane Center and north of the Cordts Physical Sciences Center.  The site is currently occupied by 
a gravel parking lot, green areas and Stadium Road. Stadium Road will be re-routed.  
 

 
pillar mining methods.  The two-mined coal seams directly below the site are the Tyson seam and 
the Pittsburgh seam.  Based on our investigation, neither the Tyson nor the Pittsburgh mines 
below the site have been stabilized/treated. 
 

 Our subsurface exploration included drilling 16 building borings, two of these borings extended 
through the Pittsburgh coal seam and mine workings.  The remaining 14 borings extended 
through the Tyson seam and mine workings but terminated above the level of the Pittsburgh coal 
seam.  Additionally, 12 borings were drilled to shallow depths for pavement and stormwater 
management purposes. 
 

 Deep fill and probable fill were encountered in the building borings to depths ranging between 7.5 
to 20 ft below existing grades, or between EL +1917 (ft) and EL +1905 (ft).  Below the fill material, 

relatively firm residual clay and sand underlain by disintegrated rock and bedrock was 
encountered.   
 

 The Tyson coal seam / mine level was observed around 44 to 69 ft below surface grades, or 
between about EL + 1875 (ft) and EL +1863 (ft).  Voids were encountered within five of the 
building borings at the Tyson level and some evidence of partial collapse into the voids was 
observed.  Additionally, partial to fully collapsed conditions were observed in four other borings 
where coal was not encountered at the Tyson coal seam level.  Given the frequency of voids, 
evidence of collapse, relatively shallow depth of the Tyson mine and limited available mine maps 
for the site, we recommend that the Tyson mine be stabilized with injected grout fill.   
 

 The two borings advanced through the Pittsburgh coal seam level revealed voids along with 
partial collapse.  However, given the depth to the Pittsburgh level, about 140 to 145 ft below 
existing grades, and that mining activities of this coal seam ceased at the site in the early 
the potential for subsidence is considered low.  Please note that no borings were advanced along 
the west and southwest portions of the proposed building footprint, as the orientation of the 
building was re-established after drilling was completed at the site.  We highly recommend that 
additional borings be drilled along the west and southwest portions of the building to assess 
whether or not the Pittsburgh mine is shallower in this area.  If the mine is shallower than the 
other two drilled locations advanced through the Pittsburgh mine level, it may be necessary to 



Ayers Saint Gross 
Education and Health Sciences Center (EHSC)
 
 

September 13, 2019 Page 2 Schnabel Engineering DC, Inc. 
Project 18C41028  ©2019 All Rights Reserved 

grout this mine level.  If additional borings are not advanced, it would be prudent to grout the 
Pittsburgh mine level.  A final mine assessment report has been issued separately describing our 
findings and recommendations in more detail. 
 

 Considering a proposed lowest level at EL +1924 (ft), we anticipate between 7.5 and 17 ft of 
existing fill will be present below the proposed lowest level and in some areas, new compacted fill 
of up to 7 ft will need to be placed to reach the proposed lowest level.  Column loads will range 
between about 170 and 725 kips.  Considering the presence of existing fill, placement of new 
existing fill required to reach the lowest level, and that the Tyson mine level will be grouted, deep 
foundations or spread footings founded on compacted aggregate piers are recommended for 
support of the building.  
 

 Drilled shafts founded on bedrock are recommended for support of the building.  Drilled shafts 
founded on the bedrock of Stratum D can be designed for an allowable capacity of 30 tsf.  
Additional details are provided herein. 
 

 Alternatively, the building can be supported on spread footings founded on compacted aggregate 
piers.  Compacted aggregate piers would extend into the relatively firm natural residual soils.  
Spread footings founded on compacted aggregate piers can be designed for an allowable 
composite bearing pressure of about 6,000 psf.   
 

 The proposed floor slabs can be supported on the firm existing fill soil of Stratum A or new 
compacted structural fill.  A modulus of subgrade reaction, k, of 100 kcf should be used in the 
design of floor slabs.  
 

 We evaluated the Seismic Site Class for this project according to the International Building Code 
(IBC) Section 1613 (2015).  Our analysis indicates Site Class D for this location.     
 

 The building will be slab on grade with a lowest level at EL +1924 (ft) and will have no below-
grade levels.  Based on our groundwater observations during drilling, we anticipate groundwater 
to be well below the lowest level.  Therefore, no underfloor subdrainage beyond the gravel 
capillary moisture barrier below the slab will be required.  Recommendations for subdrainage 
behind below-grade walls are not included, as the building will not extend below-grade.  However, 
if any walls do extend below-grade additional recommendations for subdrainage and lateral earth 
pressures will need to be provided.   
 

 Several small retaining walls, with maximum wall heights of less than 5 ft, and one 10-ft high 
retaining wall in the area of the loading dock are proposed.  Lateral earth pressure 
recommendations for retaining walls are provided herein. 
 

 The results of our corrosion series testing on four composite samples were used to rank the 
corrosion potential of soils at the site to buried metallic structures.  A ranking of 9 to 14 was 
determined for the soil samples tested.  Based on our evaluation of the corrosion series testing 
and the AWWA ranking system, two soil samples indicated that on-site soils are considered to be 
non-corrosive to metallic pipes, and the other two soil samples indicated that the on-site soil is 
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potentially corrosive.  Accordingly, the on-site soil may conservatively be presumed as potentially 
corrosive to the metallic pipes.    
 

 Please note that the building footprint changed after the completion of our subsurface 
investigation and we highly recommend drilling additional borings along the west / southwest 
portion of the new building footprint.  This final report has been prepared per your request without 
drilling any additional borings.  The depth to the Pittsburgh mine level may be shallower than the 
depths encountered in the completed subsurface investigation and grouting (partial or in full) of 
this level may be required. 

We are providing this executive summary solely for purposes of overview.  Any party that relies on this 
report must read the full report.  This executive summary omits several details, any one of which could be 
very important to the proper application of the report. 

 



Ayers Saint Gross 
Education and Health Sciences Center (EHSC)
 
 

September 13, 2019 Page 4 Schnabel Engineering DC, Inc. 
Project 18C41028  ©2019 All Rights Reserved 

2.0 SCOPE OF SERVICES 

Our proposal dated March 21, 2018, and incorporated into the AIA Agreement dated May 16, 2018 
defines the scope of services for this project.  The scope of services includes the following: 

 Estimated subsurface conditions and groundwater levels within the area explored based on data 
collected in the subsurface exploration, including the presence of potentially expansive and 
corrosive materials or conditions, as applicable. Up to four subsurface profiles are included. 

 Foundation requirements including a net allowable soil bearing pressure, bearing grades and 
estimated settlements for spread footings, or deep foundation recommendations, if required. 

 Comments regarding underpinning existing, adjacent foundations, if applicable. 

 Recommended Seismic Site Class in accordance with IBC 2015 for use in foundation design 
based on an extrapolation of data collected in the subsurface exploration.   

 Recommendations for floor slab support, including a recommended modulus of subgrade reaction 
for use in slab design and capillary moisture barrier recommendations. 

 Earthwork recommendations for the construction of load-bearing fill including an assessment of 
on-site soils for use as fill, subgrade preparation, and compaction criteria. 

 Recommendations regarding permanent subdrainage design and installation. 

 Recommended asphaltic concrete pavement sections (flexible pavement) based on traffic loading 
to be provided to us and an assumed CBR Bearing Ratio (CBR). 

 Evaluation of rock excavation considerations including a sample definition for rock, if applicable. 

 Construction considerations related to the implementation of our recommendations. 

 Recommendations for additional studies. 
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3.0 DESCRIPTION OF SITE AND PROPOSED CONSTRUCTION 

We understand that a new building  the Education and Health Sciences Center (EHSC)  is planned at 
Frostburg State University in Frostburg, Maryland.  The building will be bounded by Lane University 
Center and the Hitchins Administration Building to the east, Cordts Physical Education Center to the 
south, the baseball field to the west, and the Ort Library to the north.  A Site Vicinity Plan is included as 
Figure 1.  The area is currently occupied by landscaped and grass areas, University Lane, and a gravel 

parking area.  Existing grades increase from about EL +1915 (ft) in the west up to EL +1937 (ft) in the 
east.  A retaining wall runs along the eastern border of the subject site.  

Considering a proposed lowest level at EL +1924 (ft), we anticipate between 7.5 and 17 ft of existing fill 
will be present below the proposed lowest level.  Additionally, cuts of up to 11 ft and placement of new 
compacted fill up to 7 ft will be required to reach the proposed lowest level.  Column loads will range 
between about 170 and 725 kips.  We understand that several smaller retaining walls are planned, with 
minor wall heights of less than 5 ft.  Additionally, we understand that a 10-ft high new retaining wall is 
planned in the loading dock area. 
 
The nearby Cordts Physical Education Center has a lowest level at EL +1924 (ft) and the nearby Lane 
Center has a lowest level at EL +1933 (ft).  No information regarding what type of foundations the Cordts 
Center or Lane Center are supported on is available at this time.  The proposed EHSC is about 50 ft 
away from the Cordts Center and 30 ft away from the Lane Center.      

We obtained the site information from the topographic site plan dated July 11, 2018, prepared by AULtec, 
and through our site visits. Cagley and Associates, Inc., provided the structural loading information and 
your office provided an updated building layout on October 3, 2018, and supplied the proposed lowest 

level elevation. 
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4.0 SUBSURFACE EXPLORATION PROGRAM 

We performed a subsurface exploration program to identify the subsurface stratigraphy underlying the 
site and to evaluate the geotechnical properties of the materials encountered.  This program included test 
borings.  Exploration methods used are discussed below.  

Select soil and rock samples were tested for classification, corrosion potential, and other strength 
properties to aid in the development of our geotechnical recommendations.  The appendices to this report 
contain the results of our exploration and laboratory testing.   

4.1 Test Borings 

Our subcontractor, Triad Engineering, Inc., drilled 28 test borings under our observation between June 
25, 2018, and July 27, 2018.  The Standard Penetration Test (SPT) was performed at selected depths in 
the borings.  Borings B-17 through B-28 were drilled to 15 ft each for pavement and stormwater 
management considerations, borings B-2 and B-15 were drilled to approximately 200 ft below the ground 
surface for building and mine considerations, and the remaining borings were drilled to approximately 100 
ft beneath the ground surface for building and mine considerations.  Appendix A includes specific 

observations, remarks, and logs for the borings, classification criteria, drilling methods, and sampling 
protocols.  Figure 2 included at the end of this report, indicates the approximate test boring locations.   

Please note that all soil samples and rock cores will be discarded 45 days from the issuance of this 
report. 

4.2 Laboratory Testing 

Laboratory tests were performed on selected soil and rock samples obtained during the subsurface 
exploration.  The tests included performing index tests and determining moisture content, corrosivity, and 
testing the unconfined compressive strength of four rock samples.  The testing aided in the classification 
of materials encountered in the subsurface exploration and provided data for use in the development of 
recommendations for the design of foundations and earthwork.  Moisture contents and index test results 
are shown on the boring logs in Appendix A.  The remainder of the test results are included in Appendix 
B.  
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5.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 

During our exploration, we encountered the following stratigraphy: 

 Stratum A: Existing Fill and Probable Fill  

 Stratum B1:  Fine-Grained Residual Soils 

 Stratum B2: Coarse-Grained Residual Soils 

 Stratum C: Disintegrated Rock 

 Stratum D: Bedrock 
 
Bedrock consisted predominantly of shale, siltstone, and coal of the Pennsylvanian age Monongahela 
Group formation.  The majority of Frostburg State University land has been mined for coal.  Coal mining 
activiti
Three named coal seams (the Tyson, the Redstone, and the Pittsburgh, from stratigraphic high to low 
elevation) were encountered within Stratum D. 

5.1 Generalized Subsurface Stratigraphy 

We characterized the following generalized subsurface stratigraphy based on our recent subsurface 
exploration and laboratory test data included in Appendix A and Appendix B, respectively.  The strata 

designations do not imply continuity of materials encountered elsewhere on-site but reflect the general 
description and characteristics of the subsurface materials at the boring locations. 

Ground Cover: (Topsoil or Pavement) 

At the majority of the boring locations, up to 7 inches of topsoil, or about 3 to 4 inches of asphalt 

overlaying 2 to 7 inches of gravel base was encountered at the ground surface.  At boring B-2, 
which was located in a concrete sidewalk, 5 inches of concrete over 4 inches of gravel was 
encountered.  These depths may vary at other locations at the site.    

Stratum A:  Fill and Probable Fill 

Below the ground cover materials to depths ranging from 2.5 to 20 ft below the ground surface, 
the borings encountered fill and probable fill soils generally consisting of silty sand, sandy silt, 
clayey sand, lean clay, silty gravel with sand, poorly graded gravel, clayey gravel, sandy lean 
clay, and sandy fat clay, containing various amounts of gravel, roots, clay pockets, rock 
fragments (shale and sandstone), brick, asphalt, concrete fragments, clayey sand pockets, wood 
chips, cemented sands, grass, and wood fragments.  Seven jar samples of Stratum A were tested 
for moisture content, Atterberg limits, and gradation.  Six additional jar samples of Stratum A were 
tested for moisture content.  Three samples classified as sandy LEAN CLAY (CL), two classified 
as clayey GRAVEL with sand (SC), one classified as clayey SAND (SC), and the seventh 
classified as silty GRAVEL with sand (GM).  The silty GRAVEL with SAND (GM) sample exhibited 
non-plastic characteristics.  The remaining samples had liquid limits ranging between 24 and 46 
and plasticity indexes ranging between 8 and 30.  The amount of material passing through No. 
200 sieve ranged between 17 percent and 60 percent.  Moisture contents for the Stratum A 
tested samples ranged between 4.2 percent and 17.5 percent.  Based on the Standard 
Penetration Tests (SPTs), this stratum exhibits generally variable density and consistency.  SPT 
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N-values within this stratum ranged from 2 blows per foot (bpf) to 57 blows over 8 inches of 
penetration.  

Stratum B1:  Residual Deposits (Fine Grained) 

Below the Stratum A soils and interbedded with Stratum B2 soils to depths of up to 35 ft below 
the ground surface, the majority of the borings encountered a fine grained residual deposit 
consisting of brown, reddish brown, yellowish red, dark red, yellowish brown, light brown, gray, 
black, and orangish brown sandy LEAN CLAY (CL), sandy LEAN CLAY with gravel (CL), LEAN 
CLAY and LEAN CLAY with sand (CL), FAT CLAY and  sandy FAT CLAY (CH), containing 
various amounts of rock fragments (sandstone and shale), gravel, cemented sands and trace, 
thin coal seams.  Two jar samples of Stratum B1 were tested for moisture content, Atterberg 
limits, and gradation.  One additional jar sample of Stratum B1 was tested for only moisture 
content.  One sample classified sandy LEAN CLAY (CL) and the second sample classified as 
sandy LEAN CLAY with gravel (CL).  Liquid limits ranged between 35 and 36 and plasticity 
indexes ranged between 14 and 16.  The amount of material passing through No. 200 sieve 
ranged between 57 percent and 58 percent.  Moisture contents for the Stratum B samples ranged 
between 14.1 percent and 17.4 percent.  Based on the SPT results, this stratum was generally 
medium stiff to hard (SPT values varied from 7 bpf to 40 bpf).   

Stratum B2:  Residual Deposits (Coarse Grained) 

Below the Stratum A soils and interbedded with Stratum B1 soils to depths of up to 57.5 ft below 
the ground surface, 15 of the borings encountered an fine grained residual deposit consisting of 
brown, dark reddish brown, yellowish brown, reddish brown, dark brown, black, gray and dark 
gray silty SAND (SM), clayey SAND (SC), silty, clayey SAND with gravel (SC-SM), poorly graded 
GRAVEL (GP), sandy SILT (ML), silty GRAVEL (GM), silty GRAVEL with sand (GM) clayey 

GRAVEL with sand (GC), containing various amounts of rock fragments (sandstone and shale) 
and trace amounts of quartz fragments.  Two jar samples of Stratum B2 was tested in our soil 
laboratory for moisture content, Atterberg limits, and gradation.  One sample classified as silty, 
clayey SAND with gravel (SC-SM) and the other sample classified as poorly graded GRAVEL 
(GP).  The poorly graded GRAVEL (GP) sample exhibited non-plastic characteristics and the 
amount of material passing through the No. 200 sieve was 1.4 percent.  The moisture content of 
the sample was 1.8 percent.  The silty, clayey SAND with gravel (SC-SM) sample had a liquid 
limit of 22 and plasticity index of 7 and the amount of material passing through the No. 200 sieve 
was 40 percent.  The moisture content of the sample was 10.1 percent.  Based on the SPT 
results, this stratum was generally loose to very dense (SPT values varied from 7 bpf to 59 bpf).   

Stratum C:  Disintegrated Rock 

Below Stratum B1 and below and interlayered with Stratum B2, borings B-1 through B-4, borings 
B-6 through B-11, and B-13 through B-16 (the deeper borings) encountered DISINTEGRATED 
ROCK material to depths up between 30.9 ft and 50 ft below the ground surface.  The 
DISINTEGRATED ROCK sampled as gray, dark gray, brown, reddish brown, black, yellowish 
brown, and dark brown silty gravel, silty gravel with sand, silty gravel, sandy silt, silty sand, 
containing various amounts of rock fragments (shale and sandstone).  At boring B-8, from 30 to 
35 ft below surface grades, predominately coal fragments were encountered.  SPT N-values 
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varied from 80 bpf to 50 blows per 0 inches of penetration, indicating that this stratum is generally 
very dense. 

Stratum D:  Bedrock 

Below the disintegrated rock of Stratum C, Stratum D bedrock was encountered to the 
termination depths of the deeper building borings (B-1 through B-16).  The bedrock consisted 
predominantly of light to dark gray interbedded shale, siltstone, and black coal of the 
Pennsylvanian age Monongahela Group formation.  Bedrock depths at the site are known to be 
highly variable.  The bedrock was typically weak to medium strong in the shale and siltstone, and 
very weak to weak in the coal, highly to slightly weathered in the shale and siltstone, fresh in the 
coal, intensely to moderately fractured in the shale and siltstone, and intensely to highly fractured 
(occasionally moderately fractured) in the coal.  The siltstone and shale were typically stronger 
and less fractured than the coal.  
 
Three named coal seams (the Tyson, the Redstone, and the Pittsburgh, from stratigraphic high to 
low elevation) were encountered within Stratum D.  Voids were encountered in five borings at the 
Tyson coal seam level (borings B-2, B-4, B-9, B-14, and B-15).  The Pittsburgh coal seam level 
was encountered in the two, 200 ft borings (B-2 and B-15).  In B-2, the Pittsburgh coal seam level 
was observed as a void and a piece of wood was recovered (potentially a timber support), and in 
B-15, it was observed as a void in-between two thinner layers of coal.  
 
Recovery values within Stratum D were highly variable but typically good (>85 percent) below the 
first 10-20 ft of rock coring.  Recovery is defined as the total recovered core length in a run divided 
by the total core run length, as a percentage.  However, generally lower recovery values (<85 
percent) were observed within the top 10 to 15 ft of rock coring, which is believed to be associated 

with collapse above the Tyson coal seam level.  Recovery was also low within the Redstone coal 
seam and was generally attributed to the coal washing away during drilling and is not believed to 
be associated with voids.  
 
Rock Quality Designation (RQD) is defined as the sum of sound core pieces greater than or equal 
to 4 inches in length divided by the core run total length, as a percentage.  RQD values were quite 
variable. Generally, lower RQD values were encountered in the coal, and in roof collapse zones 
above mined coal horizons.  These values ranged between 0 and 18 percent in the Tyson coal 
seam level and between 0 and 25 percent in the Pittsburg coal seam level.  Typically, higher RQD 
values were observed below the Tyson and Pittsburgh coal seam levels in siltstone and shale. 
 
Unconfined compressive strength of intact rock core specimens was conducted on four samples 
of the Stratum D Bedrock.  Three of the samples were taken from shale above the Tyson coal 
seam, within the first 10 ft of rock coring and the fourth sample was taken from just below the 
Tyson coal seam.  The unconfined compressive strengths for these samples ranged from 1,320 
psi to 1,720 psi.   

 
Residual soils are derived through the in-place physical and chemical weathering of the underlying rock.  
Disintegrated rock is defined as residual material with SPT N values between 60 blows per foot and 
refusal.  Refusal is defined as an N value of 100 blows for a penetration of 2 inches or less.  Disintegrated 
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rock and bedrock was encountered in all of the deep borings (borings B-1 through B-16).  We observed 
refusal on rock in these borings at depths of 30.1 to 57.5 ft below existing grades, or about EL +1895 (ft) 
to EL +1867.4 (ft). 
The soil group symbols, indicated on the boring logs and in the generalized subsoil stratum descriptions 
above, represent the Unified Soil Classification System (USCS) group symbols and are based on visual 
observation of the specimens recovered, per ASTM D-2488.  The criteria for visual identification of soil 
specimens are presented in Appendix A.  It should be noted that there may be differences between 

visual classifications and laboratory classifications based on ASTM D-2487. 

5.2 Groundwater 

Encountered 

During the subsurface exploration, groundwater was encountered in building borings B-13, B-16, and B-
22 at depths between 7 and 31 ft below the ground surface, or about EL +1909 (ft) to EL +1887.5 (ft).  No 
groundwater was encountered in the remainder of the building borings.  Groundwater was also not 
encountered in the shallow, 15-ft borings (B-17 through B-28).   
 
Upon Completion 

At the building boring locations upon completion of drilling, prior to pulling augers, groundwater was 
observed at depths between 6.5 and 185 ft below the ground surface, or from EL +1919.3 (ft) to EL 
+1740.1 (ft), except at borings B-9, B-12, and B-14 where dry conditions were observed.  The shallower 
groundwater observed is likely from water added to the borings during rock coring.  At the completion of 
drilling, prior to pulling augers, the 15-ft borings (B-17 through B-28) were dry.  
 
Casing / Augers Pulled 

After augers were pulled, temporary PVC pipe was installed to prevent upper sidewall cave-in at eight (8) 

building boring locations.  Of the remaining building borings, three (B-7, B-9, and B-14) were grouted 
upon completion and at four locations rock core casing was left in place until a long-term water level 
reading could be obtained.  In Boring B-6, after augers were pulled and borehole sidewalls caved in, 
water was observed at 70 ft or EL +1850.2 (ft), and boring sidewall cave-in was observed at 85.4 ft, or EL 
+1834.8 (ft).   
 
At the shallow boring locations, B-17 through B-19 and B-21 through B-28, borings were observed to be 
dry, and borehole sidewall cave-in was observed between 9 and 11.5 ft below existing grades, or 
between EL +1907.8 (ft) and EL +1903.9 (ft).  At boring B-20, temporary PVC pipe was installed to 
prevent sidewall cave-in.   
 
Twenty-Four (24) Hour Groundwater Level Readings 

Twenty-four (24) hour groundwater level readings were taken at 13 of the building boring locations, B-1 
through B-6, B-8, B-10 through B-13, B-15, and B-16.  As noted above, temporary PVC pipe was installed 
or casing was left in place to prevent upper sidewall cave-in at most of the locations, except at boring B-6 
where sidewalls were allowed to cave.  After 24-hours, groundwater at the PVC pipe/cased building 
borings locations was observed between depths of 26.8 and 123.3 ft below existing grades, or between 
about EL +1891.7 (ft) and EL +1802.6 (ft).  After 24 hours, groundwater in boring B-6 was observed at 
33.1 ft below the ground surface, or at about EL +1886.9 (ft), and boring sidewalls caved to 36 ft below 
the ground surface or to EL +1884 (ft). 
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As noted above, a temporary PVC pipe was installed in shallow boring B-20 to prevent sidewall cave-in 
and to obtain a 24-hour groundwater level reading.  After 24-hours, groundwater at boring B-20 was 
observed at a depth of 10.5 ft below the ground surface, or at about EL +1906.3 (ft).  A 48-hour 
groundwater level reading was also taken at shallow boring B-20 and groundwater was observed at a 
depth of 8 ft below the ground surface, or at about EL +1909.3 (ft) 

At the remaining eleven shallow boreholes, end of day readings were taken before backfilling, and no 
groundwater was observed in these borings.  The end-of-day boring sidewalls caved in-between depths 
of 8.8 and 11.5 ft below existing grades, or between EL +1910.6 (ft) and EL +1904 (ft).   

The groundwater levels on the logs indicate our estimate of the hydrostatic water table at the time of our 
subsurface exploration.  The final design should anticipate the fluctuation of the hydrostatic water table 
depending on variations in precipitation, surface runoff, pumping, evaporation, leaking utilities, and similar 
factors.   

5.3 Laboratory Testing 

5.3.1 Corrosion Potential Testing 

A total of four samples, three from Stratum A and one from Stratum B2, were tested for resistivity, redox 
potential, sulfides, sulfate content, chloride content, and pH.  These results are provided in Appendix B.  

The table below summarizes these results: 
 

Table 5.1 Summary of Corrosivity Test Results 

Boring 
Number 

USCS 
Classification 

Sample 
Depth (ft) 

Resistivity 
(ohm-cm) 

Redox 
Potential 

(mV) 

Chloride 
(mg/kg) 

Sulfate 
(mg/kg) 

pH 

B-3 
sandy LEAN 
CLAY with 
gravel (CL) 

2.5-6.5 1400 267 650 78 4.3 

B-7 
clayey 

GRAVEL with 
sand (GC) 

8.5-11.5 1700 284 250 < 56 4.6 

B-12 
poorly graded 
GRAVEL (GP) 

35.0-41.5 1000 277 < 51 200 6.7 

B15 
clayey 

GRAVEL with 
sand (GC) 

2.5-6.5 1400 262 210 < 58 7.0 

Note: Soil samples were also tested for sulfides content. Sulfides were not detected in any of the 
samples. 

5.3.2  Rock Strength Testing 

Our laboratory performed Unconfined Compressive Strength (UCS) testing on four rock samples of the 
Stratum D Bedrock.  Three of the samples were taken from shale above the Tyson coal seam, within the 
first 10 ft of rock coring and the fourth sample was taken from just below the Tyson coal seam.  These 
tests were performed in accordance with ASTM D 7012 Method C.  The unconfined compressive strength 
(UCS) of the samples tested ranged from 1,320 psi to 1,720 psi.  The results of the testing are provided 
on the boring logs in Appendix A and summarized in Appendix B.  
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 5.4 Seismic Site Classification 

We evaluated the Seismic Site Class for this project according to the 2015 International Building Code 
(IBC).  Our analysis indicates Site Class D for this location.  This Site Class was evaluated based on 
uncorrected SPT values.   

5.5 Corrosion Considerations 

The results of the corrosion series testing presented in Table 5.1 were used to evaluate the corrosion 

potential per American Water Works Association (AWWA) Specification C105 for the ferrous metals and 

per National Association of Corrosion Engineers Standard Practice NACE SP0187-2008. 

 AWWA Specification C105 includes a procedure for ranking soils on a 10-point scale to evaluate whether 
the soils are potentially corrosive to cast iron.  This standard also includes recommendations for providing 
corrosion protection of cast-iron pipes that are installed in soils that have a ranking of 10 or greater.  
Although the specification is specific for ductile iron pipes, the AWWA ranking system is widely used to 
evaluate the corrosion potential in other ferrous metals based on the similar behavior of cast iron and 
steel when exposed to corrosive environments. 
 
The results of our corrosion series testing on four composite samples were used to rank the corrosion 
potential of soils at the site to buried metallic structures.  A ranking of 9 to 14 was determined for the soil 
samples tested.  Based on our evaluation of the corrosion series testing and the AWWA ranking system, 
two of the tested soil samples indicated that the on-site soils are considered to be non-corrosive to 
metallic pipes, and another two samples indicated that the on-site soil is potentially corrosive.  
Accordingly, the on-site soil may conservatively be presumed as potentially corrosive to the metallic 
pipes.    
 

In addition to AWWA Specifications, NACE Standard Practice provides Soil Corrosiveness Criteria to 
determine if soil is corrosive for reinforced concrete.  According to NACE Standard Practice Criteria, a pH 
less than 5.0, chloride content greater than 2,000 ppm, sulfate content greater than 2,000 ppm, and 
resistivity less than 500 ohm-cm indicates that the soil is corrosive for reinforced concrete.  In comparison 
with pH values, chloride content, sulfate content, and resistivity results shown in Table 5.1, the on-site 

soils are considered to be generally non-corrosive to reinforced concrete. 
 
Corrosion potential of any borrowed soils imported to the site should be considered when assessing the 
suitability of these soils.  Detailed, specific recommendations for corrosion protection are beyond the 
scope of this report.  The results of laboratory testing performed for this report should be reviewed by 
corrosion specialists to develop specific recommendations with respect to corrosion protection of buried 
structures and utilities. 
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6.0 FOUNDATION RECOMMENDATIONS 

We based our geotechnical engineering analysis on the information developed from our subsurface 
exploration and soil laboratory testing, along with the project development plans, structural loading and 
site plans provided to us. 

As noted in the geology section, voids were encountered in five of the borings at the Tyson mine level 
and in both 200 ft borings extending past the Pittsburgh mine level.  Additionally, borings indicated 
collapsed overburden materials above both mines.  Given the relatively shallow depth of the Tyson mine, 
evidence of voids and collapse, and limited mine map information, we recommend that the Tyson mine be 
stabilized with injected grout fill.   
 
The potential for subsidence of the Pittsburgh mine is considered low based on the drilled-to-date 
borings, and given the depth of the mine and that mining activities of this coal seam ceased at the site in 

  Based on this information, grouting of the Pittsburgh mine level is not expected to be 
necessary.  However, please note that the proposed building footprint shifted after we completed drilling 
at the site and that no borings were advanced along the west side or southwest corner of the building.  It 
is possible that the Pittsburgh mine level is shallower along this portion of the site.  If it is shallower, the 
potential for subsidence may be greater and grouting of the Pittsburgh mine level may be necessary.  We 
highly recommend that additional borings be drilled along the west/southwest portions of the proposed 
building.  If borings are not drilled and the potential for subsidence is not assessed for the west/southwest 
area of the proposed building, it would be prudent to grout the Pittsburgh mine level due to the 
uncertainty.  A final mine assessment report will be issued separately describing our findings and 
recommendations in more detail. 

The proposed Education and Health Sciences Center will be slab-on-grade with a lowest level at EL 
+1924 (ft) and structural loads will vary between 170 kips and 725 kips.  Relatively deep fill was 
encountered at the building borings, extending 13 to 20 ft below existing grades, or about 7.5 to 17 ft 
below the proposed lowest level.  Based on these considerations, traditional spread footings or a shallow 
mat foundation are not considered feasible options due to anticipated excessive settlement.  Therefore, 
we recommend that drilled shafts or spread footings founded on compacted aggregate piers be used to 
support the building.   

The following sections of the report provide our detailed recommendations. 

6.1 Drilled Shafts on Rock 

We recommend the proposed structure be supported on straight-sided drilled shafts founded on bedrock 
(Stratum D).  Drilled shafts founded on Stratum D may be designed for a net allowable bearing pressure 
of 30 tsf.  This bearing pressure provides a factor of safety of at least three against general bearing 
capacity failure based on the results of the unconfined compressive testing and the RQD data presented 
on the boring logs.  This allowable bearing pressure is based on both ultimate bearing capacity and 
settlement criteria.  Additionally, an allowable sidewall friction value of 300 psf for residual soils (Strata B1 
and B2) and 1,500 psf for the disintegrated rock (Stratum C) may be used along the lengths of the shafts 
excluding the upper 10 ft of the shaft due to the disturbance of the near-surface materials from 
construction activities, and the inability to mobilize skin friction at the tops of the shafts.  Drilled shafts 
should be at least 36 inches in diameter to permit hand cleaning and observation of the bearing materials.   
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The estimated elevations at which suitable rock is expected to be encountered at the boring locations are 
presented in Table 6.1.  

 
Table 6.1:  Estimated Drilled Shaft Bearing Grades 

Boring Number 
Estimated Drilled Shaft 

Bearing Grade  
(ft) 

B-1 1890 

B-2 1894 

B-3 1888 

B-4 1892 

B-5 1895 

B-6 1880 

B-7 1892 

B-8 1890 

B-9 1886 

B-10 1884 

B-11 1892 

B-12 1867 

B-13 1883 

B-14 1888 

B-15 1885 

B-16 1882 

      
For design purposes, bearing grades between borings may be estimated by linear interpolation.  The 
above-estimated elevations are provided for design purposes only.  Actual drilled shaft bearing elevations 
should be evaluated during construction by the Geotechnical Engineer.  Drilled shaft bearing grades and 
design pressures may have to be adjusted in the field depending on the actual conditions encountered. 
 
Bearing elevations may vary considerably over relatively short distances and drilled shaft depths may 
vary from depths based on the estimated rock elevations.  Removal of rock in the shafts may be required 
due to sloping rock, rock ledges, boulders, mud seams, and zones of unsuitable rock.  A budget should 
be established to account for these extra costs.  
 
After reaching suitable bearing material, the Contractor should be required to drill a minimum of one 
probe hole per shaft to a depth below the bearing grade equal to at least 1.5 times the shaft diameter to 
locate possible soil-filled or open seams and fractures.  Probe holes drilled by the Contractor should be a 
minimum of 1 inch in diameter and should be drilled with an air drill.  More than one probe hole may be 
needed where questionable conditions are encountered.  
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should observe the drilled shaft bearing surface and the probe hole to evaluate the suitability of the rock 
for the design allowable bearing pressure. 
 
We expect that settlement of drilled shafts will not exceed about 1 inch.  Differential settlements between 
adjacent caissons are not expected to exceed about half this value. 

6.2 Compacted Aggregate Piers 

Alternatively, the building can be supported on spread footings founded on compacted aggregate piers.  
Existing fill and loose/soft soil of Strata A, B1, and B2 are improved by replacing these soils with 
compacted aggregate piers.  Spread footings founded on compacted aggregate piers can be designed for 
an allowable composite bearing pressure of about 6,000 psf. 
 
Compacted aggregate piers are constructed by compacting crushed stone within 30-inches to 36-inch 
diameter holes.  Crushed stone should consist of CR-6, AASHTO No. 57, or similar material that is 
compacted in 12-inch lifts.  Piers should extend at least 5 ft into the firm natural soils and the length will 
be dependent on the depth of softer soil at each location.   
 
An on-site modulus test should be performed to confirm the amount of compression that an individual 
aggregate pier element will experience at the maximum theoretical aggregate pier element stress.  Tests 
should be monitored full time by the Geotechnical Engineer.  One modulus test should be performed on 
an aggregate pier element located in the weakest area of the site.  Loading of the test pier should be 
conducted up to approximately 150 percent of the maximum theoretical stress to which the aggregate pier 
elements will be subjected.  At 100 percent of the maximum theoretical aggregate pier element stress, 
settlement of the footing supported by the aggregated pier element should not exceed 1 inch. 
 

Aggregate piers are normally designed by the Specialty Contractor.  The number of piers per footing and 
the length of individual piers should be selected based on total settlements of less than 1 inch and 
differential settlements of less than 1/2 inch.   
 
Schnabel Engineering should review the design for conformance with our recommendations.  Local 
contractors that can be contacted regarding compacted aggregate piers include GeoStructures (703-771-
9844), Hayward Baker (410-551-1980), Terra Systems (703-882-4130), and Menard USA (412-620-
6000). 
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7.0 FLOOR SLAB RECOMMENDATIONS 

The proposed floor slabs can be supported on firm suitable soils of Stratum A or new compacted 
structural fill.  A modulus of subgrade reaction, k, of 100 kcf should be used in the design of floor slabs.  
The recommended modulus value is for a 1-ft-square plate.  Some slab design software may consider 
different definitions of k for input.  The Structural Engineer should contact our office if their software 
considers a different definition of k.   
 
A 4-inch crushed stone or washed gravel capillary moisture barrier should underlie floor slabs on grade.  
The moisture barrier material should meet the requirements for AASHTO No. 57 coarse aggregate.  The 
Contractor should compact the stone in place with at least two passes of suitable vibratory compaction 
equipment.  A 10-mil-thick polyethylene liner should be installed over the crushed stone layer as a vapor 
barrier and to prevent concrete intrusion into the stone.  Floor-slab subgrades should be observed and 
approved by the Geotechnical Engineer prior to placing the washed gravel or crushed stone base. 

The Contractor should compact floor slab subgrades before placing moisture barrier materials to repair 
any disturbance that may occur due to construction operations.  Since floors will be slab-on-grade, footing 
and utility excavations should be backfilled with compacted structural fill as defined in Section 8.0.  
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8.0 SITE GRADING AND EARTHWORK 

Existing grades at the site increase from about EL +1915 (ft) in the west up to EL +1937 (ft) in the east.  
Within the proposed building footprint, existing grades vary from about EL +1917 (ft) to about EL +1935 
(ft).  Therefore, to reach the proposed building lowest level, site grades cutting of up to 11 ft and filling of 
up to 7 ft will be required.  Recommendations for preparation of subgrades to receive new compacted fill, 
and compacted fill soil requirements, placement, and compaction criteria are presented in subsequent 
sections.   

8.1 Preparation of Subgrades to Receive Compacted Fill 

Subgrades to receive compacted structural fill for building or pavement support should be stripped of 
vegetation, topsoil, and organic matter.  Our subsurface exploration indicated topsoil to depths of up to 7 
inches below the ground surface in some locations.   

The Geotechnical Engineer should evaluate the suitability of the fill subgrades.  The stripped subgrades 
should be proofrolled with a loaded dump truck to evaluate the subgrade suitability for support of the 
compacted structural fill prior to any undercutting or initiation of fill placement.  Areas that exhibit 
excessive pumping, weaving, or rutting should be scarified, dried and recompacted, or undercut and 
replaced with compacted structural fill as recommended by the Geotechnical Engineer.  Subgrade 
evaluation techniques complementary to proofrolling could include a combination of probing with a 
penetrometer, drilling hand augers, or observing test pits. 

When excavation of unsuitable materials is required, it should be performed in a manner to limit 
disturbance of the underlying suitable material.  The excavation should be performed under the 
observation of the Geotechnical Engineer to evaluate required excavation depths.   

Compacted structural fill subgrades should be kept free of ponded water.  If springs or other flowing water 
is present at the compacted structural fill subgrade level, the Contractor should direct water to discharge 
beyond the fill limits.  Recommendations for discharging springs should be provided by the Geotechnical 
Engineer. 

Compacted structural fill subgrades should be free of snow, ice, and frozen soils.  If snow, ice, or frozen 
soils are present at subgrade levels, these materials should be removed as recommended by the 
Geotechnical Engineer. 

Some existing structures present on site will need to be removed before earthwork construction.  
Therefore, buried foundations and other associated debris may be encountered during grading activities.  
Existing foundations should be completely removed from the proposed building area.  Existing 
foundations and walls in the proposed pavement areas should be removed to at least 2 ft below the 
design pavement subgrade level.  Existing utilities and drainage structures within the building area should 
be removed and replaced with compacted structural fill or grouted in their entirety. 

Compacted structural fill subgrades should not be steeper than about 4H:1V.  If steeper slopes are 
present, subgrades should be benched to permit placement of horizontal lifts of fill. 
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8.2 Compacted Fill 

Compacted structural fill and backfill in building and pavement areas should consist of material classifying 
as ML, SC, SM, SP, SW, GC, GM, GP or GW according to ASTM D2487.  In addition, fill materials should 
exhibit Liquid Limit and Plasticity Index values of less than 40 and 15, respectively.  Fill materials should 
not contain particles larger than 3 inches.  On-site soils of Stratum B2 are generally expected to meet 
these criteria.  The fill soils of Stratum A can be considered for re-use as compacted structural fill 
provided they are free of deleterious materials and meet the criteria above. 

Compacted structural fill should be placed in maximum 8-inch thick horizontal, loose lifts.  Fill should be 
compacted to at least 95 percent of the maximum dry density per ASTM D698 (Standard Proctor), except 
that the top 12 inches in pavement areas should be compacted to at least 100 percent of the same 
standard.  Soil moisture contents at the time of compaction should be within 3 percent of the soils' 
optimum moisture content. 

Backfill placed in excavations, trenches, and other areas that large compaction equipment cannot access 
should be placed in maximum 6-inch thick lifts.  Backfill should meet the material, placement, and 
compaction requirements outlined above. 

Successful re-use of the excavated, on-site soils as compacted structural fill will depend on their natural 
moisture contents during excavation.  Soils in some areas may be wet of the optimum moisture content.  
Scarifying and drying of these soils should be anticipated to achieve the recommended compaction.  
Drying of these soils will likely result in some delays, and may not be possible during cooler, wetter 
weather.  We recommend that the earthwork be performed during the warmer, drier times of the year. 

Oversize rock fragments greater than 4 inches in maximum dimension may be generated during 

excavation of Strata A, B1, and B2 materials.  Oversize rock fragments encountered within soils should 
be removed prior to reusing these excavated materials as compacted fill.  Oversize rock fragments should 
not be placed within building footprints, behind wall foundations, within utility alignments, or within 2 ft of 
finished grades in pavement, landscape and slope areas.  Oversize rock fragments may; however, be 
placed individually within deeper fill below landscape, pavements and slope areas at the approval of the 
Geotechnical Engineer.  

8.3 Fill Settlement 

We anticipate as much as 7 ft of fill will be placed to reach the proposed lowest level of the building.  
Borings B-6 and B-16 were drilled in this area and the borings indicate clay fill extending to depths of up 
to about 20 ft below existing grades. 

The subgrade soils are expected to settle under the weight of the proposed fill.  Construction of 
pavements or structures in fill areas should not begin until settlement has essentially ceased.  Settlement 
plates should be installed on the fill subgrade prior to placing the compacted structural fill.  We anticipate 
that settlement will take about one month to dissipate.  

Settlement plates should consist of a 24 x 24 x ½ -inch steel plate with a 2-inch steel riser pipe welded to 
its center.  The plate should be placed on the subgrade, and the elevation of the plate and top of the riser 
should be recorded before fill placement.  As fill operations progress, the Contractor should extend the 
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riser pipe to remain above the fill surface.  The elevation of the top of the riser should be recorded 
immediately before and after attaching an extension.  The elevation of the riser should be recorded daily. 
After completion of the fill, the elevation of the top of the riser should be recorded three times a week until 
settlement has essentially ceased.  

Settlement plate readings should be taken to the nearest 0.005 ft and referenced to a benchmark well 
beyond the influence of the fill placed.  Precautions should be taken to prevent damaging the settlement 
plates during fill operations.  The General Contractor should furnish all labor and materials, and perform 
all operations needed for installation and maintenance of the settlement plates. 

Grading plans should be provided to SEDC for review to see if there are any changes to our 
recommendations. 
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9.0 SUBDRAINAGE RECOMMENDATIONS 

Based on the site geology, groundwater is expected at the disintegrated rock-bedrock interface.  Some 
higher groundwater readings indicate groundwater as high as EL +1919 (ft).  These readings are believed 
to reflect perched groundwater readings within and above cohesive fill soils and natural clay layers or 
from the rock coring activities. 
 
The long term groundwater level readings indicated groundwater at about 25 ft to 125 ft below surface 
grades, or between EL +1891 (ft) and EL +1802 (ft), well below the proposed lowest level of EL +1924 
(ft).  Therefore, no permanent underfloor subdrainage will be required.  Additionally, no levels will extend 
below grade and; therefore, no recommendations for subdrainage behind below-grade walls are included.  
However, if walls extend below grade, subdrainage and lateral earth pressure recommendations will be 
needed.  
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10.0 RETAINING WALL RECOMMENDATIONS  

 
We understand that several smaller retaining walls are planned, with minor wall heights of less than 5 ft, 
as part of the project.  Additionally, we understand that a 10-ft high new retaining wall is planned in the 
loading dock area.  These walls will need to be designed to resist lateral earth pressures developing from 
the backfill soils and any surcharge loads at the top of the walls. 
 
For a concrete gravity wall and level backfill, we recommend an active average equivalent fluid pressure 
of 40H psf, where H is the height of the wall in feet, behind the wall and passive fluid pressure of 360D 
psf, where D is the key depth, along the toe of the wall.  These earth pressures are based on soils 
classifying as indicated in Section 8.2 above.  A diagram illustrating the design earth pressure 
recommendations on retaining walls is included as Figure 7 and assumes a level backfill.  If more rigid 

retaining walls are desired, they can be designed considering an at-rest average equivalent fluid pressure 
of 60H psf.  Weepholes through the walls or subdrainage pipes behind the walls should be provided to 
allow for drainage behind the retaining walls.  Weepholes should be provided at a maximum spacing of 
about 8 ft on-center.  Earth pressure recommendations provided do not include hydrostatic pressure 
since subdrainage will be provided behind the walls. 
 
Subdrainage should consist of 4-inch diameter slotted, corrugated polyethylene tubing according to 
ASTM F405 surrounded by at least 4 inches of filter drainage material.  A drainage geotextile should wrap 
around the drainage material.  Subdrains should be daylighted and should drain by gravity to an outlet, or 
to a sump or storm sewer.  If subdrainage pipe cannot be installed then drainage boards should be 
installed and connected to the weepholes.   

The smaller retaining walls planned along the south side of the building and baseball field are expected to 

be founded on new compacted fill.  These retaining walls can be founded on shallow foundations 
supported on new compacted fill and designed for a maximum allowable soil bearing pressure of 3,000 
psf.  The 10-ft high retaining wall for the loading dock, located north of the proposed building and 
southwest of the Lane Center, should be supported on drilled shafts or compacted aggregate piers due to 
the deeper fill in the area which extends to about EL +1910 (ft).  Supporting the wall on shallow 
foundations founded on existing fill is also feasible; however, there is a higher risk of excessive settlement 
for footings founded on existing fill.  If the wall footings are founded on firm existing fill of Stratum A, we 
recommend that they be designed for a maximum allowable soil bearing pressure of 1,500 psf.  Wall 
footings may be designed using a friction factor of 0.3.   
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11.0 PAVEMENT RECOMMENDATIONS  

11.1 Flexible (Asphalt) Pavements  

Firm existing fill soils of Stratum A are generally considered suitable for support of pavements.  Soils may 
be soft and loose in areas and undercutting of these areas may be required. 

The Contractor should prepare pavement subgrades and place compacted structural fill for pavement 
support as described in Section 8.0 of this report.  Dense-graded aggregate placed as pavement base 

course should be compacted to at least 95 percent of maximum dry density according to ASTM D698, 
Standard Proctor, except for the top 12 inches, which should be compacted to at least 100 percent of 
maximum dry density per the same standard.  Dense-graded aggregate should be placed in maximum 8-
inch thick loose lifts.  

Final pavement subgrades should be proofrolled under the observation of the Geotechnical Engineer 
immediately prior to placing subbase or base course aggregate to evaluate their suitability to support the 
pavement.    
 
Flexible pavement subgrades, prepared as discussed herein, can be assumed to provide a California 
Bearing Ratio (CBR) value of about 3.  CBR testing should be performed during construction and 
pavement sections may need to be adjusted based on those results.   
 
We developed the recommended pavement sections according to the AASHTO 1993 design method for 
flexible pavements based on a design CBR value of 3.  For the automobile parking spaces, we have 
considered 1,000, 2-axles vehicles (sedans) per day and no heavy truck traffic.  In access drives and 
service roadways, the traffic volumes considered in our analysis are also 1,000, 2-axle vehicles (sedans) 

per day, 25 daily delivery trucks or trash trucks, and two fire trucks per day.     
 
Our analysis considers that proper grading will be maintained to provide runoff from the pavement surface 
and beyond the limits of paved areas.  We recommend the following pavement sections: 
 

Table 11.1:  Pavement Sections 

Type Section 
Thickness 

(inch) 

Automobile Parking Areas  Type I Section 

Asphalt Concrete Surface Course 1.5 

Asphalt Concrete Base Course 3 

Dense-Graded Aggregate Subbase Course 6 

Access Drives and Service Roadways  Type II Section 

Asphalt Concrete Surface Course 2 

Asphalt Concrete Base Course 6 

Dense-Graded Aggregate Subbase Course 8 
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The Type I Section should be used only in automobile parking areas.  The Type II Section should be used 
where truck traffic or high traffic volumes are anticipated. 
 
Concrete pavement should be used rather than asphalt in any loading dock areas.  This is to prevent 
puncturing or permanent deflection of the asphalt.  Concrete pads can consist of 6 inches of lightly 
reinforced 4,000 psi concrete on 6 inches of aggregate subbase. 
 
Adequate control of surface drainage will be a very important consideration for the overall performance of 
this pavement design.  The area surrounding pavements should be graded to direct surface water away 
from paved areas.  Utility excavations within pavement areas should be backfilled with compacted 
structural fill. 
 
We recommend providing pavement subdrains or drainage ditches in cut areas where grades slope 
toward the pavement.  The invert grade of ditches should be at least one foot below the pavement 
subgrade level.  Pavement subdrains should discharge into a ditch or into a storm sewer. 
 
Perched groundwater levels may develop at this site, especially if traffic islands and other landscaped 
areas are irrigated.  A perched groundwater condition would increase the risk of damage to the 
pavements.  Therefore, we recommend that subdrains be installed below traffic islands and other heavily 
irrigated areas next to the pavements to control water that has infiltrated and accumulated.  These 
underdrains should connect to a storm sewer or be day-lighted at nearby swales. 
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12.0 CONSTRUCTION CONSIDERATIONS  

12.1 Foundations 

12.1.1 Drilled Shafts on Rock 

Drilled shafts should be constructed according to good engineering practice.  The drilled shafts should be 
laterally supported by steel casing sealed into the residual soils above the rock so that groundwater can 
be cut off.  The Contractor should be required to dewater the shafts.  The Contractor should be prepared 
to place drilled shaft concrete using tremie methods if groundwater cannot be easily controlled by 
pumping.  Excessive pumping should be avoided as it can lower groundwater levels in the vicinity of the 
pumping activity, cause migration of soil fines, and induce sinkhole collapse, all of which can adversely 
affect adjacent foundations, floor slabs, and pavements. 
 
The Contractor should include costs in his bid for confined space entry permitting according to OSHA 
regulations, including lowering a gas meter into each drilled shaft to evaluate the presence of gas prior to 
sending personnel into the drilled shafts.  At a minimum, the atmosphere in the drilled shafts should be 
monitored for explosive gases, hydrogen sulfide, and oxygen.  The Contractor should be prepared, at his 
own expense, to ventilate the shafts, if necessary.  A confined space entry permit will be required for each 
drilled shaft. 
 
After excavation to suitable bearing material and to the minimum socket depth, the Contractor should 
thoroughly clean the bearing surface of all loose material, including mud and soft, unsuitable disintegrated 
rock within crevices and seams.  This will require personnel entry into the shafts to perform hand 
cleaning. 
 

The Contractor should be responsible for providing an essentially horizontal bearing surface.  
Irregularities or steps within the bearing surface will generally be acceptable if not sloped.  Sloped 
surfaces steeper than 20 degrees must be leveled using vertical steps. 
 
For drilled shafts constructed in dry conditions, concrete may be placed using free-fall methods provided 
that proper techniques are used to avoid hitting the reinforcing steel cage or shaft sidewalls.  Shafts 
should be filled with concrete as the casing is withdrawn.  A minimum concrete head of 8 ft above the 
bottom of the casing should be provided so that discontinuities do not develop in the drilled shaft due to 
intrusion of soil into the shaft. Concrete volume should be recorded by the Geotechnical Engineer.  A 
concrete slump of 6 inches (± 1 inch) is recommended for drilled shafts constructed in dry conditions to 
reduce the possibility of the concrete arching within the casing during withdrawal.   
 

For drilled shafts constructed in wet conditions where groundwater cannot be lowered adequately, 
concrete should be pumped to the bottom of the shaft using proper tremie techniques.  Tremie pipes 
should consist of minimum 10-inch diameter, clean steel piping with watertight joints.  To separate 
concrete from water in the shaft, an appropriate plug device should be inserted into the bottom of the 
tremie pipe before lowering it into the shaft.  We recommend that pump hoses and tremie pipes be 
lubricated with a rich cement grout prior to concrete placement to ease the flow of concrete.  A minimum 
hose diameter of 5 inches should be used for pumped concrete.  A concrete slump of 8 inches (± 1 inch) 
is recommended for drilled shafts constructed in wet conditions.  Superplasticizing agents should be used 
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to achieve the required slump.  The tremie pipe should be kept at the bottom of the shaft until the pipe is 
full of concrete and then lifted only slightly to initiate the flow of concrete.  The bottom of the tremie pipe 
should be kept at least 10 ft below the top of the concrete at all times. 
 
To ensure that the reinforcing steel cage is properly spaced and aligned in the drilled shaft, the Contractor 

should be required to use SHAFTSPACER  and BARBOOT  alignment devices, or their technical 
equivalents. 

Because rock excavation quantities are frequently a subject of contention on drilled shaft projects, we 
strongly recommend that a definition of rock be included in the specifications.  Veering of the rock auger 
on sloping rock surfaces should also be considered practical refusal if, in the judgment of the 

ative, the shaft cannot be advanced vertically without the use of a 
rock core barrel. 

12.1.2 Spread Footings on Compacted Aggregate Piers 

We recommend that at least seven compacted aggregate piers be installed prior to installation of the 
production piers.  One of the piers should be load tested to measure the pier modulus.  Details about the 
load test are given in Section 8.2 of this report.  Additional modulus tests may be required depending 

upon the results of the initial test.  Installation of production aggregate piers should not begin until 
Schnabel Engineering has evaluated the data from the load test.  
 
The compacted aggregate pier installation process should be reviewed by Schnabel and should include 
observation of all compacted aggregate pier installations.  Observation of the soils encountered during 
drilling, the drilling depths and compaction of crushed stone within the piers should be performed.  Piers 
should be drilled and backfilled with crushed stone on the same day to minimize groundwater intrusion 

and contamination of the crushed stone within the piers.  
 
Obstructions and groundwater may be encountered during pier installations.  It may be necessary to 
predrill the piers if obstructions are encountered.  Casing may also be required if groundwater is 
encountered or if holes cannot remain open.  The Contractor should be made aware of these conditions 
and should be ready to deal with these issues accordingly. 

12.2  Site Grading and Earthwork 

The test boring data indicate the approximate depth of topsoil based on our visual identification 
procedures.  The depth of stripping needed to provide a suitable base for placement and compaction of 
earthwork or for pavement subgrade preparation may include topsoil and other softer surficial layers, with 
or without organic matter.  Stripping depths in wooded or previously cultivated areas will be greater, 
particularly during periods of wet weather.  The depth of required stripping should be determined by the 
excavation Contractor prior to construction using test pits, probes, or other means that the Contractor 
wishes to employ, and this determination should be the excavation Contractor's responsibility.  

Drying and reworking of the soils are likely to be difficult during periods of wet months.  We recommend 
that the earthwork phases of this project be performed during the warmer, drier times of the year to limit 
the potential for disturbance of on-site soils. 



Ayers Saint Gross 
Education and Health Sciences Center (EHSC)
 
 

September 13, 2019 Page 26 Schnabel Engineering DC, Inc. 
Project 18C41028  ©2019 All Rights Reserved 

Traffic on stripped or undercut subgrades should be limited to reduce disturbance of underlying soils.  
Also, using lightweight, track-mounted dozer equipment for stripping will limit the disturbance of 
underlying soils, and may reduce the undercut volume needed.  The Contractor should provide site 
drainage to maintain subgrades free of water and to avoid saturation and disturbance of the subgrade 
soils before placing compacted structural fill, pavement base course or moisture barrier material.  This will 
be important during all phases of the construction work.  The Contractor should be responsible for 
reworking of subgrades and compacted structural fill that were initially considered suitable but were later 
disturbed by equipment and/or weather. 

12.3 Subdrainage 

If required, the Contractor should exercise care when placing and backfilling subdrainage pipe to avoid 
damage to the subdrainage system during installation. 

12.4 Engineering Services During Construction 

The engineering recommendations provided in this report are based on the information obtained from the 
subsurface exploration and laboratory testing.  However, conditions on the site may vary between the 
discrete locations observed at the time of our subsurface exploration.  The nature and extent of variations 
between borings may not become evident until during construction.  

To account for this variability, we should provide professional observation and testing of subsurface 
conditions revealed during construction as an extension of our engineering services.  These services will 
also help in evaluating the Contractor's conformance with the plans and specifications.  Because of our 
unique position to understand the intent of the geotechnical engineering recommendations, retaining 
Schnabel for these services will allow us to provide consistent service throughout the project construction. 
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13.0 GENERAL SPECIFICATION RECOMMENDATIONS  

An allowance should be established to account for possible additional costs that may be required to construct 
earthwork and foundations, as recommended in this report.  Additional costs may be incurred for a variety of 
reasons including variation of soil and rock conditions between borings, variable rock depth, wet on-site soils, 
groundwater, etc.  The project specifications should indicate the Contractor's responsibility for providing 
adequate site drainage during construction.  Inadequate drainage could lead to disturbance of soils by 
construction traffic, which could result in the need to undercut disturbed soils. 
 
This report may be made available to prospective bidders for informational purposes.  We recommend 
that the project specifications contain the following statement: 
 

Schnabel Engineering DC, Inc. has prepared this geotechnical engineering report for this project. 
This report is for informational purposes only and is not part of the contract documents.  The 
opinions ex
conditions, tests, and the results of analyses conducted.  Should the data contained in this report 
not be adequate for the Contractor's purposes, the Contractor may make, before bidding, 
independent exploration, tests, and analyses.  This report may be examined by bidders at the 
office of the Owner, or copies may be obtained from the Owner at nominal charge. 

 
The contract documents should include the boring data provided in Appendix A. 

 
Additional data and reports prepared by others that could have an impact upon the Contractor's bid 
should also be made available to prospective bidders for informational purposes. 
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14.0 LIMITATIONS 

We based the analyses and recommendations submitted in this report on the information revealed by our 
exploration.  We attempted to provide for normal contingencies, but the possibility remains that 
unexpected conditions may be encountered during construction.  

This report has been prepared to aid in the evaluation of this site and to assist in the design of the project. 
It is intended for use concerning this specific project.  We based our recommendations on information on 
the site and proposed construction as described in this report.  Substantial changes in loads, locations, or 
grades should be brought to our attention so we can modify our recommendations as needed.  We would 
appreciate an opportunity to review the plans and specifications as they pertain to the recommendations 
contained in this report, and to submit our comments to you based on this review. 

We have endeavored to complete the services identified herein in a manner consistent with that level of 
care and skill ordinarily exercised by members of the profession currently practicing in the same locality 
and under similar conditions as this project.  No other representation, express or implied, is included or 
intended, and no warranty or guarantee is included or intended in this report, or other instrument of 
service. 
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FIGURES 
 

 
Figure 1:  Site Vicinity Map 

Figure 2:  Approximate Boring Location Plan 
Figure 3:  Subsurface Cross-Section A-  
Figure 4:  Subsurface Cross-Section B-  
Figure 5:  Subsurface Cross-Section C-  
Figure 6:  Subsurface Cross-Section D-  

Figure 7:  Lateral Earth Pressure and Subdrainage Details (Retaining Walls) 
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APPENDIX A 
 

SUBSURFACE EXPLORATION DATA 
 
 

Subsurface Exploration Procedures (2 Sheets) 
General Notes for Subsurface Exploration Logs (1 Sheet) 

Identification of Soil (1 Sheet) 
Descriptive Criteria for Rock Core Logging (1 Sheet) 

Boring Logs B-1 through B-28 (66 Sheets)  
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SUBSURFACE EXPLORATION PROCEDURES 
 

Test Borings  Hollow Stem Augers 

The borings are advanced by turning an auger with a center opening of 2¼ or 3¼ inches.  A plug device 
blocks off the center opening while augers are advanced.  Cuttings are brought to the surface by the 
auger flights.  Sampling is performed through the center opening in the hollow stem auger by standard 
methods after removal of the plug.  Usually, no water is introduced into the boring using this procedure. 

Standard Penetration Test Results  

The Standard Penetration Test (SPT) is performed in the borings at regular depth intervals to collect soil 
samples.  The numbers in the Sampling Data column of the boring logs represent SPT results.  Each 
number represents the blows needed to drive a 2-inch O.D., 1 -inch I.D. split-spoon sampler 6 inches, 
using a 140-pound hammer falling 30 inches.  The sampler is typically driven a total of 18 or 24 inches.  
The first 6 inches are considered a seating interval.  The total of the number of blows for the second and 
third 6-
ASTM D1586. 

Soil Classification Criteria 

The group symbols on the logs represent the Unified Soil Classification System Group Symbols (ASTM 
D2487) based on visual observation and limited laboratory testing of the samples.  Criteria for visual 
identification of soil samples are included in this appendix.  Some variation can be expected between 
samples visually classified and samples classified in the laboratory. 

Disintegrated rock is defined as residual material with SPT N values between 60 blows per foot and 
refusal.  Refusal is defined as an N value of 50 blows for a penetration of one inch or less.   

Pocket Penetrometer Results 

 the sampling data column of the logs represent pocket penetrometer 
readings.  Pocket penetrometer readings provide an estimate of the unconfined compressive strength of 
fine-grained soils. 

Rock Core Drilling 

The drillers core drilled rock using special core bits set with carbide steel or diamond, depending upon the 
rock texture.  The bit was fitted onto a double-tube, swivel-type core barrel in which an exterior tube and 
bit rotate, and an interior barrel remains stationary to receive the rock core.  Drillers circulated water 
between the barrels and across the bit face to provide cooling and to flush away cuttings.  The size of bits 
is indicated on individual boring logs. 

The length of rock core recovered expressed as a percentage of the total length cored is shown on the 
logs.  Rock Quality Designation (RQD) is also given for rock core drilled with NX-size core drilling 
equipment.  RQD is defined as the total length of NX-size rock fragments recovered which are greater 
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than 4 inches in length, discounting drilling breaks, expressed as a percentage of the total length cored.  
RQD is preferred to core recovery as a measure of engineering characteristics of rock.   

Boring Locations and Elevations  

Boring locations were initially staked by AULtec in advance of our mobilization.  The as-drilled boring 
locations were also surveyed by AULtec and coordinates and elevation were provided.  Elevations are 
shown on the boring logs.  Approximate boring locations are shown on Figure 2.  Please note that 

borings B-8 and B-28 are approximately shown on these plans.  The as-drilled locations for these two 
borings have not been surveyed at this time.  Locations and elevations should be considered no more 
accurate than the methods used to determine them. 
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GENERAL NOTES FOR 
SUBSURFACE EXPLORATION LOGS 

 
1. Numbers in sampling data column next to Standard Penetration Test (SPT) symbols indicate 

blows required to drive a 2- -inch I.D. sampling spoon 6 inches using a 140-pound 
hammer falling 30 inches.  The Standard Penetration Test (SPT) N value is the number of blows 
required to drive the sampler 12 inches, after a 6-inch seating interval.  The Standard Penetration 
Test is performed in general accordance with ASTM D1586. 

2. Visual classification of soil is in accordance with te
The ASTM D2487 group symbols (e.g., CL) shown in the classification column are based on 
visual observations. 

3. Estimated water levels indicated on the logs are only estimates from available data and may vary 
with precipitation, porosity of the soil, site topography, and other factors. 

4. Refusal at the surface of rock, boulder, or other obstruction is defined as an SPT resistance of 50 
blows for 1 inch or less of penetration. 

5. The logs and related information depict subsurface conditions only at the specific locations and at 
the particular time when drilled or excavated.  Soil conditions at other locations may differ from 
conditions occurring at these locations.  Also, the passage of time may result in a change in the 
subsurface soil and water level conditions at the subsurface exploration location. 

6. The stratification lines represent the approximate boundary between soil and rock types as 
obtained from the subsurface exploration.  Some variation may also be expected vertically 
between samples taken.  The soil profile, water level observations and penetration resistances 
presented on these logs have been made with reasonable care and accuracy and must be 
considered only an approximate representation of subsurface conditions to be encountered at the 
particular location. 

7. Key to symbols and abbreviations: 
 

S-1, SPT  Sample No., Standard Penetration Test 
5+10+1   Number of blows in each 6-inch increment 
 
Run #1, CORE  Core No., Rock Core 
Run = 5.0 ft  Run length in feet 
REC = 60", 100% Recovery in inches, Percent Recovery 
RQD = 60", 100% RQD in inches, Percent RQD 
 

LL   Liquid Limit 
MC   Moisture Content (percent) 
PL   Plastic Limit 
PP   Pocket Penetrometer Reading (tsf) 
%Passing#200  Percent by weight passing a No. 200 Sieve  
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IDENTIFICATION OF SOIL 

I. DEFINITION OF SOIL GROUP NAMES (ASTM D2487) SYMBOL GROUP NAME 

Coarse-Grained Soils 
More than 50% retained 
on No. 200 sieve 

Gravels  
More than 50% of coarse 
fraction 
retained on No. 4 sieve 
  
 Fine, No.  

Clean Gravels 
Less than 5% fines 

GW WELL GRADED 
GRAVEL 

GP POORLY GRADED 
GRAVEL 

Gravels with fines 
More than 12% fines 

GM SILTY GRAVEL 

GC CLAYEY GRAVEL 

Sands  50% or more of coarse 
Fraction passes No. 4 sieve 
 Coarse, No. 10 to No. 4 
 Medium, No. 40 to No. 10 
 Fine, No. 200 to No. 40 

Clean Sands 
Less than 5% fines 

SW WELL GRADED 
SAND 

SP POORLY GRADED 
SAND 

Sands with fines 
More than 12% fines 

SM SILTY SAND 

SC CLAYEY SAND 

Fine-Grained Soils 
50% or more passes 
the No. 200 sieve 

Silts and Clays  
 Liquid Limit less than 50 
 Low to medium plasticity 

Inorganic CL LEAN CLAY 

ML SILT 

Organic OL ORGANIC CLAY 

ORGANIC SILT 

Silts and Clays  
 Liquid Limit 50 or more 
 Medium to high plasticity 

Inorganic CH FAT CLAY 

MH ELASTIC SILT 

Organic OH ORGANIC CLAY 

ORGANIC SILT 

Highly Organic Soils Primarily organic matter, dark in color and organic odor PT PEAT 

 

II. DEFINITION OF SOIL COMPONENT PROPORTIONS (ASTM D2487) 
 Examples 

Adjective 

Form 

GRAVELLY 
SANDY 

>30% to <50% coarse grained 
component in a fine-grained soil 

GRAVELLY LEAN CLAY 

CLAYEY 
SILTY 

>12% to <50% fine grained 
component in a coarse-grained soil 

SILTY SAND 

 WITH GRAVEL 
WITH SAND 

>15% to <30% coarse grained 
component in a fine-grained soil 

FAT CLAY WITH GRAVEL 

WITH GRAVEL 
WITH SAND 

>15% to <50% coarse grained 
component in a coarse-grained soil 

POORLY GRADED GRAVEL WITH SAND 

WITH SILT 
WITH CLAY 

>5% to <12% fine grained 
component in a coarse-grained soil 

POORLY GRADED SAND WITH SILT 

 

III. GLOSSARY OF MISCELLANEOUS TERMS 
SYMBOLS  ..........................  -

to two possible groups. 
FILL .........................................Man-made deposit containing soil, rock and often foreign matter. 
PROBABLE FILL ....................Soils which contain no visually detected foreign matter but which are suspect with regard 

to origin. 
DISINTEGRATED ROCK 
(DR) .........................................

Residual materials with a standard penetration resistance (SPT) between 60 blows per 
foot and refusal.  Refusal is defined as an SPT of 100 blows for 2" or less penetration. 

PARTIALLY WEATHERED 
ROCK (PWR) ...........................

Residual materials with a standard penetration resistance (SPT) between 100 blows per 
foot and refusal.  Refusal is defined as an SPT of 100 blows for 2" or less penetration. 

BOULDERS & COBBLES .......Boulders are considered rounded pieces of rock larger than 12 inches, while cobbles 
range from 3 to 12-inch size. 

LENSES ...................................0 to ½-inch seam within a material in a test pit. 
LAYERS ................................ ½ to 12-inch seam within a material in a test pit. 
POCKET ................................ Discontinuous body within a material in a test pit. 
MOISTURE CONDITIONS .......Wet, moist or dry to indicate visual appearance of specimen. 
COLOR ....................................Overall color, with modifiers such as light to dark or variation in coloration. 
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DESCRIPTIVE CRITERIA FOR ROCK CORE LOGGING 
 

Rock is defined as natural subsurface material yielding SPT blow counts of N  100/2 inches (Martin, 1977). Rock descriptions 
may include the following descriptive elements, as applicable, generally in the order indicated. Supplemental descriptors may 
also be used, depending on project performance objectives and available information. 
 

ROCK TYPE, strength, weathering, fracturing, color, recovery, RQD 
 

Rock Type General terms are used following the NRCS (2001) rock type classification chart based on visual identification. 
Some of the NRCS rock types common to our geographic area of practice are listed below. Mineralogical modifiers may 
be added where they help define distinct units (e.g., Garnet-Muscovite Schist). 

Sedimentary:  Conglomerate, Sandstone, Mudstone, Siltstone, Claystone, Shale, Limestone, Dolomite, Coal, Chert 
Igneous:  Pegmatite, Granite, Diorite, Gabbro, Diabase, Rhyolite, Monzonite, Andesite, Basalt 
Metamorphic:  Gneiss, Schist, Phyllite, Slate, Quartzite, Marble, Amphibolite, Hornfels 

 

Strength (modified from Hoek, 2001) The estimated Uniaxial Compressive Strength associated with each rock strength term 
is based on the field strength index test for intact rock samples as follows. 

 Extremely Strong >36,000 psi   Specimen can only be chipped with a geological hammer. 
 Very Strong 15,000 - 36,000 psi  Specimen requires many blows of a geological hammer to fracture it. 
 Strong 7,500 - 15,000 psi Specimen requires more than one blow of a geological hammer to fracture it. 
 Medium Strong 3,500 - 7,500 psi Specimen cannot be peeled with a pocket knife; can be fractured with 

one blow from a geological hammer. 
 Weak 700 - 3,500 psi Specimen can be peeled with a pocket knife with difficulty; shallow 

indentation made by firm blow with point of a geological hammer. 
 Very Weak 150 - 700 psi Material crumbles under firm blows with point of a geological hammer; 

can be peeled with a pocket knife. 
 

Weathering (modified from ACOE, 1994; and USBR, 2001) 

 Fresh Mineral crystals appear bright and show no discoloration. Fractures show little or 
no staining on their surfaces. Discoloration does not extend into intact rock. 

 Slightly Weathered Rock is generally fresh except along fractures. Some fractures 
are stained and discoloration may extend up to 0.5 inches into rock. 

 Moderately Weathered Significant portions of rock appear dull and discolored. Rock 
may be significantly weaker than in its fresh state near fractures. Soil zones of limited 
extent may occur along some fractures. 

 Highly Weathered Rock appears dull and discolored throughout. Majority of rock mass is 
significantly weaker than in its fresh state. Isolated zones of stronger rock and/or soil may 
occur throughout. 

 Severely Weathered Significant portions of rock mass essentially weathered to soil. 
Rock fabric may still be discernable (i.e., saprolite). Isolated zones of stronger rock may 
occur locally. Quartz may be present as hard, fractured dikes or veins. 

 

Fracturing (from ACOE, 1994) 

Very Slightly Fractured > 6.5 ft 

Slightly Fractured 2 ft - 6.5 ft 

Moderately Fractured 8 in - 2 ft 

Highly Fractured 2.5 in - 8 in 

Intensely Fractured < 2.5 in 
 

 

 

Color (from Munsell Color System; and GSA, 1995) Color descriptions include a 
primary color and up to two shade or secondary color modifiers, and may also 
include a color pattern term to define the relationship between multiple colors. 

Shade:   Light, Dark 

Secondary:  Blackish, Brownish, Grayish, Greenish, Reddish, Yellowish, Orangeish 

Primary:  Black, Brown, Gray, Green, Red, Yellow, Orange, White 

Pattern:  and, to, with mottles of, with speckles of, with streaks of, with bands of 

Recovery is defined as the total length of recovered core in a core run divided by the total length of the core run, times 
100 percent. A core run may be any depth interval of concern. Only natural fractures are considered for determining the 
length of core pieces. Mechanical breaks formed during or after coring do not count against the length determination. The 
length of recovered core pieces is measured along the core axis, between fracture midpoints. 
 

RQD (ASTM D6032, Deere & Deere, 1988, 1989) is defined as the total length of core pieces at least four inches long 
recovered from a core run divided by the total length of the core run, times 100 percent. A core run may be any depth 
interval of concern. Only natural fractures are considered for determining the length of core pieces. Mechanical breaks 
formed during or after coring do not count against the length determination. The length of recovered core pieces should 
be measured along the core axis, between fracture midpoints. Core pieces that are highly to severely weathered, very 
weak, or contain numerous pores should not count toward RQD.
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APPENDIX B 
 

SOIL LABORATORY TEST RESULTS 
 

Summary of Laboratory Test Results (1 Sheet) 
Grain Size Distribution (2 Sheets) 

 
Unconfined Compressive Strength of Intact Rock Core Specimens (1 Sheet) 

Summary of Laboratory Tests  Corrosion Potential (1 Sheet) 
Gradation Curves  Corrosion Potential (4 Sheets) 

Sulfate and Chloride Results (9 Sheets) 
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CLAYEY SAND(SC), A-4(1)

SILTY GRAVEL with SAND(GM), A-1-b(0)

SANDY LEAN CLAY(CL), A-4(1)

15-16.5

finemedium

%Sand %Silt %Clay

0.62

10.1

15.2

8.2

64.4

9.9

31.4

45.2

46.3

18.7

39.6

3 100

B-1

B-6

B-8

15-16.5

5-6.5

7.5-9

7.5-9

B-10

B-11
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SAMPLE No. DEPTH(ft)

GRAIN SIZE DISTRIBUTION
ASTM D422

CLIENT FSU-Education and Health Science Center

PROJECT NUMBER 18C41028

15-16.5
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7.5-9

7.5-9
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PROJECT LOCATION FSU-Education and Health Science Center
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SANDY LEAN CLAY(CL), A-6(6)
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coarse fine

Classification

D100 D60 D30 D10 %Gravel

0.106

B-13

B-13

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

5.5

16.2

34.4

26.4

3 100

B-13

B-13

24 16 301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403

SAMPLE No. DEPTH(ft)

4 20 406 601.5 8 143/4 3/8
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SAMPLE No. DEPTH(ft)

GRAIN SIZE DISTRIBUTION
ASTM D422

CLIENT FSU-Education and Health Science Center

PROJECT NUMBER 18C41028

PROJECT NAME FSU-Education and Health Science Center

PROJECT LOCATION FSU-Education and Health Science Center
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SANDY LEAN CLAY(CL), A-4(2)

SANDY LEAN CLAY with GRAVEL(CL), A-6(7)
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2.5-4

15-16.5

15-16.5
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ATTERBERG LIMITS' RESULTS
ASTM D4318 - 17

CLIENT FSU-Education and Health Science Center

PROJECT NUMBER 18C41028

PROJECT NAME FSU-Education and Health Science Center

PROJECT LOCATION FSU-Education and Health Science Center
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SANDY LEAN CLAY(CL), A-6(6)

SILTY, CLAYEY SAND with GRAVEL(SC-SM), A-4(0)

CLAYEY SAND(SC), A-4(1)

SILTY GRAVEL with SAND(GM), A-1-b(0)

SANDY LEAN CLAY(CL), A-4(1)

SANDY LEAN CLAY(CL), A-4(2)

SANDY LEAN CLAY with GRAVEL(CL), A-6(7)

15-16.5

15-16.5

15-16.5

5-6.5

7.5-9

7.5-9

2.5-4



Project: FSU-Education and Health Science Center Date Tested 8/27/2018

Contract No: 18C41028
Sample Type.: Rock Core

Location: FSU-Education and Health Science Center

Sample ID Diameter
(in.)

Length (in.) Cross-
Sectional

Area (in2)

Failure
Load (lb)

Failure
Type*

Compressive
Strength (psi)

B1 (S2) (35.6'-35.9') 2.03 4.02 3.24 4290 5 1330

B7 (35.3'-35.9') 2.03 4.25 3.24 4260 5 1320

B12 (59.0'-59.6') 2.03 4.00 3.24 5560 3 1720

B16 (44.0'-44.6') 2.03 4.06 3.24 4380 5 1350

Rate of loading (lbs/sec): 90

Time to break (min:sec.): 6:15

Type 1 - Reasonably well-formed cones on both ends, less than 1 in. [25 mm] of cracking through caps

Type 2 - Well-formed cone on one end, vertical cracks running through caps, no well-defined cone on other end

Type 3 - Columnar vertical cracking through both ends, no well-formed cones

Type 4 - Diagonal fracture with no cracking through ends; tap with hammer to distinguish from Type 1

Type 5 - Side fracture as top or bottom (occur commonly with unbonded caps)

Type 6 - Similar to Type 5 but end of cylinder is pointed

Unconfined Compressive Strength of Intact Rock Core Specimens
ASTM D7012: Method C (Previously ASTM D2938)













Certificate of Analysis No.:  18082412

Schnabel Engineering, LLC

Project Manager: Stu Kearns

Project Name :  FSU Education and Health Sciences Center

August 31, 2018

6630 Baltimore National Pike
Baltimore, MD 21228

Phone: (410) 747-8770
Fax: (410) 788-8723

Analytical Report for

Project ID : 18C41028
Project Location: Domestic

Phase Separation Science, Inc.
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OFFICES:
6630 BALTIMORE NATIONAL PIKE
ROUTE 40 WEST
BALTIMORE, MD 21228
410-747-8770
800-932-9047
FAX 410-788-8723

PHASE
SEPARATION

SCIENCE,
INC.

Stu Kearns
Schnabel Engineering, LLC
1504 Woodlawn Drive
Baltimore, MD 21207

Reference: PSS Work Order(s) No: 18082412
Project Name: FSU Education and Health Sciences Center
Project Location: Domestic
Project ID.: 18C41028

Dear Stu Kearns :

This report includes the analytical results from the analyses performed on the samples received under the project
name referenced above and identified with the Phase Separation Science (PSS) Work Order(s) numbered
18082412.

All work reported herein has been performed in accordance with current NELAP standards, referenced
methodologies, PSS Standard Operating Procedures and the PSS Quality Assurance Manual unless otherwise
noted in the Case Narrative Summary. PSS is limited in liability to the actual cost of the sample analysis done.

PSS reserves the right to return any unused samples, extracts or related solutions.  Otherwise, the samples are
scheduled for disposal, without any further notice, on September 28, 2018, with the exception of air canisters
which are cleaned immediately following analysis.  This includes any samples that were received with a request
to be held but lacked a specific hold period.  It is your responsibility to provide a written request defining a
specific disposal date if additional storage is required.  Upon receipt , the request will be acknowledged by PSS,
thus extending the storage period.

This report shall not be reproduced except in full, without the written approval of an authorized PSS
representative.  A copy of this report will be retained by PSS for at least 5 years, after which time it will be
disposed of without further notice, unless prior arrangements have been made.

We thank you for selecting Phase Separation Science, Inc. to serve your analytical needs.  If you have any
questions concerning this report, do not hesitate to contact us at 410-747-8770 or info@phaseonline.com.

Sincerely,

August 31, 2018

Dan Prucnal

Laboratory Manager
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Sample Summary
Client Name: Schnabel Engineering, LLC

Project Name: FSU Education and Health Sciences Center

 Sample Id
B-3 2.5-6.5'

B-7 8.5-11.5'

B-12 35.0-41.5'

B-15 2.5-6.5'

08/24/18 00:00

08/24/18 00:00

08/24/18 00:00

08/24/18 00:00

Date/Time Collected Lab Sample Id
18082412-001

18082412-002

18082412-003

18082412-004

SOIL

SOIL

SOIL

SOIL

Matrix

 A target analyte or common laboratory contaminant was identified in the method blank. Its presence indicates possible
 field or laboratory contamination. 
 Results Pending Final Confirmation.
 The data exceeds the upper calibration limit; therefore, the concentration is reported as estimated.
 The result exceeds the regulatory level for Toxicity Characteristic (TCLP) as cited in 40 CFR 261.24 Table 1.
 The target analyte was positively identified below the reporting limit but greater than the MDL. 
 This is the Laboratory Method Detection Limit which is equivalent to the Limit of Detection (LOD).  The LOD is an estimate of the 
 minimum amount of a substance that an analytical process can reliably detect.  This value will remain constant across multiple similar 
 instrumentation and among different analysts.  An LOD is analyte and matrix specific.
 Not Detected at or above the reporting limit.
 PSS Reporting Limit.
 Not detected.

Please reference the Chain of Custody and Sample Receipt Checklist for specific container counts and preservatives. Any sample
conditions not in compliance with sample acceptance criteria are described in Case Narrative Summary.

Notes:
    1. The presence of a common laboratory contaminant such as methylene chloride may be considered a possible laboratory artifact.  Where 
        observed, appropriate consideration of data should be taken.
    2. Unless otherwise noted in the case narrative, results are reported on a dry weight basis with the exception of pH, flashpoint, moisture, and 
        paint filter test.
    3. Drinking water samples collected for the purpose of compliance with SDWA may not be suitable for their intended use unless collected by a 
        certified sampler [COMAR 26.08.05.07.C.2]. 
   4.  The analyses of 1,2-dibromo-3-chloropropane (DBCP) and 1,2-dibromoethane (EDB) by EPA 524.2 and calcium, magnesium, sodium and
        iron by EPA 200.8 are not currently promulgated for use in testing to meet the Safe Drinking Water Act and as such cannot be used for 
        compliance purposes.  The listings of the current promulgated methods for testing in compliance with the Safe Drinking Water Act can be 
        found in the 40 CFR part 141.1, for the primary drinking water contaminates, and part 141.3, for the secondary drinking water contaminates.
   5.  Sample prepared under EPA 3550C with concentrations greater than 20 mg/Kg should employ the microtip extraction procedure if required to
        meet data quality objectives. 
   6.  The analysis of acrolein by EPA 624 must be analyzed within three days of sampling unless pH is adjusted to 4-5 units [40 CFR part 136.3(e)].
   7.  Method 180.1, The Determination of Turbidity by Nephelometry, recommends samples over 40 NTU be diluted until the turbidity falls below 
        40 units.  Routine samples over 40 NTU may not be diluted as long as the data quality objectives are not affected.
   8.  Alkalinity results analyzed by EPA 310.2 that are reported by dilution are estimated and are not in compliance with method requirements. 

Project ID: 18C41028

18082412Work Order Number(s): 

The following samples were received under chain of custody by Phase Separation Science (PSS) on 08/24/2018 at 01:55 pm

Certifications:
 NELAP Certifications: PA 68-03330, VA 460156

   State Certifications: MD 179, WV 303
   Regulated Soil Permit: P330-12-00268
   NSWC USCG Accepted Laboratory
   LDBE MWAA LD1997-0041-2015

   B

   C
   E
   Fail
   J
   MDL

   ND
   RL
   U

Standard Flags/Abbreviations:
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No: 18082412
Schnabel Engineering, LLC,  Baltimore, MD

Project ID: 18C41028

August 31, 2018

CERTIFICATE OF ANALYSIS

PHASE
SEPARATION

SCIENCE,
INC.

OFFICES:
6630 BALTIMORE NATIONAL PIKE
ROUTE 40 WEST
BALTIMORE, MD 21228
410-747-8770
800-932-9047
FAX 410-788-8723

Project Name: FSU Education and Health Sciences Center
Project Location: Domestic

08/24/2018 13:55

08/24/2018 13:55

08/24/2018 13:55

08/24/2018 13:55

  84

  88

  98

  85

Date/Time Received:

Date/Time Received:

Date/Time Received:

Date/Time Received:

% Solids:

% Solids:

% Solids:

% Solids:

08/24/2018 00:00

08/24/2018 00:00

08/24/2018 00:00

08/24/2018 00:00

Date/Time Sampled:

Date/Time Sampled:

Date/Time Sampled:

Date/Time Sampled:

18082412-001

18082412-002

18082412-003

18082412-004

PSS Sample ID:

PSS Sample ID:

PSS Sample ID:

PSS Sample ID:

SOIL

SOIL

SOIL

SOIL

Matrix:

Matrix:

Matrix:

Matrix:

B-3 2.5-6.5'

B-7 8.5-11.5'

B-12 35.0-41.5'

B-15 2.5-6.5'

 Sample ID:

 Sample ID:

 Sample ID:

 Sample ID:

Inorganic Anions: Chloride, Sulfate

Inorganic Anions: Chloride, Sulfate

Inorganic Anions: Chloride, Sulfate

Inorganic Anions: Chloride, Sulfate

Analytical Method:

Analytical Method:

Analytical Method:

Analytical Method:

08/27/18 16:34

08/27/18 16:34

08/27/18 17:19

08/27/18 17:19

08/27/18 17:41

08/27/18 17:41

08/27/18 18:04

08/27/18 18:04

E300.0P

E300.0P

E300.0P

E300.0P

Preparation Method: 

Preparation Method: 

Preparation Method: 

Preparation Method: 

08/27/18

08/27/18

08/27/18

08/27/18

08/27/18

08/27/18

08/27/18

08/27/18

Chloride

Sulfate

Chloride

Sulfate

Chloride

Sulfate

Chloride

Sulfate

Result

Result

Result

Result

58

58

56

56

51

51

58

58

Flag

Flag

Flag

Flag

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Units

Units

Units

Units

1

1

1

1

1

1

1

1

650

78

250
ND

ND

200

210
ND

EPA 300.0

EPA 300.0

EPA 300.0

EPA 300.0

1053

1053

1053

1053

1053

1053

1053

1053

Analyst

Analyst

Analyst

Analyst

Prepared

Prepared

Prepared

Prepared

Analyzed

Analyzed

Analyzed

Analyzed

Dil

Dil

Dil

Dil

RL

RL

RL

RL
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Case Narrative Summary

18082412Work Order Number(s):
18C41028Project ID: 

Project Name: FSU Education and Health Sciences Cente

Client Name: Schnabel Engineering, LLC

Sample(s) received at a temperature greater than 6 degrees C and ice was not present.

Sample Receipt:

NELAP accreditation was held for all analyses performed unless noted below.  See www.phaseonline.com
for complete PSS scope of accreditation.

Any holding time exceedances, deviations from the method specifications, regulatory requirements or variations to the
procedures outlined in the PSS Quality Assurance Manual are outlined below.

The analyses of chlorine, pH, dissolved oxygen, temperature and sulfite for drinking water and non-potable samples
tested for compliance have a maximum holding time of 15 minutes.  As such, all laboratory analyses for these analytes
exceed holding times.

Matrix spike and matrix spike duplicate analyses may not be performed due to insufficient sample quantity.  In these
instances, a laboratory control sample and laboratory control sample duplicate are analyzed unless otherwise noted or
specified in the method.

Unless otherwise noted, surrogate recoveries outside of the acceptance criteria are most often the result of sample
matrix interference and/or sample dilution.

Quality control samples that display a high bias will not be narrated when sample target compounds are not detected.
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Analytical Data Package Information Summary 

FSU Education and Health Sciences CenterProject Name:
Schnabel Engineering, LLC,  Baltimore, MD

Stu KearnsProject Manager:

Report Prepared For: 
18082412Work Order(s): 

EPA 300.0

SM2540G

Method

B-3 2.5-6.5'

B-7 8.5-11.5'

B-12 35.0-41.5'

B-15 2.5-6.5'

73008-1-BKS

73008-1-BLK

73008-1-BSD

B-3 2.5-6.5' S

B-3 2.5-6.5'

B-7 8.5-11.5'

B-12 35.0-41.5'

B-15 2.5-6.5'

Client Sample Id

18082412-001

18082412-002

18082412-003

18082412-004

73008-1-BKS

73008-1-BLK

73008-1-BSD

18082412-001 S

18082412-001

18082412-002

18082412-003

18082412-004

Lab Sample Id

S

S

S

S

S

S

S

S

S

S

S

S

Mtx

73008

73008

73008

73008

73008

73008

73008

73008

156577

156577

156577

156577

Prep Batch

156620

156620

156620

156620

156620

156620

156620

156620

156577

156577

156577

156577

Analytical  Batch

08/24/2018

08/24/2018

08/24/2018

08/24/2018

--------

--------

--------

08/24/2018

08/24/2018

08/24/2018

08/24/2018

08/24/2018

Sampled

08/27/2018 11:12

08/27/2018 11:12

08/27/2018 11:12

08/27/2018 11:12

08/27/2018 11:12

08/27/2018 11:12

08/27/2018 11:12

08/27/2018 11:12

08/27/2018 13:32

08/27/2018 13:32

08/27/2018 13:32

08/27/2018 13:32

Prepared

08/27/2018 16:34

08/27/2018 17:19

08/27/2018 17:41

08/27/2018 18:04

08/27/2018 15:49

08/27/2018 15:27

08/27/2018 16:12

08/27/2018 16:56

08/27/2018 13:32

08/27/2018 13:32

08/27/2018 13:32

08/27/2018 13:32

Analyzed

1053

1053

1053

1053

1053

1053

1053

1053

1061

1061

1061

1061

Analyst

Initial

Initial

Initial

Initial

BKS

BLK

BSD

MS

Initial

Initial

Initial

Initial

Analysis Type
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QC Summary 18082412

Schnabel Engineering, LLC
FSU Education and Health Sciences Center

PHASE SEPARATION SCIENCE, INC.

73008-1-BLK

18082412-001

MB Sample Id:

Parent Sample Id:

Solid

Soil

Matrix:

Matrix:

EPA 300.0

EPA 300.0

Analytical Method:

Analytical Method:

E300.0P

E300.0P

Prep Method: 

Prep Method: 

08/27/18

08/27/18

Date Prep: 

Date Prep: 

Chloride

Sulfate

Chloride
Sulfate

Parameter

Parameter

%RPD Flag

Flag

20

20

RPD
Limit

7

8

156620

156620

Seq Number:

Seq Number:

08/27/18 15:49

08/27/18 15:49

08/27/18 16:56
08/27/18 16:56

Analysis
Date

Analysis
Date

Limits

Limits

90-110

90-110

69-122
41-138

LCSD
%Rec

101

101

LCSD
Result

497.4

495.3

LCS
%Rec

MS
%Rec

103

103

89
98

535.7

534.7

1199
679.9

Spike
Amount

Spike
Amount

520.8

520.8

613.6
613.6

MB
Result

Parent
Result

<52.08

<52.08

651.4
78.44

73008-1-BKS

18082412-001 S

LCS Sample Id:

MS Sample Id:

73008-1-BSDLCSD Sample Id:

mg/kg

mg/kg

mg/kg
mg/kg

Units

Units

LCS
Result

MS
Result

F = RPD exceeded the laboratory control limits
X = Recovery of MS, MSD or both outside of QC Criteria
H= Recovery of BS,BSD or both exceeded the laboratory control limits
L = Recovery of BS,BSD or both below the laboratory control limits
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Sample Receipt Checklist

Phase Separation Science, Inc

18082412Work Order #

08/24/2018 01:55:00 PMDate Received

ClientDelivered By

Schnabel Engineering, LLC Client Name

18C41028Project Number

FSU Education and Health Sciences Project Name

Thomas WingateReceived By

Not ApplicableTracking No

Shipping Container(s)
No. of Coolers

Ice
Temp (deg C)
Temp Blank Present 

Total No. of Samples Received
Preservation

1

26.3
No

4

For any improper preservation conditions, list sample ID, preservative added (reagent ID number) below as well as
documentation of any client notification as well as client instructions.  Samples for pH, chlorine and dissolved oxygen
should be analyzed as soon as possible, preferably in the field at the time of sampling.  Samples which require thermal
preservation shall be considered acceptable when received at a temperature above freezing to 6°C.  Samples that are
hand delivered on the day that they are collected may not meet these criteria but shall be considered acceptable if there is
evidence that the chilling process has begun such as arrival on ice.

Comments: (Any "No" response must be detailed in the comments section below.)

Sample(s) received at a temperature greater than 6 degrees C and ice was not present.

Samples Inspected/Checklist Completed By: Date:

PM Review and Approval: Date:

Logged In By Thomas Wingate

Absent

Disposal Date 09/28/2018

Thomas Wingate

Amber Confer

08/24/2018

08/24/2018

Total Metals
Dissolved Metals, filtered within 15 minutes of collection
Orthophosphorus, filtered within 15 minutes of collection
Cyanides
Sulfide
TOC, DOC (field filtered), COD, Phenols
TOX, TKN, NH3, Total Phos
VOC, BTEX (VOA Vials Rcvd Preserved)
Do VOA vials have zero headspace?
624 VOC (Rcvd at least one unpreserved VOA vial)
524 VOC (Rcvd with trip blanks)

(pH<2)
(pH<2)

(pH>12)
(pH>9)
(pH<2)
(pH<2)
(pH<2)

(pH<2)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Appropriate for Specified Analysis?
Intact?
Labeled and Labels Legible?

Yes
Yes
Yes

Sample Container

COC agrees with sample labels?
Chain of Custody

Yes
Yes

Documentation
Not ProvidedSampler Name

Custody Seal(s) Intact?

Seal(s) Signed / Dated

Total No. of Containers Received 4

Not Applicable

Not Applicable

N/A

Custody Seal(s) Intact?
Seal(s) Signed / Dated? 

N/A
N/A
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1.0 EXECUTIVE SUMMARY 

This report presents the results of our subsurface exploration for the proposed Education and Health 
Sciences Center (EHSC) in Frostburg, Maryland for Ayers Saint Gross and University of Maryland.
Based on our soil test boring and rock coring data, review of available historical mine maps, and
downhole camera survey, we have developed the following summary of our major conclusions and 
recommendations.  Detailed recommendations are presented in the body of the report.

The objective of this study was to provide comments on potential future mine-related subsidence 
based on a review of available reports and historic data, the results of our subsurface 
investigation, and results of empirically based analytical methods. Specific geotechnical 
engineering design recommendations are not included herein and are provided under separate 
cover.

The proposed Education and Health Sciences Center (EHSC) will be located to the west of the 
Lane Center and north of the Cordt’s Physical Sciences Center.  The site is currently occupied by 
a gravel parking lot, green areas and Stadium Road. Stadium Road will be re-routed as part of 
the new construction.

Underground mining for coal occurred beneath the site during a period from the late 1800’s to the 

1950’s using room and pillar mining methods.  The two mined coal seams directly below the site 
are the Tyson seam and the Pittsburgh seam.  Based on our investigation, the Tyson and 
Pittsburgh mines below the site have not been stabilized/treated. 

Our subsurface exploration included drilling 16 deep borings (extending 100 to 200 ft below 
existing grades), two of these borings extended through the Pittsburgh coal seam and mine 
workings.  The remaining 14 borings extended through the Tyson coal seam and mine workings, 
but terminated above the level of the Pittsburgh coal seam.  Additionally, 12 shallow borings were 
drilled for pavement and stormwater management purposes.

We reviewed four previous geotechnical investigations performed by our office near the proposed 
project site. These included the Performing Art Center (April 27, 1990), the Compton Science 
Center (May 2000), the Lane Center Addition (October 31, 2008), and the Center of 
Communication and Information Technology (February 15, 2011). The results of these previous 
investigations indicated that the Tyson coal seam was encountered in borings at the following 
approximate elevations:

o Performing Art Center:  EL +1849 (ft) to EL +1823 (ft)
o Compton Science Center:  EL +1857 (ft) to EL +1825 (ft)
o Lane Center Addition:  EL +1868 (ft) to EL +1853 (ft)
o Center of Communication and Information Technology:  EL +1867 (ft) to EL +1852 (ft)

The results of these previous investigations indicated that Pittsburgh coal seam was encountered
at the following approximate elevations:

o Performing Art Center:  The Pittsburgh coal seam was not directly encountered within the 
borings; however, voids and caved rubble zones were encountered between EL +1772 
(ft) to EL +1731 (ft).
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o Compton Science Center: EL +1776 (ft) to EL +1732 (ft)
o Lane Center Addition: Not encountered within depths explored in the borings.
o Center of Communication and Information Technology:  Collapsed zone observed at 

about EL +1780 (ft) and bottom of mine estimated at EL +1763 (ft) based on wood 
fragments encountered.

We also reviewed two historical mine maps. One mine map included the Tyson mine, while the 
other map included the Pittsburgh mine. 

o The Tyson mine map indicates the extents of the mine terminate just west of the Lane 
Center and just north of the Cordt’s Physical Education Center.  The mine map shows the 
extents of the mine as mapped in 1925 -1926 time frame. However, based on our 
investigation, the mine workings extend beyond the map’s extents and lie below the 
subject site.

Based on the results of our investigation, we estimate an extraction of 
approximately 75 percent considering that some retreat mining / robbing of pillars 
was likely performed at the site (as was observed during other FSU 

investigations).
o The Pittsburgh coal seam map indicates that the subject site was entirely retreat mined.

Our site-specific investigation indicated that:
o The top of the Tyson coal seam or voids were encountered at depths ranging from about 

42.1 to 70.0 ft below existing grades, or between about EL + 1879.5 (ft) and EL +1864
(ft). The observed Tyson coal seam ranged from 1.0 to 4.0 ft thick, with an average 
thickness of 2.3 ft. Voids were encountered at the level of the Tyson mine workings in 
five of the borings, B-2, B-5, B-9, B-14, and B-15. Although voids were not directly 
observed in borings B-3, B-10, and B-11, the absence of the Tyson coal seam and the 
prevalence of intensely fractured rock above where the coal was expected to be suggests
that the Tyson coal was mined and the rock above the mine has collapsed.  A 7.5 ft void 
was observed at B-15; however, the larger void thickness is not believed to be indicative 
of the thickness of the mine in this area and is likely due to a collapsed zone above the 
mine (observed during the downhole camera survey). At the other 11 deep boring 
locations, intact coal or broken bedrock material (or “mine gob”) / collapse was observed 
at the mine level. 

o Two borings (B-2 and B-15) were drilled through the level of the deeper Pittsburgh mine 
workings and were extended to 200 ft. Based on the observations within boring B-2, the 
collapsed zone above the Pittsburgh mine workings is believed to start at about 142.6 ft
below ground surface (EL + 1782.5 ft). This zone consisted of intensely fractured shale 
and coal. Directly below the collapsed zone, a void was encountered from 144 ft 
extending to 149.9 ft below grade, or to about EL +1775.2 (ft). A 5.5-inch piece of wood 
was encountered at 144 ft and is believed to possibly be part of the old mine workings 
timber support.  At boring B-15, coal was encountered at about 137.9 ft below existing 
grades or at about EL +1788 (ft).  The coal extended about 3.5 inches at which point a 
1.7 ft void was encountered. Below the void, coal was encountered down to 142 ft or to 

about EL +1783.9 (ft).  Some partial collapse above the coal was is likely based on the 
rock core recovery values.  
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Please note that no borings were advanced along the west and southwest portions of the 
proposed building footprint, as the orientation of the building was reconfigured after drilling was
completed.  We highly recommend that additional borings be drilled along the west and 
southwest portions of the building to assess whether or not the Pittsburgh mine is shallower in 
this area.  If the mine is encountered at shallower depths than the depths encountered in the two 
borings advanced in our investigation, the potential for subsidence may be greater and grouting 
measures may be required to stabilize the mine. 

We are providing this executive summary solely for purposes of overview. Any party that relies on this 
report must read the full report. This executive summary omits several details, any one of which could be 
very important to the proper application of the report.
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2.0 SCOPE OF SERVICES

Our proposal dated March 21, 2018, and incorporated into the AIA Agreement dated May 16, 2018,
defines the scope of services for this project. The scope of services for the mine assessment report
includes the following:

Review of the available historical mine maps and documents, as well as available in-house 
geotechnical engineering data and information on underground mine conditions in the immediate 
vicinity of the project site.

Preparation of mine location maps for both the Tyson and Pittsburgh coal seams showing the 
location of mine workings mapped by others in relation to existing site features and the planned 
building footprint.

Results of subsurface investigation including boring logs, camera survey, and a description of 
subsurface conditions encountered including an assessment of the condition and depth of mined 
coal seams encountered beneath the planned building site.

Analysis of the potential for future mine-related building subsidence based on a review of 
available reports and historic data, the results of the subsurface investigations, and results of 

empirically based analytical methods.

Recommendations for abandoned underground mine stabilization to mitigate potential differential 
settlements related to mine subsidence beneath the new building.

Services with respect to geotechnical design recommendations for building development such as 
allowable bearing capacity, soil laboratory testing, lateral earth pressure, rock excavation or subdrainage 
are not included in this report.
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3.0 DESCRIPTION OF SITE AND PROPOSED CONSTRUCTION

We understand that a new building – the Education and Health Sciences Center – is planned at Frostburg 
State University in Frostburg, Maryland.  The building will be bounded by Lane University Center and the 
Hitchins Administration Building to the east, Cordts Physical Education Center to the south, the baseball 
field to the west, and the Ort Library to the north.  A Site Vicinity Plan is included as Figure 1. The area is 

currently occupied by landscaped and grass areas, Stadium Road, and a gravel parking area.  Existing 
grades increase from about EL +1915 (ft) in the west to EL +1937 (ft) in the east.  A retaining wall runs 
along the eastern border of the subject site. We understand that the proposed building footprint will be 
about 26,500 square feet (sq ft) in area.  The building will be four stories tall, with a lowest level at 
approximately EL +1924 (ft).  Based on information provided by the Structural Engineer, Cagley and 
Associates, Inc., column loads will range between about 170 and 725 kips.

The site was mined for coal during a period from the late 1800’s to the 1950’s using room and pillar 
mining methods. The two mined coal seams directly below the site are the Tyson seam and the 
Pittsburgh seam. The objective of this study was to provide comments on potential future mine-related 
subsidence, and possible mitigation options based on a review of available reports and historic data, the 
results of the subsurface investigation, and results of empirically based analytical methods. Geotechnical 
design recommendations are not included herein and have been provided under separate cover.

We have reviewed and considered pertinent information contained in the following technical reports and 
drawings prepared by others in preparation of this Abandoned Underground Mine Assessment Report: 

Existing topographic site plan dated July 11, 2018, prepared by AULtec.

Updated building layout provided by your office on October 3, 2018.

Three historical mine assessment reports including the following:
o State of Maryland, Department of General Services, Supplementary Report, Mine Risk 

Study – TF-6-(ST)736-(1), Frostburg State College, Frostburg Maryland (April 21, 1975)
o State of Maryland, Department of General Services, Re-Evaluation Report, Mine Risk 

Study, Frostburg State College, Frostburg, Maryland, (June 7, 1976) 
o Final Report, Mine Subsidence Protection & Stabilization, Frostburg State College, 

Maryland (undated, estimated circa 1978) 

Two historical mine maps including the following:
o The Consolidation Coal Co. Tyson Mine map, digitized and provided by the Western 

Maryland Regional GIS Center, Frostburg State University, (provided digitally July 2010)  
o The Consolidation Coal Co. Pittsburgh Mine map, digitized and  provided by the Western 

Maryland Regional GIS Center, Frostburg State University, (provided digitally July 2010)  
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4.0 HISTORICAL MINE MAP AND LITERATURE REVIEW

Schnabel reviewed excerpts of the following reports prepared by others as part of our historical literature 
review:

State of Maryland, Department of General Services, Supplementary Report, Mine Risk Study –
TF-6-(ST)736-(1), Frostburg State College, Frostburg Maryland (April 21, 1975)

State of Maryland, Department of General Services, Re-Evaluation Report, Mine Risk Study, 
Frostburg State College, Frostburg, Maryland (June 7, 1976) 

Final Report, Mine Subsidence Protection & Stabilization, Frostburg State College, Maryland

(undated, estimated circa 1978) 

Based on our understanding of the above referenced historical mine reports, FSU expanded into low 
lying, previously undeveloped land in the 1960’s and 1970’s.  During construction of two new buildings, it 
came to light that most or all of the buildings were built over abandoned coal mines.  In response to the 
referenced mine risk studies, flush grouting was performed to stabilize abandoned mine workings 
beneath selected buildings with elevated subsidence hazards. 

Three existing buildings (namely, the Physical Education Building, Ort Library, and Lane Center) are 
located in relatively close proximity to the proposed EHSC building. Some key information from the 

referenced reports, regarding the condition of abandoned underground coal mining below these three
existing buildings, follows:

General:

Based on the Final Report (1978), the Tyson seam is 3 to 4 ft thick and the Pittsburgh seam is 
approximately 9 to14 ft thick, with a local dip of about 7 degrees in an easterly direction. 

During mining, the Pittsburgh seam was typically divided into three sections: bottom, middle 
(breast), and rations. Generally, the middle section was 5 ft thick and usually mined first. After 
the middle section was mined, a 3 ft thick bottom section would be mined. The rations (roof 
material) referred to a 1 ft thick zone that was interbedded with shale and not mined. 

The extraction ratio for both seams was estimated to be about 70% - 80%. 

The authors denote that while some mine maps were available, they have been shown in the past 
to be unreliable due to original inaccuracy and subsequent removal or “robbing of pillars”.

To reduce the risk below the three buildings, the authors recommended grouting directly under 
the buildings plus the area of projection of a surface sloping outwards and down from the edge of 
the building at an angle of 15 degrees from the vertical to its intersection with the mine. The grout 
intake was limited to 50 cubic yards per day per grout hole, and the water to grout ratio was 5:1. 

The 1976 report contains information on mine drainage:
o Lack of groundwater during investigations are believed to be due to gravity drains placed 

in the Pittsburgh mine.
o Three drainage outlets were constructed in the FSU campus area.
o Often a passage was opened into the Pittsburgh from the Tyson to take advantage of the 

gravity drainage. 
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Ort Library:

The mine subsidence ‘risk estimate’ was indicated as “Moderate Risk.”

Both coal seams underlie the Ort Library Building. The Tyson coal seam was reported to be 10 ft 
below the ground floor at approximately EL +1910 (ft). The Pittsburgh coal seam was reported to 
be 111 ft below the ground floor at approximately EL +1810 (ft).

The Tyson mine below the Library was grouted using a fly ash cement mixture of varied 
consistency. Thirty-five (35) exterior holes were drilled along the periphery of the building, 
through which 445 cubic yards of medium thickness grout was placed by gravity. Fourteen (14)
interior holes were drilled, and 255 cubic yards of grout was placed by pressure and gravity.

Grouting of the Tyson seam below the Library reduced the risk from “Great” to “Moderate.”

Physical Education Building:

The mine subsidence ‘risk estimate’ was indicated as “Moderate Risk.”

Both coal seams underlie the Physical Education Building. The Tyson coal seam was reported to 
be 43 ft below the ground floor at approximately EL +1880 (ft). The Pittsburgh coal seam was
reported to be 153 ft below the ground floor at approximately EL +1770 (ft).

Mined out conditions at both coal seams were denoted in the 1975 report. A deep soil zone of 
about 55 ft was present at one corner of the building and 10 ft of soil over 35 ft of rock at another.

The1975 report denoted that only small quantities of grout could be placed in the rock zone.

The 1976 report indicates that 49 cubic yards of grout was placed into 5 air rotary borings at the 
site.

Lane Center:

The mine subsidence ‘risk estimate’ was indicated as “Moderate Risk” to “Strong Risk.”

Both coal seams underlie the Lane Center. The Tyson coal seam is reported to be 70 ft below 
the ground floor at approximately EL +1870 (ft). The Pittsburgh coal seam is reported to be 160 ft 
below the ground floor at approximately EL +1780 (ft). 

The Tyson seam was found to be mostly open and varied in depth from 54 ft at the southwest 
corner of the building to 80 ft on the north side. The Tyson seam was grouted and 25 ft center-to-
center spans between grout holes were maintained (15 and 26 degree battered holes), except 
within the most interior portion of the building due to geometrical limitations. The Pittsburgh seam 
was considered to be largely collapsed and too deep to pose a significant subsidence hazard. 
The collapsed Pittsburgh mine section was encountered at depth of 173 ft.

A total of 5,921 tons of grout (fly ash to cement ratio of 5:1) was injected.
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5.0 SUBSURFACE EXPLORATION PROGRAM

The subsurface investigation for this project included drilling of soil and rock core borings and a downhole 
camera survey of the encountered mine workings. The subsurface exploration included drilling 16 deep 
borings. All of the borings extended through the Tyson coal seam level.  Two of the borings were 
extended deeper through the Pittsburgh coal seam level.  The objective of this investigation was to 
provide subsurface information to aid in estimating the potential for future mine-related subsidence.  
Generalized subsurface profiles below the project site are shown in Figures 3 through 6 to the depths 
investigation for this project.  These correspond to the profile lines presented in Figure 2.

5.1 Geology

This site is underlain by sedimentary rock, including interbedded shale, siltstone, coal, and sandstone 
rock units of the Permian age Dunkard Group, and Permian or Pennsylvanian age Monogahelia Group, 
and the Pennsylvanian age Conemaugh Group geologic formations (Brezinski, 1988).  The site is 
covered with surficial soil overburden consisting of existing fill and residual soil.  The soil overburden 
overlies bedrock units.  Named coal seams within investigation depths include (from uppermost to 
lowermost in the stratigraphic section) Lower Sewickley (or Tyson), Redstone, and Pittsburgh.  The top of 
the Waynesburg coal seam, which defines the stratigraphic base of the Dunkard Group, and the 
Uniontown coal seam were not encountered in this investigation.  The bottom of the Pittsburgh coal seam 
marks the stratigraphic base of the Monogahelia Group.  

Structurally, the Frostburg area is located on the northwestern flank of the George’s Creek Syncline 
(Brezinski, 1988), which has warped the rock strata into a broad geologic basin known as the George’s 
Creek Basin. The rock strata below the Frostburg area dips gently to the southeast at inclinations of 2 
degrees to 10 degrees and generally strikes to the northeast.  

Historically, the primary mined coal seams in the area include the Tyson and Pittsburgh seams. Mine
workings in these coal seams were encountered during subsurface investigations by Schnabel 
Engineering for the Performing Arts Center (1990), the Compton Science Center (2000), the Lane Center

Addition (2008), and the Center of Communication and Information Technology (2011).  The Tyson and 
Pittsburgh coal seams crop out west of Compton Hall above Sandy Spring Run.  Localized underground 
mining of the other coal seams, including the Redstone seam, was encountered west of Sandy Spring 
Run during subsurface investigations for the construction of the Appalachian Laboratory (Schnabel 
Engineering Associates, 1997).

5.2 Data Collection Techniques

Triad Engineering, Inc. drilled 16 deep borings under our observation to develop our mine hazard 
assessment (provided herein) and our geotechnical recommendations (provided under separate cover).  
In addition to the 16 test borings, a downhole camera survey was performed in select borings to observe 
features noted in the boring logs. Twelve (12) shallow borings were also conducted for pavement and 
stormwater management purposes.  The logs for the 12 shallow borings are included in the separate 
geotechnical report and are not included in this report. The results of the borings and downhole camera 
survey are described in greater detail herein.  
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It is important to note that the final footprint of the planned building had not been set at the time of our 
subsurface investigation.  Therefore, we recommended drilling additional borings along the west / 
southwest portion of the proposed building. However, this final report has been prepared per your 
request without drilling any additional borings.

5.3 Generalized Subsurface Stratigraphy

We characterized the following generalized subsurface stratigraphy based on our subsurface exploration 
included in Appendix A.  The strata designations do not imply continuity of materials encountered 

elsewhere on site but reflect the general description and characteristics of the subsurface materials at the 
boring locations.

Ground Cover: (Topsoil or Pavement)

At the majority of the boring locations, up to 7 inches of topsoil, or about 3 to 4 inches of asphalt 
overlaying 2 to 7 inches of gravel base was encountered at the ground surface.  At boring B-2, 
which was located in a concrete sidewalk, 5 inches of concrete over 4 inches of gravel was 
encountered. These depths may vary at other locations at the site.   

Stratum A:  Fill and Probable Fill

Below the ground cover materials to depths ranging from 2.5 to 20 ft below the ground surface, 
the borings encountered fill and probable fill soils generally consisting of silty sand, sandy silt, 
clayey sand, lean clay, silty gravel with sand, poorly graded gravel, clayey gravel, sandy lean 
clay, and sandy fat clay, containing various amounts of gravel, roots, clay pockets, rock 
fragments (shale and sandstone), brick, asphalt, concrete fragments, clayey sand pockets, wood 
chips and fragments, cemented sands, and grass. Based on the Standard Penetration Tests 
(SPTs), this stratum exhibits generally variable density and consistency.  The SPT N-values 
ranged from 2 blows per foot (bpf) to 57 blows over 8 inches of penetration.

Stratum B1:  Residual Deposits (Fine Grained)

Below the Stratum A soils and interbedded with Stratum B2 soils to depths of up to 35 ft below 
the ground surface, the majority of the borings encountered a fine grained residual deposit 
consisting of brown, reddish brown, yellowish red, dark red, yellowish brown, light brown, gray, 
black, and orangish brown LEAN CLAY (CL) and FAT CLAY (CH) with varying amounts of sand 
and gravel and containing various amounts of rock fragments (sandstone and shale), cemented 
sands and trace, thin coal seams. Based on the SPT results, this stratum was generally medium 

stiff to hard (SPT values varied from 7 bpf to 40 bpf.)  

Stratum B2:  Residual Deposits (Coarse Grained)

Below the Stratum A soils and interbedded with Stratum B1 soils to depths of up to 57.5 ft below 

the ground surface, the borings encountered a coarse-grained residual deposit consisting of 
brown, dark reddish brown, yellowish brown, reddish brown, dark brown, black, gray and dark 
gray silty SAND (SM), clayey SAND (SC), silty, clayey SAND with gravel (SC-SM), poorly graded 
GRAVEL (GP), sandy SILT (ML), silty GRAVEL (GM), silty GRAVEL with sand (GM), and clayey 
GRAVEL with sand (GC), containing various amounts of rock fragments (sandstone and shale) 
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and trace amounts of quartz fragments.  Based on the SPT results, this stratum was generally 
loose to very dense (SPT values varied from 7 bpf to 59 bpf).

Stratum C:  Disintegrated Rock

Below Stratum B1 and below and interlayered with Stratum B2, borings B-1 through B-4, borings 
B-6 through B-11, and B-13 through B-16 encountered DISINTEGRATED ROCK material to 
depths up between 30.9 and 50 ft below the ground surface. The DISINTEGRATED ROCK 
sampled as gray, dark gray, brown, reddish brown, black, yellowish brown, and dark brown silty 
gravel, silty gravel with sand, sandy silt, and silty sand, containing various amounts of rock 
fragments (shale and sandstone). At boring B-8, from 30 to 35 ft below surface grades, 
predominately coal fragments were encountered.  SPT N-values varied from 80 bpf to 50 blows 
per 0 inches of penetration, indicating that this stratum is generally very dense.

Stratum D:  Bedrock

Below the disintegrated rock of Stratum C, Stratum D bedrock was encountered to the 
termination depths of borings B-1 through B-16. The bedrock consisted predominantly of light to 
dark gray interbedded shale, siltstone, and black coal of the Pennsylvanian age Monongahela 
Group formation. Bedrock depths at the site are known to be highly variable. The bedrock was 
typically weak to medium strong in the shale and siltstone, and very weak to weak in the coal, 
highly to slightly weathered in the shale and siltstone, fresh in the coal, intensely to moderately 
fractured in the shale and siltstone, and intensely to highly fractured (occasionally moderately 
fractured) in the coal. The siltstone and shale were typically stronger and less fractured than the 
coal. 

Three named coal seams (the Tyson, the Redstone, and the Pittsburgh, from stratigraphic high to 
low elevation) were encountered within Stratum D. Voids were encountered in five borings at the 
Tyson coal seam level (borings B-2, B-4, B-9, B-14, and B-15). The Pittsburgh coal seam level 
was encountered in the two, 200 ft borings (B-2 and B-15). In B-2, the Pittsburgh coal seam level 
was observed as a void and a piece of wood was recovered (potentially a timber support), and in 
B-15, it was observed as a void in between 2 thinner layers of coal. 

Recovery values within Stratum D were highly variable but typically good (greater than 85
percent) below the first 10-20 ft of rock coring.  Recovery is defined as the total recovered core 
length in a run divided by the total core run length, as a percentage.  However, generally lower 
recovery values (<85 percent) were observed within the top 10 to 15 ft of rock coring, which is 
believed to be associated with collapse above the Tyson coal seam level.  Recovery was also low 
within the Redstone coal seam and was generally attributed to the coal washing away during 
drilling and is not believed to be associated with voids. 

Rock Quality Designation (RQD) is defined as the sum of sound core pieces greater than or equal 
to 4 inches in length divided by the core run total length, as a percentage. RQD values were quite 
variable. These values ranged between 0 and 18 percent in the Tyson coal seam level and 
between 0 and 25 percent in the Pittsburgh coal seam level. Typically, higher RQD values were 
observed below the Tyson and Pittsburgh coal seam levels in siltstone and shale.
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Residual soils are derived through the in-place physical and chemical weathering of the underlying rock.  
Disintegrated rock is defined as residual material with SPT N values between 60 blows per foot and 
refusal.  Refusal is defined as an N value of 100 blows for a penetration of 2 inches or less. Disintegrated 
rock and bedrock was encountered in all of the deep borings (Borings B-1 through B-16).  We observed 
refusal on rock in these borings at depths of 30.1 to 57.5 ft below existing grades, or about EL +1895 (ft) 
to EL +1867.4 (ft).

The soil group symbols, indicated on the boring logs and in the generalized subsoil stratum descriptions 
above, represent the Unified Soil Classification System (USCS) group symbols and are based on visual 
observation of the specimens recovered, per ASTM D-2488.  The criteria for visual identification of soil 
specimens are presented in Appendix A.  It should be noted that there may be differences between 

visual classifications and laboratory classifications based on ASTM D-2487.

5.4 Groundwater

Groundwater flow into the coal mines in the Frostburg area was drained either at mine entrances at the 
coal seam “crop” line or through regional drainage tunnels located below George’s Creek. Groundwater 
encountered below the FSU campus is typically perched within soil overburden material above bedrock, 
or within localized fracture systems in bedrock. As noted in the 1976 Mine Assessment Re-Evaluation 
Report, gravity drains were placed in the Pittsburgh mine and often a passage was opened into the 
Pittsburgh mine from the Tyson mine to take advantage of the drains.

During our subsurface exploration, upon completion of drilling and prior to pulling augers, groundwater 
was observed at depths between 6.4 and 185 ft below the ground surface, or between EL +1919.3 (ft) to 

EL +1740.1 (ft).  Twenty-four (24) hour groundwater level readings were taken at 13 of the deep boring 
locations, B-1 through B-6, B-8, B-10 through B-13, B-15, and B-16.  At 12 of these locations, PVC pipe 
was installed or auger casing was left in the hole in an attempt to prevent sidewall cave in.  At boring B-6, 
no pipe or casing remained in the hole.  Groundwater at B-6 was observed at 33.1 ft below the ground 
surface, or about EL +1886.9 (ft), and boring sidewalls caved to 36 ft below the ground surface or to 
about EL +1884 (ft). At the twelve (12) PVC pipe/cased locations, groundwater was observed between 
depths of 26.8 and 123.3 ft below existing grades, or between about EL +1891.7 (ft) and EL +1802.6 (ft), 
with the majority of the readings indicating groundwater at about 80 ft below existing grades.  

The shallower groundwater observed is likely from water added to the boring during rock coring or 
perched water within the soil overburden material above bedrock. Localized perched groundwater 
conditions may be expected within Strata A and B soils. We encountered perched water in borings B-1, 
B-4, B-6, B-7, B-13, B-15, and B-16. Perched groundwater can occur when a lower permeability layer 
retards surface water infiltration. 

The groundwater levels likely do not represent stabilized water level readings as water was introduced to 
the hole during coring operations and the coring water may not have had time to dissipate prior to 
grouting. Some of the deeper groundwater observations may indicate that water is located within the 
Pittsburgh mine level. 

The groundwater levels on the logs indicate our estimate of the hydrostatic water table at the time of our 
subsurface exploration.  The final design should anticipate the fluctuation of the hydrostatic water table 
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depending on variations in precipitation, surface runoff, pumping, evaporation, leaking utilities, and similar 
factors.

5.5 Camera Survey

A camera survey was performed in select borings (B-1, B-2, B-3, B-5, B-10, and B-15) to confirm the 
boring observations.  The survey did not extend to the Pittsburgh coal level due to depth and water 
tolerance limitations of the borescope.  A particular emphasis was placed on recording void zones and 
collapse in the vicinity of the Tyson mine.  The camera survey consisted of a combination of video and 
still photos.  

The observations made within the camera survey generally support the observations made in the borings 
with regard to rock type, degree of weathering and fracturing, and groundwater levels. The camera 
survey also provided additional insight of collapsed zones where the Tyson coal seam was not 
conclusively determined from the rock coring.  The photos selected for Appendix B, and summarized 

below, provide an overall representation of various conditions encountered.  A short summary of the 
photo logs included in Appendix B is given below.

Boring B-1
In boring B-1, disintegrated rock was observed at a depth of about 34.5 ft (Photo 1) just above the shale 
bedrock. Relatively competent shale was viewed at a depth of about 55 ft (Photo 2), roughly 5 ft above 

the Tyson coal seam level. A slightly lower recovery value (REC = 83 percent) was obtained from 52 to 
62 ft and black water wash off in the cuttings was observed indicating that some coal may have washed 
out during coring. At a depth of about 58 ft (Photo 3), core water in the borehole can be observed as can 
core water stained sidewalls.  The video camera survey did not extend beyond the level of the water in 
the borehole and; therefore, we were not able to obtain any photos of the coal seam (which was 
approximately encountered in the field at a depth of about 62 ft).

Boring B-2
At boring B-2, potential collapse was observed from about 33.5 to 38 ft (Photo 2) which is also reflected in 
the recovery value of the rock core taken from 32.5 to 42.5 ft (REC = 78 percent).  Photos 2 and 3 show 
the variation in the quality of shale between 40 and 52 ft (varying between moderately fractured and 
relatively competent rock).  Photo 4, taken at a depth of about 57.5 ft from the ground surface, shows the 
top of the void location. Collapsed conditions at the bottom of the void are shown in Photo 5 and 
competent rock with a thin clay seam was observed at a depth of about 65 ft below the ground surface
(Photo 6).

Boring B-3
At boring B-3, disintegrated rock conditions were observed at a depth of about 35 ft below ground surface 
(Photo 1).  A potential collapsed zone at about a depth of 43 ft was observed (Photo 2) and continued 
collapsed conditions were observed to about 55 ft below existing grade (Photo 3).  Lower rock core 
recovery values were obtained from 42 to 52 ft (REC = 53 percent) and from 52 to 62 ft (REC = 75 
percent) which is in agreement with the observed collapse conditions from the camera survey. 
Competent bedrock was observed at a depth of about 60 ft (Photo 4).  Photos 2 through 4 support the 
recovery amounts obtained during the rock coring. No coal or void space was encountered during rock 
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coring at boring B-3; however, due to the lower recovery values and camera survey, we believe that the 
Tyson coal seam was mined out at this location.

Boring B-5
Due to equipment malfunction of the camera, Frostburg State University personnel lent us their downhole 
camera for boring B-5. The depths shown on the photos were relative to the start of the survey and do 
not correlate directly to the depth below surface grades.  Photo 1 taken at a depth of about 55 ft below the 
ground surface shows the start of the void.  Collapsed rock was observed at about a depth of 57 ft (Photo 
2) and the camera could not be advanced any further.

Boring B-10
In boring B-10, a partially collapsed zone or highly fractured zone was observed at a depth of about 51 ft 
below the ground surface (Photo 1) which is in agreement with the lower recovery values from 50 to 52 ft 
(REC = 75 percent).  Possible collapsed zones were also observed from a depth of 62 to 65 ft (Photo 2) 

and from 68 to 72.5 ft (Photo 3).  Again, the potential collapsed zones agree with the recovery value of 
the rock core taken from 62 to 72 ft (REC = 76 percent). Considering the camera survey observations 
and the lower recovery value, we anticipate that the Tyson seam was mined out in this area. Photo 4 
shows a view of the weathered rock/ rougher surface zone at about a depth of 70 ft.  Photo 5 shows 
competent shale bedrock at a depth of about 81 ft.

Boring B-15
In boring B-15, the transition from soil to disintegrated rock was observed at about a depth of 40 ft below 
surface grades (Photo 1). Competent shale rock was observed above the void space at a depth of about 
43 ft (Photo 2). Collapsed rock was observed at a depth of about 46.5 ft and the beginning of the void 
space is visible in Photo 3.  Photo 4 shows collapsed rock in the void at a depth of 49 ft. The camera 
could not be advanced beyond 49 ft due to the collapsed rock.  Lower rock core recovery values were 
obtained from a depth of about 40.3 to 41.8 ft (REC = 67 percent) and from 41.8 to 51.8 ft (REC = 46 
percent). A larger void space was observed during coring at the B-15 location and is likely due to the 
partially collapsed material.

5.6 Discussion of Mine Conditions

Three named coal seams were observed within the boring locations.  This includes the Tyson, Redstone,
and Pittsburgh.  We consider the Redstone coal to be generally unmined, while the Tyson and Pittsburgh 
coals are mined.  These coal and mine levels are described in greater detail hereinafter in order from 
stratigraphic high to low elevation.

The estimated distribution of the Tyson and Pittsburgh mine workings beneath the project site based on 
mining survey maps (provided by from Western Maryland Regional GIS Center, Frostburg State 
University) are shown on Figure 7 and 8, respectively.  It should be noted that the mine maps reflect a 
“snapshot” of conditions at the time of the survey.  Subsequent removal of all or portions of the 
coal pillars or extension of the mines beyond the extents shown may have occurred subsequent 
to the survey.

Our investigation indicates that the shallowest mine and coal seam locations were encountered beneath 
the northwestern portion of the site, with the mine horizon deepening to the southeast. On our site, the 
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Tyson mine deepens at an average inclination of about 3 degrees and the Pittsburgh mine deepens at an 
average inclination of about 2 degrees from north to south.

5.6.1 Tyson Mine

The top of the Tyson coal seam or voids at the Tyson level were encountered at depths ranging from 
about 42.1 ft to about 70.0 ft below existing grades, or between about EL + 1879.5 (ft) and about EL 
+1864 (ft). The observed Tyson coal seam ranged from 1.0 to 4.0 ft thick, with an average thickness of 
2.3 ft. Voids were encountered at the level of the Tyson mine workings in five of the borings, B-2, B-5, B-
9, B-14, and B-15. Although voids were not directly observed in borings B-3, B-10, and B-11, the 
absence of the Tyson coal seam and the prevalence of intensely fractured rock above where the coal was 
expected to be suggest that the Tyson coal was mined and the rock above the mine has collapsed.   
A 7.5 ft void was observed at B-15; however, the larger void thickness is not believed to be indicative of 
the thickness of the mine in this area and is likely due to a collapsed zone above the mine (observed 
during the downhole camera survey).  At the other eleven deep boring locations, intact coal or broken 
bedrock material (or “mine gob”) / collapse was observed at the mine level. Of the 16 borings drilled, 
through a combination of the recoveries, core observations and downhole camera survey, voids and 
evidence of collapse were noted in about 55 percent of the borings.  

As noted above, the Tyson coal seam historical map is limited – providing only a “snap shot” in time – and 
shows minimal extension onto the subject site. Voids and/or collapsed rock zones were observed in 
borings drilled beyond the extents of the mapped mine, indicating that mining of the Tyson seam 
extended further onto the site than displayed.  Furthermore, borings which were drilled within the extent of 
the mapped mine only show partial agreement with the mine map. For instance, at boring B-7 a void 
would have been expected based on the mine map; however, relatively intact coal, 2.4 ft thick was 
encountered at this location.  At borings B-2 and B-3, evidence of mined conditions (void or collapse) was 
expected based on the mine map and was confirmed through the borings/coring and downhole camera 
survey. In conclusion: (1) where the map and the borings overlap there is partial agreement and (2) 
mining activities are evident beyond the limits of the mapped mine perimeter.

Considering the above factors, we cannot estimate the amount of coal that was removed from the Tyson 
seam by superimposing the proposed building footprint onto the mine map.  Nor can we create an 
assumed extension of the mine onto the site, as pillar and room construction – while roughly on a grid 
pattern – does not have a standard pillar size and is often times irregular due to conditions encountered 
during the mining process (e.g., thin and weak seams, unstable roof conditions, etc).  Therefore, we have 
developed a mine extraction ratio based on the borings and the downhole camera survey, we would 
estimate that about 55 percent of the coal has been removed from the Tyson coal seam in the upper mine 
beneath the proposed building.  This is in relative agreement with the historical observations of the mine 
extraction ratio below the campus, before taking retreat mining/robbing of pillars into consideration (1975 
Supplementary Report). Due to the limited mine map information and past investigations at FSU, we
have considered an extraction ratio of 75 percent under the proposed building to account for potential
retreat mining conditions.

Please note that no borings were drilled in the west/southwest portion of the building footprint and 
additional borings have been recommended.
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5.6.2 Redstone Coal

The Redstone coal seam was encountered in all of the borings, except boring B-10.  The top of the 
Redstone coal was observed at depths ranging between 80.9 and 99.9 ft below existing grades, or 
between about EL +1837.6 (ft) and EL +1827 (ft) and is generally considered to be intact (i.e. not mined).  
This is based on the recovery values observed within the borings. Where the entirety of the coal seam 
was cored, at nine of the deep boring locations, the coal seam was between 3.6 and 11.4 ft thick with an 
average thickness of 8 ft. 

5.6.3 Pittsburgh Mine

Two borings, B-2 and B-15, targeted the deeper Pittsburgh mine and extended to a depth of 200 ft.  
Based on the observations within boring B-2, the collapsed zone above the Pittsburgh mine workings is 
believed to start at 142 ft below ground surface (EL + 1782.5 ft). This zone consisted of intensely 
fractured shale and coal. Directly below the collapsed zone, a void was encountered from 144 ft 
extending to 149.9 ft below grade, or to about EL +1775.2 (ft). A 5.5-inch piece of wood was encountered 
at 144 ft and is believed to be part of the old mine workings timber support.  

At boring B-15, coal was encountered at about 137.9 ft below existing grades or at about EL +1788 (ft).  
The coal extended about 3.5 inches at which point a 1.7 ft void was encountered. Below the void, coal 
was encountered down and extended to 142 ft below existing grades or to about EL +1783.9 (ft).  Some 
partial collapse above the coal appears likely based on the rock core recovery values. The exact 
thickness of the seam at these locations is unknown considering the evidence of partial collapse above 

the void and/or encountered coal.  We anticipate that the thickness the seam to be between 6 and 8 ft.

Mined out and partially collapsed conditions were observed at the Pittsburgh mine level in the borings and 
is in agreement with the retreat mining expected in the area based on the mine map.  
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6.0 MINE SUBSIDENCE HAZARD

Mine-related subsidence at the ground surface from room and pillar coal extraction methods is typically 
manifested as localized trough and/or chimney-type subsidence.  Figure 9 provides sketches illustrating 

different subsidence types associated with room and pillar mining.  Much broader trough subsidence 
features associated with longwall mining are also shown on Figure 9; however, this type of subsidence is 

not expected at the site since longwall mining technology was not available during the period mining was 
performed beneath the site. 

Localized trough subsidence occurs in response to collapse of overburden materials into relatively 
continuous open rooms within the room and pillar mine. The overburden rock material responds 
elastically above the collapse zone and “warps” into the mine, resulting in subsidence at the ground 
surface.  The area of the subsidence trough at the ground surface is governed by the area of collapse 
within the mine and the “angle of draw”, or the angle of influence of the mine collapse measured from the 
vertical and projected from the floor of the mine to the ground surface (see Figure 9).  For the eastern 

U.S., the angle of draw typically ranges from about 15 to 27 degrees (Peng, 1978).  The magnitude of 
subsidence at the ground surface is a function of coal seam depth and thickness, as well as the elastic 
properties of the rock overburden. Chimney subsidence occurs in response to localized collapse of the 
mine roof into the room and pillar mine.  Collapse of the overburden material into the mine propagates to 
the ground surface forming a “chimney” of rubblized material.  The surface expression of chimney-type 

subsidence often occurs as circular or elliptical sinkholes formed at the ground surface.

The hazard related to formation of localized trough and chimney subsidence is greatest for retreat mined 
room and pillar workings where the overburden thickness above the mine is less than about 20 times the 
mined height of the coal seam (Matheson, 1987).  At the project site, the maximum estimated thickness of 
the upper mine is about 4 ft.  The observed minimum depth to the mine from the ground surface is 
approximately 42 ft.  Therefore the overburden thickness to mined height ratio is about 11.

Empirical relationships have been developed (Matheson, 1987) which provide probability estimates 
associated with observable, mine-related subsidence features developing at the ground surface over 100 
years after mining.  Table 6.1, below, presents probability estimates that observable mine-related 

subsidence (defined as identifiable settlement of 6 inches or greater within a specific area) will develop at 
the ground surface over 100 years after mining at the proposed Education and Health Sciences Center
site. 

Sites studied in coal mining regions in the other areas of the United States similar to the project site 
(Matheson, 1987) indicate that localized trough subsidence can be expected above abandoned coal 
mines, whereas sinkholes formed from chimney subsidence were indicated to be less common.  The 
studies also indicate total vertical displacements generally less than about 25 percent of the mined height 
may be expected.  For the 4 ft mined height assumed for the Tyson mine at the site, this would 
correspond to approximately 12 inches of settlement at the ground surface over 100 years after mining.  
We expect that the probability of realizing 12 inches of mine-related settlement as shown in Table 6.1

below:
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Table 6.1 Summary of Subsidence Hazard

Mine Level

Minimum Overburden 
Encountered in 

Borings Below EHSC
Lowest Level of EL 

+1924 (ft)

Estimated 
Maximum 
Height of 

Detected Mine 
Workings (ft)

Estimated 
Possible Mine-

Related 
Subsidence at 

Surface

Probability that 
Observable 

Subsidence Feature 
Will Develop at Surface 

(Over 100 years)(1)

Tyson 42 4 12 inches < 13 percent

Pittsburgh(2) 138 6 18 inches < 1 percent (3)

(1) Assumes localized trough and chimney subsidence.
(2) We have considered a maximum height of detected mine workings based on the void and coal 

encountered in our subsurface investigation, as well as Schnabel investigations at FSU (e.g., 
Compton Science Center, May 2000). Please note that if the mine workings are 10 ft, as 
opposed to 6 ft, the estimated possible mine-related subsidence at the surface would be 30
inches and the probability that observable subsidence features will develop at the surface over 
100 years is about 4 percent.

(3) As noted earlier, no borings were drilled in the west and southwest portions of the proposed 
building and if the minimum overburden is less than anticipated, or the height of the mine 
workings are larger, the probability of subsidence will be greater. 

Studies by Matheson (1987) have indicated that most mine-related subsidence occurs within 40 years 
after mining activities have been discontinued.  Since most of the mining beneath the project site took 
place before about 1950, empirical data from other coal mining regions would suggest that most of the 

subsidence at the project site has already taken place.  

It should be noted that although the rate of development of subsidence features has probably leveled off 
since mining was completed beneath the site, a potential of additional subsidence features developing in 
future years at the site still exists.  Additional subsidence at the ground surface may occur over time, as 
the stresses acting on remaining openings and pillar support within the upper mine may eventually work 
to cause isolated pillar failures and roof collapse.

It is important to note that there is a greater probability of more subtle mine subsidence-related 
settlements (less than about 6 inches) based on the age, depth, estimated coal extraction ratio, and other 
observed conditions of the mine workings.  However, these settlements may be difficult to distinguish 
from more commonly observed foundation settlements due to normal soil compression, but may exceed 
allowable total and differential foundation settlements over time.  

Based on the findings of the historical data search, results of our subsurface investigation beneath the 
project site, and empirically based mine subsidence hazard analysis, we consider that the probability 
associated with excessive building subsidence due to mine-related ground subsidence to be moderate to 
high for the Tyson mine (approximately <13 percent) and low to moderate for the Pittsburgh mine (up to 
about 4 percent considering 10 ft high mine workings).

We recommend that the Tyson mine be stabilized, unless the associated risk denoted in Table 6.1 is 

acceptable to the Owner. To aid in the decision making process, we suggest the Owner consider the 
following points:
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The historical Tyson mine map does not accurately reflect the mine extends below the site. As 
evidenced by the voids encountered in borings drilled beyond the extent of the mine map 
perimeter.

The mine may have been retreat mined. However, due to the limited mine map information 
developing an extraction ratio by drilling directly above “mapped” coal pillars or rooms cannot be 
strategically implemented.

No attempts to stabilize the mine workings below the subject site has been made. Grouting of the 
Tyson mine below the nearby Lane Center and the Cordt’s Physical Education Center has been 
performed based on the 1975, 1976 and 1978 FSU Mine Assessment Reports.

The Pittsburgh mine workings are about 140 to 145 ft below existing grades and mining activities of this 
coal seam ceased at the site before 1920. The potential for subsidence is considered low to moderate.  
The Owner must decide if they are willing to accept this level of hazard potential with regard to mine 
subsidence. No borings were drilled in the west and southwest portions of the proposed building and if 
the minimum overburden is less than anticipated, or the height of the mine workings are larger, the 
probability of subsidence will be greater.
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7.0 RECOMMENDED MINE STABILIZATION MEASURES

Stabilization of the Tyson mine workings will be needed to reduce the probability of mine-related 
settlements.  We recommend the Tyson mine workings be flush grouted, details are given below.

7.1 Flush Grouting

We believe that the most cost effective mine stabilization will likely consist of drilling holes from the 
ground surface to the level of the Tyson coal seam and injecting grout fill material.  The limits of the 
treated area outside of the building footprint will be based on the building footprint size, depth to the mine 
workings, and angle of draw assumed from the floor of the mine to the surface.  For cost estimation 
purposes, an angle of draw of 15 degrees was assumed for future grouting of the proposed EHSU
building.  

Typically, the initial stage of mine filling entails drilling boreholes at the perimeter of the treatment area 
and injecting a low-slump, high-strength cement grout to create a barrier into the boreholes within the 
mined zone around the area to be filled.  Once the barrier grout sets, the remainder of the hole is filled 
with slurry grout under pressure to the surface. A higher slump and lower strength “production” grout is
then pumped into boreholes drilled inside the perimeter of the treatment area.  

The production grout placed within the mine beneath the proposed EHSU building should consist of a 
high slump, cement and fly ash grout tremmie injected in open voids and gob of the Tyson mine workings.  
The fly ash grout mixture would be injected into primary grout holes drilled on a horizontal grid spacing of 
about 25 ft throughout the planned treatment area to the floor of the Tyson mine workings.  Secondary 
grout holes placed between primary holes at selected locations will also be required to verify penetration 
of the fill materials into mine voids.  Additional production grout fill may be required in selected secondary 
grout hole locations to complete the filling process. Where large open void and mine rooms are present 
within the mined zone, control of the drilling and filling operation may include downhole video camera 
monitoring to identify the extent and condition of the voids or coal seams and to help establish volume 
cutoff criteria for the barrier installation process.  

We recommend that a test grouting program be performed prior to setting up production grouting 
operations.  This would consist of selecting areas of the site to fill the mine with high slump production 
grout.  The test grouting program would allow the filling procedures to be refined and a better estimate of 
the construction costs to be established.

7.2 Estimated Costs for Mine Stabilization Measures

Rough order of magnitude (ROM) costs associated with recommended mine stabilization measures 
beneath the EHSC building site using the mine filling approach with the flush grouting methods, is 
presented below.  Assumptions made at arriving at the cost estimates are also provided in the table.
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Table 7.1 Estimated Mine Stabilization ROM Mitigation Cost Analysis Summary

Treatment: Grout Stabilize Tyson Mine Workings
Depth Range to Mine Floor: 46.5 to 73 ft
Average Mine Height: 4 ft
Proposed EHSC Footprint Area: 26,500 sq ft
Estimated Treatment (EHSC) Area: 26,500 sq ft + 15 degree draw = 33,490 sq ft
Estimated Grout Volume1: 3,725 yards
Estimated Stabilization Cost (at $400/yard 
Grout)2:

$1,490,000

Estimated Stabilization per Square Foot of 
Building Footprint

$45/ sq ft

1 Assumes a 75 percent extraction ratio.
2 Based on contractor’s costs for Appalachian Laboratory project, including drilling and mob/demob from site,
escalated at 4 percent inflation/year.

This ROM cost should be considered an approximate value for planning consideration purposes only.  A
more detailed cost breakdown should be provided by the grouting contractor as these values can vary 
significantly.  Schnabel has no control over the cost of labor or materials, the competitive bidding climate 
at the time of bidding, or the specific details of the design, we cannot guarantee the accuracy of cost 
estimates as compared to contractor’s bids for the planned work.

A potentially smaller volume of flush grout would be required in the event that significant zones within the 
Tyson mine level have already collapsed.  In this case, the cost for flush grouting would decrease 
accordingly.  
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8.0 LIMITATIONS

We based the analyses and recommendations submitted in this report on the information revealed by our 
exploration, available historical mine maps, and empirical hazard assessment methods. We attempted to 
provide for normal contingencies, but the possibility remains that unexpected conditions may be 
encountered during construction. 

We will retain soil and rock samples up to 45 days beyond the issuance of this report, unless you request 
other disposition.

This report has been prepared to aid in the evaluation of this site and to assist in the design of the project. 
It is intended for use concerning this specific project. We based our assessments and recommendations 
on information on the site and proposed construction as described in this report. Substantial changes in 
loads, locations, or grades should be brought to our attention so we can modify our recommendations as 
needed. We would appreciate an opportunity to review the plans and specifications as they pertain to the 
recommendations contained in this report, and to submit our comments to you based on this review.

We have endeavored to complete the services identified herein in a manner consistent with that level of 
care and skill ordinarily exercised by members of the profession currently practicing in the same locality 
and under similar conditions as this project. No other representation, express or implied, is included or 
intended, and no warranty or guarantee is included or intended in this report, or other instrument of 
service.
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APPENDIX A

SUBSURFACE EXPLORATION DATA

Subsurface Exploration Procedures (2 Sheets)
General Notes for Subsurface Exploration Logs (1 Sheet)

Identification of Soil (1 Sheet)
Descriptive Criteria for Rock Core Logging (1 Sheet)

Boring Logs B-1 through B-16 (54 Sheets) 
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SUBSURFACE EXPLORATION PROCEDURES

Test Borings – Hollow Stem Augers

The borings are advanced by turning an auger with a center opening of 2¼ or 3¼ inches.  A plug device 
blocks off the center opening while augers are advanced.  Cuttings are brought to the surface by the 
auger flights.  Sampling is performed through the center opening in the hollow stem auger by standard 
methods after removal of the plug.  Usually, no water is introduced into the boring using this procedure.

Standard Penetration Test Results 

The Standard Penetration Test (SPT) is performed in the borings at regular depth intervals to collect soil 
samples. The numbers in the Sampling Data column of the boring logs represent SPT results.  Each 
number represents the blows needed to drive a 2-inch O.D., 1 -inch I.D. split-spoon sampler 6 inches, 
using a 140-pound hammer falling 30 inches.  The sampler is typically driven a total of 18 or 24 inches. 
The first 6 inches are considered a seating interval. The total of the number of blows for the second and 
third 6-inch intervals is the SPT “N value.”  The Standard Penetration Test is performed according to 
ASTM D1586.

Soil Classification Criteria

The group symbols on the logs represent the Unified Soil Classification System Group Symbols (ASTM 
D2487) based on visual observation and limited laboratory testing of the samples.  Criteria for visual 
identification of soil samples are included in this appendix.  Some variation can be expected between 
samples visually classified and samples classified in the laboratory.

Disintegrated rock is defined as residual material with SPT N values between 60 blows per foot and 
refusal.  Refusal is defined as an N value of 50 blows for a penetration of one inch or less.  

Pocket Penetrometer Results

The values following “PP=” in the sampling data column of the logs represent pocket penetrometer 
readings.  Pocket penetrometer readings provide an estimate of the unconfined compressive strength of 
fine-grained soils.

Rock Core Drilling

Rock was cored with NQ2 size core barrels. Recovery (REC) and Rock Quality Designation (RQD) are 
noted on the test boring logs, as applicable.  Water was introduced into the hole during the coring 
process.

Boring Locations and Elevations 

Boring locations were initially staked by AULtec in advance of our mobilization.  The as-drilled boring 
locations were also surveyed by AULtec and coordinates and elevation were provided.  Elevations are 
shown on the boring logs.  Approximate boring locations are shown on Figure 2. Please note that 

borings B-8 and B-28 are approximately shown on these plans.  The as-drilled locations for these two 
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borings have not been surveyed at this time.  Locations and elevations should be considered no more 
accurate than the methods used to determine them.
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GENERAL NOTES FOR
SUBSURFACE EXPLORATION LOGS

1. Numbers in sampling data column next to Standard Penetration Test (SPT) symbols indicate 
blows required to drive a 2- -inch I.D. sampling spoon 6 inches using a 140-pound
hammer falling 30 inches.  The Standard Penetration Test (SPT) N value is the number of blows 
required to drive the sampler 12 inches, after a 6-inch seating interval.  The Standard Penetration 
Test is performed in general accordance with ASTM D1586.

2. Visual classification of soil is in accordance with terminology set forth in “Identification of Soil.”  
The ASTM D2487 group symbols (e.g., CL) shown in the classification column are based on 
visual observations.

3. Estimated water levels indicated on the logs are only estimates from available data and may vary 
with precipitation, porosity of the soil, site topography, and other factors.

4. Refusal at the surface of rock, boulder, or other obstruction is defined as an SPT resistance of 50
blows for 1 inch or less of penetration.

5. The logs and related information depict subsurface conditions only at the specific locations and at 

the particular time when drilled or excavated.  Soil conditions at other locations may differ from 
conditions occurring at these locations.  Also, the passage of time may result in a change in the 
subsurface soil and water level conditions at the subsurface exploration location.

6. The stratification lines represent the approximate boundary between soil and rock types as 
obtained from the subsurface exploration.  Some variation may also be expected vertically 
between samples taken.  The soil profile, water level observations and penetration resistances 
presented on these logs have been made with reasonable care and accuracy and must be 
considered only an approximate representation of subsurface conditions to be encountered at the 
particular location.

7. Key to symbols and abbreviations:

S-1, SPT Sample No., Standard Penetration Test
5+10+1 Number of blows in each 6-inch increment

Run #1, CORE Core No., Rock Core
Run = 5.0 ft Run length in feet
REC = 60", 100% Recovery in inches, Percent Recovery
RQD = 60", 100% RQD in inches, Percent RQD

LL Liquid Limit
MC Moisture Content (percent)
PL Plastic Limit
PP Pocket Penetrometer Reading (tsf)
%Passing#200 Percent by weight passing a No. 200 Sieve
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IDENTIFICATION OF SOIL

I. DEFINITION OF SOIL GROUP NAMES (ASTM D2487) SYMBOL GROUP NAME

Coarse-Grained Soils
More than 50% retained
on No. 200 sieve

Gravels –
More than 50% of coarse
fraction
retained on No. 4 sieve

Coarse, ¾” to 3”
Fine, No. 4 to ¾”

Clean Gravels
Less than 5% fines

GW WELL GRADED 
GRAVEL

GP POORLY GRADED 
GRAVEL

Gravels with fines
More than 12% fines

GM SILTY GRAVEL

GC CLAYEY GRAVEL

Sands – 50% or more of coarse
Fraction passes No. 4 sieve

Coarse, No. 10 to No. 4
Medium, No. 40 to No. 10
Fine, No. 200 to No. 40

Clean Sands
Less than 5% fines

SW WELL GRADED 
SAND

SP POORLY GRADED 
SAND

Sands with fines
More than 12% fines

SM SILTY SAND

SC CLAYEY SAND

Fine-Grained Soils
50% or more passes
the No. 200 sieve

Silts and Clays –
Liquid Limit less than 50
Low to medium plasticity

Inorganic CL LEAN CLAY

ML SILT

Organic OL ORGANIC CLAY

ORGANIC SILT

Silts and Clays –
Liquid Limit 50 or more
Medium to high plasticity

Inorganic CH FAT CLAY

MH ELASTIC SILT

Organic OH ORGANIC CLAY

ORGANIC SILT

Highly Organic Soils Primarily organic matter, dark in color and organic odor PT PEAT

II. DEFINITION OF SOIL COMPONENT PROPORTIONS (ASTM D2487)
Examples

Adjective 
Form

GRAVELLY
SANDY

>30% to <50% coarse grained
component in a fine-grained soil

GRAVELLY LEAN CLAY

CLAYEY
SILTY

>12% to <50% fine grained 
component in a coarse-grained soil

SILTY SAND

“With” WITH GRAVEL
WITH SAND

>15% to <30% coarse grained
component in a fine-grained soil

FAT CLAY WITH GRAVEL

WITH GRAVEL
WITH SAND

>15% to <50% coarse grained
component in a coarse-grained soil

POORLY GRADED GRAVEL WITH SAND

WITH SILT
WITH CLAY

>5% to <12% fine grained 
component in a coarse-grained soil

POORLY GRADED SAND WITH SILT

III. GLOSSARY OF MISCELLANEOUS TERMS
SYMBOLS .......................... Unified Soil Classification Symbols are shown above as group symbols.  A dual symbol “-“

indicates the soil belongs to two groups.  A borderline symbol “/” indicates the soil belongs 
to two possible groups.

FILL ....................................... Man-made deposit containing soil, rock and often foreign matter.
PROBABLE FILL .................. Soils which contain no visually detected foreign matter but which are suspect with regard 

to origin.
DISINTEGRATED ROCK
(DR) .......................................

Residual materials with a standard penetration resistance (SPT) between 60 blows per 
foot and refusal.  Refusal is defined as an SPT of 100 blows for 2" or less penetration.

PARTIALLY WEATHERED 
ROCK (PWR).........................

Residual materials with a standard penetration resistance (SPT) between 100 blows per 
foot and refusal.  Refusal is defined as an SPT of 100 blows for 2" or less penetration.

BOULDERS & COBBLES ..... Boulders are considered rounded pieces of rock larger than 12 inches, while cobbles 
range from 3 to 12-inch size.

LENSES................................. 0 to ½-inch seam within a material in a test pit.
LAYERS ................................ ½ to 12-inch seam within a material in a test pit.
POCKET ................................ Discontinuous body within a material in a test pit.
MOISTURE CONDITIONS..... Wet, moist or dry to indicate visual appearance of specimen.
COLOR .................................. Overall color, with modifiers such as light to dark or variation in coloration.
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DESCRIPTIVE CRITERIA FOR ROCK CORE LOGGING
Rock is defined as natural subsurface material yielding SPT blow counts of N 100/2 inches (Martin, 1977). Rock descriptions 
may include the following descriptive elements, as applicable, generally in the order indicated. Supplemental descriptors may
also be used, depending on project performance objectives and available information.

ROCK TYPE, strength, weathering, fracturing, color, recovery, RQD

Rock Type General terms are used following the NRCS (2001) rock type classification chart based on visual identification. 
Some of the NRCS rock types common to our geographic area of practice are listed below. Mineralogical modifiers may 
be added where they help define distinct units (e.g., Garnet-Muscovite Schist).

Sedimentary: Conglomerate, Sandstone, Mudstone, Siltstone, Claystone, Shale, Limestone, Dolomite, Coal, Chert
Igneous: Pegmatite, Granite, Diorite, Gabbro, Diabase, Rhyolite, Monzonite, Andesite, Basalt
Metamorphic: Gneiss, Schist, Phyllite, Slate, Quartzite, Marble, Amphibolite, Hornfels

Strength (modified from Hoek, 2001) The estimated Uniaxial Compressive Strength associated with each rock strength term 
is based on the field strength index test for intact rock samples as follows.

Extremely Strong >36,000 psi Specimen can only be chipped with a geological hammer.
Very Strong 15,000 - 36,000 psi Specimen requires many blows of a geological hammer to fracture it.
Strong 7,500 - 15,000 psi Specimen requires more than one blow of a geological hammer to fracture it.
Medium Strong 3,500 - 7,500 psi Specimen cannot be peeled with a pocket knife; can be fractured with 

one blow from a geological hammer.
Weak 700 - 3,500 psi Specimen can be peeled with a pocket knife with difficulty; shallow 

indentation made by firm blow with point of a geological hammer.
Very Weak 150 - 700 psi Material crumbles under firm blows with point of a geological hammer;

can be peeled with a pocket knife.

Weathering (modified from ACOE, 1994; and USBR, 2001)

Fresh Mineral crystals appear bright and show no discoloration. Fractures show little or 
no staining on their surfaces. Discoloration does not extend into intact rock.

Slightly Weathered Rock is generally fresh except along fractures. Some fractures 
are stained and discoloration may extend up to 0.5 inches into rock.

Moderately Weathered Significant portions of rock appear dull and discolored. Rock 
may be significantly weaker than in its fresh state near fractures. Soil zones of limited 
extent may occur along some fractures.

Highly WeatheredRock appears dull and discolored throughout. Majority of rock mass is 
significantly weaker than in its fresh state. Isolated zones of stronger rock and/or soil may 
occur throughout.

Severely Weathered Significant portions of rock mass essentially weathered to soil.
Rock fabric may still be discernable (i.e., saprolite). Isolated zones of stronger rock may 
occur locally. Quartz may be present as hard, fractured dikes or veins.

Fracturing (from ACOE, 1994)

Very Slightly Fractured > 6.5 ft

Slightly Fractured 2 ft - 6.5 ft

Moderately Fractured 8 in - 2 ft

Highly Fractured 2.5 in - 8 in

Intensely Fractured < 2.5 in

Color (from Munsell Color System; and GSA, 1995) Color descriptions include a 
primary color and up to two shade or secondary color modifiers, and may also 
include a color pattern term to define the relationship between multiple colors.

Shade:   Light, Dark

Secondary:  Blackish, Brownish, Grayish, Greenish, Reddish, Yellowish, Orangeish

Primary:  Black, Brown, Gray, Green, Red, Yellow, Orange, White

Pattern:  and, to, with mottles of, with speckles of, with streaks of, with bands of

Recovery is defined as the total length of recovered core in a core run divided by the total length of the core run, times 
100 percent. A core run may be any depth interval of concern. Only natural fractures are considered for determining the 
length of core pieces. Mechanical breaks formed during or after coring do not count against the length determination. The 
length of recovered core pieces is measured along the core axis, between fracture midpoints.

RQD (ASTM D6032, Deere & Deere, 1988, 1989) is defined as the total length of core pieces at least four inches long 
recovered from a core run divided by the total length of the core run, times 100 percent. A core run may be any depth 
interval of concern. Only natural fractures are considered for determining the length of core pieces. Mechanical breaks 
formed during or after coring do not count against the length determination. The length of recovered core pieces should 
be measured along the core axis, between fracture midpoints. Core pieces that are highly to severely weathered, very 
weak, or contain numerous pores should not count toward RQD.
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APPENDIX B

SELECT DOWNHOLE CAMERA PHOTOS

Photo Logs (13 Sheets)
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BORING B-1 PHOTO LOG

© Schnabel Engineering DC 201 All Rights Reserved

CBE License No. L22053052020

PHOTO NUMBER: 1

DATE TAKEN: 07/24/2018

LOCATION: 
Boring B-1 (~34.5 feet below 
ground surface)

COMMENTS: 
View through disintegrated rock. 

PHOTO NUMBER: 2

DATE TAKEN: 07/24/2018

LOCATION:  
Boring B-1 (~55 feet below 
ground surface)

COMMENTS:
View of competent rock. 
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BORING B-1 PHOTO LOG
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CBE License No. L22053052020

PHOTO NUMBER: 3

DATE TAKEN: 07/24/2018

LOCATION: 
Boring B-1 (~58 feet below 
ground surface)

COMMENTS: 
Core water stained sidewalls. 
Coring water measured at 60 ft.
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BORING B-2 PHOTO LOG
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PHOTO NUMBER: 1

DATE TAKEN: 07/26/2018

LOCATION: 
Boring B-2 (~33.5 feet below 
ground surface)

COMMENTS: 
Potential collapse (from 
approximately 33.5 ft to 38 ft). 

PHOTO NUMBER: 2

DATE TAKEN: 07/26/2018

LOCATION:  
Boring B-2 (~46.5 feet below 
ground surface)

COMMENTS:
This photo and Photo Number 3 
show the variation in the quality 
of shale between approximately 
40 ft and 52 ft below ground 
surface. This photo shows 
moderately fractured rock.
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BORING B-2 PHOTO LOG
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PHOTO NUMBER: 3

DATE TAKEN: 07/26/2018

LOCATION: 
Boring B-2 (~51.5 feet below 
ground surface)

COMMENTS: 
This photo shows relatively
competent rock.

PHOTO NUMBER: 4

DATE TAKEN: 07/26/2018

LOCATION:  
Boring B-2 (~57.5 feet below 
ground surface)

COMMENTS: 
Void location.
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BORING B-2 PHOTO LOG

© Schnabel Engineering DC 201 All Rights Reserved
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PHOTO NUMBER: 5

DATE TAKEN: 07/26/2018

LOCATION: 
Boring B-2 (~60.5 feet below 
ground surface)

COMMENTS: 
View of collapsed (bottom of 
void). 

PHOTO NUMBER: 6

DATE TAKEN: 07/26/2018

LOCATION:  
Boring B-2 (~65 feet below 
ground surface)

COMMENTS:
View of competent rock with thin 
clay seam. 
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PHOTO NUMBER: 1

DATE TAKEN: 07/25/2018

LOCATION: 
Boring B-3 (~35 feet below 
ground surface)

COMMENTS: 
View of disintegrated rock. 

PHOTO NUMBER: 2

DATE TAKEN: 07/25/2018

LOCATION:  
Boring B-3 (~43 feet below 
ground surface)

COMMENTS:
View of void/collapsed zone.
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PHOTO NUMBER: 3

DATE TAKEN: 07/25/2018

LOCATION: 
Boring B-3 (~45.5 feet below 
ground surface)

COMMENTS: 
View of collapsed zone, roughly 
estimated to extend from 43 ft
and 55 ft.

PHOTO NUMBER: 4

DATE TAKEN: 07/25/2018

LOCATION:  
Boring B-3 (~60 feet below 
ground surface)

COMMENTS:
View of competent rock.
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BORING B-5 PHOTO LOG
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PHOTO NUMBER: 1

DATE TAKEN: 07/19/2018

LOCATION: 
Boring B-5 (~55 feet below 
ground surface)

COMMENTS: 
View of the top of the void. 

PHOTO NUMBER: 2

DATE TAKEN: 07/19/2018

LOCATION:  
Boring B-5 (~57.3 feet below 
ground surface)

COMMENTS:
View of collapsed rock, camera 
could not be advanced any 
further.
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BORING B-10 PHOTO LOG
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PHOTO NUMBER: 1

DATE TAKEN: 07/17/2018

LOCATION: 
Boring B-10 (~51 feet below 
ground surface)

COMMENTS: 
View of partially collapsed zone.

PHOTO NUMBER: 2

DATE TAKEN: 07/17/2018

LOCATION:  
Boring B-10 (~65 feet below 
ground surface)

COMMENTS:
Collapsed zone, observed from 
about 62 ft to 65 ft.



FROSTBURG STATE UNIVERSITY 
EDUCATION AND HEALTH SCIENCES CENTER 

FROSTBURG, MARYLAND 
PROJECT NO.: 18C41028

BORING B-10 PHOTO LOG

© Schnabel Engineering DC 201 All Rights Reserved

CBE License No. L22053052020

PHOTO NUMBER: 3

DATE TAKEN: 07/17/2018

LOCATION: 
Boring B-10 (~68 feet below 
ground surface)

COMMENTS: 
View of collapsed rock above 
clay layer. Collapsed/weak rock 
zone from 68 ft to 72.5 ft.

PHOTO NUMBER: 4

DATE TAKEN: 07/17/2018

LOCATION:  
Boring B-10 (~70 feet below 
ground surface

COMMENTS:
View of weathered 
rock/roughened surface zone.
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© Schnabel Engineering DC 201 All Rights Reserved

CBE License No. L22053052020

PHOTO NUMBER: 5

DATE TAKEN: 07/17/2018

LOCATION: 
Boring B-10 (~81 feet below 
ground surface)

COMMENTS: 
View of competent rock. 
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BORING B-15 PHOTO LOG
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PHOTO NUMBER: 1

DATE TAKEN: 07/9/2018

LOCATION: 
Boring B-15 (~40 feet below 
ground surface)

COMMENTS: 
View of transition from soil to 
disintegrated rock.

PHOTO NUMBER: 2

DATE TAKEN: 07/9/2018

LOCATION:  
Boring B-15 (~43 feet below 
ground surface)

COMMENTS:
View of competent rock above 
the void.
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BORING B-15 PHOTO LOG
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PHOTO NUMBER: 3

DATE TAKEN: 07/9/2018

LOCATION: 
Boring B-15 (~46.5 feet below 
ground surface)

COMMENTS: 
View of collapsed rock; void is 
visible.

PHOTO NUMBER: 4

DATE TAKEN: 07/9/2018

LOCATION:  
Boring B-15 (~49 feet below 
ground surface)

COMMENTS:
View of the collapsed void, could 
not advance the camera further.


