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March 12, 2020 

 

Mr. Christopher Burns 

Balzer & Associates. Inc. 

1208 Corporate Circle 

Roanoke, Virginia 24018 

 

ECS Project No. 12:18900 

 

Reference: Report of Subsurface Exploration and Geotechnical Analysis 

 Wood Haven Exploration 

 Roanoke, Virginia 

 

Dear Mr. Burns: 

 

ECS Mid-Atlantic, LLC (ECS) is pleased to submit this Report of Subsurface Exploration and 

Geotechnical Analysis for the above-referenced project.  Our services have been provided in 

accordance with ECS Proposal No. 12:14020-PR, dated January 21, 2020.  This report includes 

the results of the soil test borings, laboratory analysis, and geotechnical recommendations for 

this project. 

 

 

SCOPE OF SERVICES 

 

The preliminary recommendations contained in this report are based upon the results of our 

field exploration.  Our exploration consisted of a site visit by an engineer and nine soil test 

borings drilled to depths of up to 58 feet below the existing ground surface.  Laboratory testing 

performed on several representative samples obtained during the field exploration aided in the 

evaluation of the field data.  The borings were located in the field by an experienced engineer 

from our office by utilizing Trimble GPS equipment while referencing available plans and 

satellite imagery.  The boring locations shown on the plan provided in the Appendix should be 

considered approximate. 

 

The preliminary conclusions and recommendations contained in this report are based upon the 

results of the field exploration, and are not presented as final recommendations for design and 

construction of any specific project.  Instead, they should aid in conceptual project planning and 

provide sufficient preliminary information for the early design stages of future development.  

Once the final project characteristics are determined for individual construction projects, it will 

be necessary to perform a final, more comprehensive geotechnical exploration of the site, 

concentrating in specific building/structural areas. 
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PROJECT CHARACTERISTICS 

 

Project information was provided by Christopher Burns of Balzer & Associates.  We have been 

provided with an undated topographic map which shows proposed grades relative to existing 

site features and surface topography. In addition, the map shows the anticipated cut depth at 

each of the boring locations.  We have also received the Subsurface Exploration and 

Geotechnical Evaluation, Wood Haven Road Site – Master Planning, prepared by Draper Aden 

Associates (DAA) and dated March 3, 2017.  

 

Based on the information provided, we understand that the project will consist of mass grading 

of the site to prepare a building pad on the southwest side of the site. At this time ECS has not 

been asked to provide subsurface exploration and geotechnical recommendations for the 

proposed graded pad area for future building development.  

 

 

EXPLORATION PROCEDURES 

 

Subsurface Exploration Procedures 

 

To characterize the general subsurface conditions, nine soil test borings (B-1 through B-9) were 

performed within the limits of the proposed construction.  The borings were performed with 

CME-55 track-mounted drilling equipment utilizing continuous-flight, hollow stem augers (HSA) 

to advance the boreholes to their scheduled depths or auger refusal.  Drilling fluid was not used 

in this process. 

 

Representative samples were obtained by means of the split-barrel sampling procedure in 

accordance with ASTM Specification D1586.  In this procedure, a 2-inch O.D., split-barrel 

sampler is driven into the soil a distance of 18 inches by a 140-pound hammer falling 30 inches.  

The number of blows required to drive the sampler through a 12-inch interval is termed the 

Standard Penetration Test (SPT) N-value and is indicated for each sample on the boring logs.  

This N-value can be used as a qualitative indication of the in-place relative density of 

cohesionless soils.  In a less reliable way, it also indicates the consistency of cohesive soils.  

This indication is qualitative, since many factors can significantly affect the Standard 

Penetration resistance value and prevent a direct correlation between drill crews, drill rigs, 

drilling procedures, and hammer-rod sampler assemblies.  Samples were obtained at 2.5-foot 

intervals in the upper 10 feet of the boring, and at 5-foot intervals thereafter. 

 

After recovery, representative portions of each soil sample were removed from the sampler and 

sealed in glass jars.  The samples were taken to our laboratory in Roanoke, Virginia for visual 

classification and laboratory testing. 

 

Laboratory Testing Program 

 

Representative soil samples were selected and tested in our laboratory to substantiate visual 

classifications and to aid in the estimation of pertinent engineering properties.  The laboratory 

testing program included natural moisture content tests (ASTM D2216), percent passing the 
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No. 200 sieve tests (ASTM D1140), and Atterberg Limits tests (ASTM D4318).  The results of 

all laboratory testing conducted are included in the Appendix of this report. 

 

An experienced engineer visually classified each soil sample on the basis of texture and 

plasticity (ASTM D2488) and identified each soil sample using the classification group symbols 

and names as prescribed in the Unified Soil Classification System (USCS) (ASTM D2487).  A 

brief explanation of the USCS is included with this report.  The engineer grouped the various 

soil types into the major strata noted on the boring logs.  The stratification lines designating the 

interfaces between earth materials on the boring logs are approximate; in-situ, the transitions 

may be gradual. 

 

The soil samples will be retained in our laboratory for a period of 60 days, after which, they will 

be discarded unless other instructions are received as to their disposition. 

 

 

SITE AND SUBSURFACE CONDITIONS 

 

Site Conditions 

 

The site is located at 7911 Wood Haven Road in Roanoke County, Virginia.  At the time of our 

visit, the ground surface over the site consisted of grassy topsoil and leaf-covered forest. The 

overall site is bounded to the north by Interstate I-81, to the east by open, grass covered fields, 

to the south by Wood Haven Road, and to the west by Ram Drive and a residential subdivision. 

 

Topographically, the highest point on the site is located near the northwest corner, near Boring 

B-7, at an elevation of approximately 1266 feet. The site gradually slopes downwards from this 

area to the southwest, south, and southeast, to an elevation of approximately 2112 feet near 

Boring B-3, and 1194 feet at the south corner of the unexplored proposed building pad.  

 

Site Geology 

 

Based on our review of the Geology of the Salem quadrangle, Virginia, the subject site is 

located within the Valley and Ridge Geologic Province of Virginia. Specifically the site is located 

within the Ordovician-aged Edinburg Formation. Bedrock within the Edinburg Formation 

primarily consists of gray to black calcareous shale and limestone.  

 

The calcareous shale and limestone rock found within the Edinburg Formation are carbonate 

materials.  Carbonate materials solution in water over long periods of time, resulting in loss of 

rock material.  The solution process typically occurs along planes of more soluble material and 

causes the formation of interconnected seams and cavities within carbonate formations.  The 

rate of solutioning is also affected by rates of groundwater flow and groundwater chemistry; 

however, typical solutioning rates are on the order of one inch in 1,000 years.  These seams 

and cavities are frequently filled with soft material which has not dissolved or materials that 

have infiltrated into the seam or cavity from above.  The continued exposure to solution 

activities can result in the formation of caverns, such as Dixie Caverns near Salem, Virginia.  

Sinkholes can also result from the collapse of material bridging over the top of caverns formed 

during the solution process. 
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Differential solution activity results in a highly-variable rock surface with soil-filled slots 

commonly encountered between pinnacles of more solution-resistant rock.  Since solution 

activity is caused by groundwater flow, solution channels are commonly interconnected with 

narrow zones of solution activity extending from large solution features. 

  

Carbonate rocks within the Edinburg Formation are subject to solutioning and subsequent cave 

and sinkhole development. Our review of “Selected Karst Features of the Central Valley and 

Ridge Province, Virginia”, (David A. Hubbard, 1988), Virginia Department of Mineral Resources 

Publication 83, suggests one mapped cave entrance located within a two-mile-radius of the 

subject site.  Additional, electrical resistivity data reported by DAA indicate karst geologic 

conditions may be present for a portion of the site.  Therefore, we qualify the risk of sinkhole 

development as low to moderate. 

 

The boundary between soil and rock is not sharply defined.  A transitional zone termed "highly 

weathered rock" (HWR) is normally found overlying the parent bedrock.  Weathered rock is 

defined, for engineering purposes, as residual material with Standard Penetration resistance 

greater than 100 blows per foot.  Because weathering is facilitated by fractures, joints, and the 

presence of less resistant rock types, the profile of the weathered rock and hard rock is typically 

irregular and erratic, even over short horizontal distances.  Also, it is not unusual to find lenses 

and boulders of hard rock in zones of weathered rock within the soil mantel, well above the 

general bedrock level. 

 

Soil Conditions 

 

Based on the borings, the subsurface conditions at the site primarily consist of residual silt and 

clay, overlying carbonate bedrock. 

 

At the time of our exploration, the majority of the site was covered with topsoil. Depths at the 

boring locations were measured to range from approximately 4 to 10 inches, with an 

approximate average of 6 inches.  Depths of surficial materials may vary in unexplored areas. 

 

Below the topsoil, residual soils were encountered in all borings to depths of 8.5 to 58 feet 

below existing grades. These soils generally consist of LEAN CLAY (CL), SILT (ML) and 

ELASTIC SILT (MH), with varying concentrations of sand. Based on the DAA report and our 

experience, on-site residual soils also likely include FAT CLAY (CH).  SPT N-values in these 

soils ranged from 2 bpf to 37 bpf, with an approximate average N-value of 14 bpf, indicating a 

generally stiff consistency.  It is noted that two of the borings (B-1 and B-7) encountered very 

soft to soft soils with depth.  

 

HWR, which has been defined previously, was encountered at depths ranging from 

approximately 3.5 to 33.5 feet below existing grades in Borings B-2, B-3, B-4, B-5, B-6 and B-8. 

The HWR in Borings B-5 and B-6 was encountered floating within residual soils, and not directly 

overlying hard rock. Hard rock, which is defined by the depth of auger refusal on naturally-

occurring mass stratigraphy not deposited by man or stream processes, was encountered in 

Borings B-2, B-7, and B-8 at depths of 22.5 feet, 58 feet, and 35 feet, respectively.  There is the 

potential that hard rock ledges, pinnacles, or boulders could be encountered at shallow depths 

which could require blasting or use of a pneumatic hoe ram for removal. 



Wood Haven Exploration 
ECS Project No. 12:18900 
March 12, 2020 
Page 5 

 

Rock Contact Summary 
   

Boring 
Total 

Boring 
Depth (ft) 

Surface 
Elevation 

(ft) 

HWR Depth 
(ft) 

HWR 
Elevation (ft) 

Auger 
Refusal 

Depth (ft) 

Auger 
Refusal 

Elevation 
(ft) 

B-1 55 1256 N.E. N.E. N.E. N.E. 

B-2 22.5 1230 18.5 1211.5 22.5 1207.5 

B-3 20 1212 18.5 1193.5 N.E. N.E. 

B-4 20 1217 8.5 N.E. N.E. N.E. 

B-5 20 1217 3.5* 1213.5 N.E. N.E. 

B-6 35 1233 28.5* 1204.5 N.E. N.E. 

B-7 58 1269 N.E. N.E. 58 1211 

B-8 35 1252 33.5 1218.5 35 1217 

B-9 20 1219 N.E. N.E. N.E. N.E. 

 

AR: Auger Refusal 

HWR: Highly Weathered Rock 

*Floating HWR zone encountered in residual layer 

 

Atterberg Limits testing performed on several representative soil samples indicated Liquid 

Limits ranging from 39 to 54, with corresponding Plasticity Indices ranging from 9 to 19.  

Percent passing the No. 200 sieve ranged from 94% to 99%.  Natural moisture contents varied 

from 15.0% to 65.5%.   

 

Boring logs describing the soil conditions encountered in the soil test borings are included in the 

Appendix of this report. 

 

Groundwater Observations 

 

Groundwater observations were made during soil sampling and upon completion of the drilling 

operations at each boring location.  In auger drilling operations, water is not introduced into the 

borehole, and the groundwater position can often be determined by observing water flowing into 

or out of the borehole.  Furthermore, visual observations of the soil samples retrieved during 

the auger drilling exploration can often be used in evaluating the groundwater conditions. 

 

Generally, the soil samples were moist, and observable groundwater was not encountered in 

the borings.  However, perched water could be encountered at the interface between higher 

and lower permeability soils, such as at the transition from residuum to the HWR surface.  If 

perched water is encountered in the foundation and utility excavations, we anticipate that 

seepage will be slow enough to control with submersible pumps. 
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ANALYSIS AND RECOMMENDATIONS 

 

Karst Risk Commentary 

 

Geologic mapping indicates the site is underlain by carbonate bedrock, which could be subject 

to solutioning and sinkhole development. As mentioned previously, mapping indicated one cave 

entrance approximately 2 miles of the site, soil conditions weaken with depth in a portion of the 

borings, and electrical resistivity testing included in the DAA report indicate karst conditions 

could exist at the site.  Although we define the risk of future sinkhole development on this site 

as low to moderate, the Owner should accept at least some risk of karst-related activity which 

could impact foundation and/or site improvement performance. 

 

Based on our experience, we believe that the site will be most vulnerable to sinkhole 
development during the actual site grading phase of construction, when drainage control is 
typically poor and the critical rock/soil interface is exposed to flooding from precipitation.  In 
fact, it is a common occurrence in areas similar to this for small sinkholes to develop during 
construction, particularly where deep excavation is performed and drainage patterns are 
changed.  In the past, we have provided recommendations for sinkhole remediation to others, 
which included excavating through the sinkhole throat down to hard rock and plugging the 
opening to arrest further subsurface erosion, usually with flowable fill (lean concrete), grout, or 
a reverse graded filter of aggregate and larger rock.  Our experience in this area of Southwest 
Virginia is that sinkholes which may develop after site finishes have been completed do not 
typically result in life safety concerns, rather partial or full loss of service until repairs may be 
performed.  The locations of temporary sediment basins and permanent stormwater basins are 
often the most prone to sinkhole development due to concentration of stormwater flow to these 
areas.  Therefore, we recommend that these basins be lined with a low permeability clay liner or 
geosynthetic liner to reduce the potential for sinkhole development.  Ultimately, the Owner must 
assume some level of risk related to karst activity while further developing a site.   
 
As carbonate rock dissolves, the soluble minerals are carried away by the groundwater, leaving 
behind the insoluble materials (clay minerals and silicates).  The process reduces hard rock into 
soft soil with the consistency of soft paste.  The rate of rock solutioning is rapid relative to 
geologic time (where processes are generally measured in tens of thousands to millions of 
years), but very slow on a human time scale.  Rock solutioning occurs primarily from the 
surface downward, along the surfaces of fissures (joints, bedding planes, and fracture zones) in 
the bedrock. The rock fissures are enlarged, creating soil-filled troughs and channels, 
surrounded by hard rock.  The soil filling is often eroded by flowing groundwater and the 
troughs and channels become open cavities. These cavities can develop and become 
interconnected to form caves, which in turn, become open conduits for groundwater flow and 
sediment transport. 
 
As a cavity in the bedrock grows and expands, the tensile stresses in the roof of the cavity 
increase, and occasionally the roof will spall slabs of rock as the cavity grows upward toward 
the ground surface.  When a cavity in the rock grows to the point that the roof of rock is too thin 
or weak to span the void and support the overburden, the cavity can collapse and form a 
sinkhole at the ground surface.  This type of sinkhole development is relatively rare because it 
is a slow process in terms of human time. 
 
The more common mechanism for sinkhole development is through the erosion of soil 
overburden into cavities in the underlying bedrock.  This erosion starts at the soil-rock interface 
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over an opening in the bedrock.  As soil is carried into the opening by percolating groundwater, 
a cavity is formed in the soil.  This cavity grows as the result of raveling of soils from the roof, 
and can eventually collapse, propagating to the surface and causing a sinkhole.  Factors that 
can contribute to or cause such a collapse include: soil overburden weight, new structural loads, 
vibrations, construction equipment weight, changes in groundwater levels, and changes to 
surface water infiltration patterns. 
 
Subsurface soil erosion is aggravated by, among others, the following hydrologic factors: 
increasing the infiltration of water at the ground surface; lowering of the groundwater level so as 
to increase the vertical flow gradient and erosion potential at the critical rock-soil interface; and 
alternately draining and saturating the soil at the critical rock-soil interface by repeatedly 
fluctuating the groundwater level from above to below the surface. 

 

Subgrade Preparation and Earthwork Operations 

 

The near-surface silts and clays at the site are moisture-sensitive, will be difficult to adequately 

compact and are subject to excessive deflection under wheel loads when they are wet.  In order 

to reduce the potential for moisture-related soil problems, we recommend that site grading 

operations be performed during the typically drier months of the year (May through October).  If 

this is not possible, substantial undercutting of these soils could be required to achieve stable 

subgrade conditions. 

 

Prior to proceeding with construction, all topsoil should be stripped from the proposed 

construction limits.  Stripping should be accomplished a minimum distance of 5 feet outside the 

building lines and 2 feet beyond curb lines.   

  

After stripping to the desired grade and prior to fill placement or foundation and pavement 

construction, the stripped surface should be observed by an experienced geotechnical engineer 

or his authorized representative.  Proofrolling using a 10-ton drum roller or a loaded, tandem-

axle dump truck having an axle weight of at least 10 tons should be used at this time to aid in 

identifying localized soft or unsuitable material.  Any soft or unsuitable materials encountered 

during this proofrolling should be removed and replaced with engineered fill.  The excavation 

and backfilling should be observed by a representative of the geotechnical engineer so that 

excessive or inadequate removal of material can be avoided. 

 

Following stripping, proofrolling, and subgrade preparation procedures, engineered fill can be 

placed.  Fill used to support buildings and pavements should be placed in lifts not exceeding 8 

inches in loose thickness, moisture conditioned to within +/- 3% of the optimum moisture 

content, and compacted to at least 95% of the maximum dry density obtained in accordance 

with ASTM Specification D-698, Standard Proctor Method. 

 

Field density testing of subgrades and each lift of fill should be performed at a rate of no less 

than one test per 2,500 square feet in the building area and 5,000 square feet in pavement 

areas. 
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The following fill types are recommended for use on this project: 

 

Engineered Fill:  All on-site soils which are free of organics and other deleterious, non-soil 

materials.  If off-site borrow is required, imported material should classify as CL, ML, SM, SC, 

SP, or better.  Suitable imported material should have a maximum Liquid Limit of 50 and 

maximum Plasticity Index of 25.  Maximum aggregate size for all materials should be limited to 

4 inches.  It is noted that some of the on-site soils are likely above optimum moisture, which will 

require significant drying methods (i.e. scarifying, placing lime, etc.) to facilitate proper 

compaction. 

 

Porous Fill:  Clean crushed gravel (VDOT No. 57 Stone) with a maximum aggregate size of 

1.5 inches placed in a minimum 4-inch-thick layer or Aggregate Base Material placed and 

compacted in a minimum 6-inch-thick layer. 

 

Aggregate Base:  Aggregate Base Material Type I, Size 21-A. 

 

We recommend the early placement of crushed stone in slab and pavement areas to limit 

deterioration of an otherwise stable subgrade due to moisture intrusion and/or wheel traffic.   

 

Slope Design and Construction 

 

Areas of mass excavation, trenches, and pits should meet the requirements of the most current 

Occupational Safety and Health Administration (OSHA) 29 CFR Part 1926, “Occupational 

Safety and Health Standards-Excavations.”  Based on the boring results, at least a portion of 

the site’s near-surface soils appear to typically be OSHA Type C soils for the purpose of 

temporary excavation support. Regardless, site safety shall be the sole responsibility of the 

contractor and his subcontractors.  

 

Our exploration did not include a slope stability analysis. However, in general, given the 

cohesive nature of most of the on-site soils, cut slopes for the project should be designed at 

grades no steeper than 2H:1V.  If seepage water is noted along slope faces during 

construction, the geotechnical engineer should be contacted for further evaluation and 

recommendations for seepage control and possible revisions to these recommendations. 

 

We anticipate that the soils available for use as engineered fill will consist of silty and clayey 

soils. We recommend fill slopes generally be designed for grades no steeper than 2H:1V.  If 

cohesionless materials are used for fill, we recommend that slopes be maintained no steeper 

than 3H:1V.   

 

It is noted that loose soils along the slope face at these grades will be unstable, increasing the 

potential for chronic maintenance issues or possible impact to site improvements or structures 

along the slope crest.  In order to reduce the potential for surficial instability, it is critical all soil 

along the face of the slope be placed and compacted in accordance with our previous 

recommendations.  This is often accomplished by constructing the fill slope on benches to allow 

safe equipment access.  During placement, each compacted lift should extend beyond the 

design slope face, and then be cut back after compaction to the design grade.   
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Rock Excavation  

 

Rock excavation should be anticipated during both mass grading and confined excavation for 

footings and utilities.  As indicated on the enclosed boring logs, three of our nine borings 

refused on hard rock at approximate depths ranging from 22.5 to 58 feet below existing grades. 

Based on the depth of cut shown on the provided grading plan, we anticipate at least some 

removal of hard rock may be required near Boring B-2. As previously discussed, hard rock 

above the proposed design grades could be encountered in unexplored areas. 

 

For removal of hard rock, ripping is typically practical with specialized equipment for 

excavations extending down to levels corresponding to SPT N-values of about 100 bpf of 

sampler penetration.  For general excavations below this level, HWR and hard rock requiring 

hoe-ramming or blasting for removal is normally required.  However, given the proximity of the 

project to existing development, blasting may not be feasible.   

 

For the design, construction planning, and final pay quantities, we recommend that the following 

definition be used to define hard rock excavation material for the project specification: 

 

In open excavations and mass grading, hard rock is defined as any residual material 

which cannot be dislodged by a Caterpillar D-8N heavy duty track-type tractor, rated at 

not less than 285 hp flywheel power and equipped with a single-shank hydraulic ripper, 

capable of exerting not less than 45,000 lbs breakout force or equivalent without use of 

drilling and blasting or hoe-ramming.  In confined excavations, such as footing or trench 

excavations, hard rock is defined as any material which cannot be dislodged by a 

Caterpillar 215D LC track-type hydraulic excavator, equipped with a 42-inch wide short-

tip radius rock bucket, rated at not less than 120 hp flywheel power with bucket-curling 

force of not less than 25,000 lbs and stick-crowd force of not less than 18,000 lbs.  

Boulders or masses of hard rock exceeding one-half cubic yard in volume should also 

be considered hard rock excavation.  This classification does not include materials such 

as loose rock, concrete, or other materials that can be removed by means other than 

drilling and blasting or hoe-ramming, but which for reasons of economy in excavating, 

the contractor chooses to remove by drilling and blasting or hoe-ramming techniques. 

 

Construction Considerations 

 

Exposure to the environment may weaken the soils at the footing bearing level if the foundation 

excavations remain open for too long a time.  Therefore, foundation concrete should be placed 

the same day that excavations are made.  If the bearing soils are softened by surface water 

intrusion or exposure, the softened soils must be removed from the foundation excavation 

bottom immediately prior to placement of concrete.  If the excavation must remain open 

overnight, or if rainfall becomes imminent while the bearing soils are exposed, we recommend 

that a 1- to 3-inch-thick "mud mat" or "lean" concrete be placed on the bearing soils before the 

placement of reinforcing steel. 

 

In a dry and undisturbed state, the subgrade soils at the site will provide moderate subgrade 

support for fill placement and construction operations.  However, when wet, these soils will 

degrade quickly with disturbance from contractor operations.  Therefore, good site drainage 
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should be maintained during earthwork operations so as to help maintain the stability of the 

soils.  It should be incumbent on the contractor to protect all subgrades from damage due to 

construction, or to repair all damaged subgrades. 

 

It is considered essential that any existing fills be evaluated at the time of construction.  Where 

observed to be unstable, they should be undercut from below building and pavement areas at 

the direction of the geotechnical engineer. 

 

Additional Exploration 

 

Final geotechnical recommendations for structural design and overall site construction should 

be provided upon completion of additional geotechnical exploration of the soil and rock beneath 

the site.  This exploration should include detailed exploration and analysis of the soils present in 

specific building, pavement, and utility locations.  We would be pleased to provide these 

services.  

 

 

CLOSING 

 

The recommendations contained herein were developed from the data obtained in the soil test 

borings, which indicate subsurface conditions at specific locations at the time of exploration.  

Soil conditions may vary between the borings.  If, during the course of construction, variations 

appear evident, the geotechnical engineer should be informed so that the conditions can be 

addressed.  Design recommendations were developed based on the information provided and 

on building design criteria considered typical for this type of structure.  Should project 

characteristics differ from those discussed herein, ECS should be contacted for review of these 

conditions and possible revisions to the recommendations of this report. 

 

We have appreciated the opportunity to be of service to you.  If you have any questions with 

regard to the information and recommendations contained in this report, or if we can be of 

further assistance to you during construction, please do not hesitate to contact us.  

 

Respectfully, 

 

ECS MID-ATLANTIC, LLC 

 

 

 

 

Chris O'Hara, E.I.T. Brian S. Wyatt, P.E. 

Staff Engineer Principal Engineer 

Project Manager Vice President 
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COHESIVE SILTS & CLAYS  

UNCONFINED 

COMPRESSIVE 

STRENGTH, QP
4
 

SPT
5
 

(BPF) 

CONSISTENCY
7
 

(COHESIVE) 

<0.25 <3 Very Soft 

0.25 - <0.50 3 - 4 Soft 

0.50 - <1.00 5 - 8 Firm 

1.00 - <2.00 9 - 15 Stiff 

2.00 - <4.00 16 - 30 Very Stiff 

4.00 - 8.00 31 - 50 Hard 

>8.00 >50 Very Hard 

  

GRAVELS, SANDS & NON-COHESIVE SILTS 

SPT
5 

DENSITY 

<5 Very Loose 

5 - 10 Loose 

11 - 30 Medium Dense 

31 - 50 Dense 

>50 Very Dense 

 

REFERENCE NOTES FOR BORING LOGS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
Classifications and symbols per ASTM D 2488-09 (Visual-Manual Procedure) unless noted otherwise. 

2
To be consistent with general practice, “POORLY GRADED” has been removed from GP, GP-GM, GP-GC, SP, SP-SM, SP-SC soil types on the boring logs. 

3
Non-ASTM designations are included in soil descriptions and symbols along with ASTM symbol [Ex: (SM-FILL)]. 

4
Typically estimated via pocket penetrometer or Torvane shear test and expressed in tons per square foot (tsf). 

5
Standard Penetration Test (SPT) refers to the number of hammer blows (blow count) of a 140 lb. hammer falling 30 inches on a 2 inch OD split spoon sampler  
required to drive the sampler 12 inches (ASTM D 1586).  “N-value” is another term for “blow count” and is expressed in blows per foot (bpf).  

6
The water levels are those levels actually measured in the borehole at the times indicated by the symbol.  The measurements are relatively reliable 
 when augering, without adding fluids, in granular soils.  In clay and cohesive silts, the determination of water levels may require several days for the 
 water level to stabilize.  In such cases, additional methods of measurement are generally employed. 

7
Minor deviation from ASTM D 2488-09 Note 16. 

8
Percentages are estimated to the nearest 5% per ASTM D 2488-09.

 

 
RELATIVE 

AMOUNT
7
 

COARSE 
GRAINED 

(%)
8
 

FINE 

GRAINED 

(%)
8
 

   
Trace <5 <5 

Dual Symbol 
(ex: SW-SM) 

10 10 

With 15 - 20 15 - 25 

Adjective 
(ex: “Silty”) 

>25 >30 

WATER LEVELS
6
 

 WL Water Level (WS)(WD) 

  (WS) While Sampling 

  (WD) While Drilling 

 SHW Seasonal High WT 

 ACR After Casing Removal 

 SWT Stabilized Water Table 

 DCI Dry Cave-In 

 WCI Wet Cave-In 

DRILLING SAMPLING SYMBOLS & ABBREVIATIONS 

SS Split Spoon Sampler PM Pressuremeter Test 

ST Shelby Tube Sampler RD Rock Bit Drilling 

WS Wash Sample RC Rock Core, NX, BX, AX 

BS Bulk Sample of Cuttings REC Rock Sample Recovery % 

PA Power Auger (no sample) RQD Rock Quality Designation % 

HSA Hollow Stem Auger   

 
PARTICLE SIZE IDENTIFICATION 

DESIGNATION PARTICLE SIZES 

Boulders  12 inches (300 mm) or larger 

Cobbles  3 inches to 12  inches (75 mm to 300 mm) 

Gravel:     Coarse  ¾ inch to 3 inches (19 mm to 75 mm) 

                 Fine  4.75 mm to 19 mm (No. 4 sieve to ¾ inch) 

Sand:       Coarse  2.00 mm to 4.75 mm (No. 10 to No. 4 sieve) 

                 Medium  0.425 mm to 2.00 mm (No. 40 to No. 10 sieve) 

                 Fine  0.074 mm to 0.425 mm (No. 200 to No. 40 sieve) 

Silt & Clay (“Fines”)  <0.074 mm (smaller than a No. 200 sieve) 

 

MATERIAL
1,2

 

  

 
ASPHALT 

  

 
CONCRETE 

  

 
GRAVEL  

  

 
TOPSOIL 

   

 
VOID 

  

 
BRICK 

   

 
AGGREGATE BASE COURSE 

   

 
FILL

3
    MAN-PLACED SOILS 

   

 

GW WELL-GRADED GRAVEL 

gravel-sand mixtures, little or no fines 

   

 

GP POORLY-GRADED GRAVEL 
gravel-sand mixtures, little or no fines 

   

 

GM SILTY GRAVEL 

gravel-sand-silt mixtures 

   

 

GC CLAYEY GRAVEL 

gravel-sand-clay mixtures 

   

 

SW WELL-GRADED SAND 

gravelly sand, little or no fines 

   

 

SP POORLY-GRADED SAND 

gravelly sand, little or no fines 

   

 

SM SILTY SAND 

sand-silt mixtures 

   

 

SC CLAYEY SAND 

sand-clay mixtures 

   

 

ML SILT   
non-plastic to medium plasticity 

   

 

MH ELASTIC SILT  

high plasticity 

   

 

CL LEAN CLAY   
low to medium plasticity 

   

 

CH FAT CLAY 

high plasticity 

   

 

OL ORGANIC SILT or CLAY  

non-plastic to low plasticity 

   

 

OH ORGANIC SILT or CLAY 

high plasticity 

   

 

PT PEAT  
highly organic soils 
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1 SEE INDIVIDUAL BORING LOG AND GEOTECHNICAL REPORT FOR ADDITIONAL INFORMATION.

2 PENETRATION TEST RESISTANCE IN BLOWS PER FOOT (ASTM D1586).
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PROJECT NAME

Wood Haven Exploration

ARCHITECT-ENGINEER

Balzer & Associates, Inc.
SITE LOCATION

7911 Wood Haven Road, Roanoke, City of Roanoke, VA
LATITUDE LONGITUDE STATION

CONTINUED ON NEXT PAGE. 

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/19/20

WL(BCR) WL(ACR) BORING COMPLETED 02/19/20 CAVE IN DEPTH 2'

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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Wood Haven Exploration
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Balzer & Associates, Inc.
SITE LOCATION

7911 Wood Haven Road, Roanoke, City of Roanoke, VA
LATITUDE LONGITUDE STATION

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/19/20

WL(BCR) WL(ACR) BORING COMPLETED 02/19/20 CAVE IN DEPTH 2'

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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Topsoil Thickness [7"]

(CL) Residuum, LEAN CLAY, red- brown, moist,
stiff to very stiff

(ML) SILT, tan, moist, stiff to firm

(HWR) HIGHLY WEATHERED ROCK
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
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Topsoil Thickness [5"]

(CL) Residuum, LEAN CLAY, trace sand, tan-
brown, moist, very stiff

(ML) SANDY SILT, brown, moist, very stiff

(HWR) HIGHLY WEATHERED ROCK
SAMPLED AS GRAVEL WITH SILT And SAND,
gray, moist, very dense

END OF BORING @ 20.0'
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/20/20
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Topsoil Thickness [6"]

(CL) Residuum, LEAN CLAY WITH SAND,
brown, moist, stiff

(HWR) HIGHLY WEATHERED ROCK
SAMPLED AS GRAVEL WITH SAND, gray,
moist, very dense

(SP-SC) SAND WITH CLAY, trace gravel, gray,
moist, medium dense to dense

END OF BORING @ 20'
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LATITUDE LONGITUDE STATION

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/20/20

WL(BCR) WL(ACR) BORING COMPLETED 02/20/20 CAVE IN DEPTH 11.4'

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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(CL) Residuum, LEAN CLAY, trace sand, red-
brown, moist, stiff to very stiff

(ML) SILT, trace sand, tan, moist, stiff to firm

(SP) SAND WITH GRAVEL, tan, moist, loose

(HWR) WEATHERED ROCK SAMPLED AS
SANDY SILT, brown, moist, very dense
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Balzer & Associates, Inc.

JOB #

18900

BORING #

B-6

SHEET

PROJECT NAME

Wood Haven Exploration

ARCHITECT-ENGINEER

Balzer & Associates, Inc.
SITE LOCATION

7911 Wood Haven Road, Roanoke, City of Roanoke, VA
LATITUDE LONGITUDE STATION

CONTINUED ON NEXT PAGE. 

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/20/20

WL(BCR) WL(ACR) BORING COMPLETED 02/20/20 CAVE IN DEPTH 5.2'

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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ROCK QUALITY DESIGNATION & RECOVERY

RQD% REC.%

STANDARD PENETRATION
BLOWS/FT1233
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(HWR) WEATHERED ROCK SAMPLED AS
SANDY SILT, brown, moist, very dense

(ML) SANDY SILT WITH GRAVEL, tan- brown,
moist, firm

END OF BORING @ 35.0'
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PROJECT NAME

Wood Haven Exploration

ARCHITECT-ENGINEER

Balzer & Associates, Inc.
SITE LOCATION

7911 Wood Haven Road, Roanoke, City of Roanoke, VA
LATITUDE LONGITUDE STATION

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/20/20

WL(BCR) WL(ACR) BORING COMPLETED 02/20/20 CAVE IN DEPTH 5.2'

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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PLASTIC
LIMIT %

WATER
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ROCK QUALITY DESIGNATION & RECOVERY

RQD% REC.%

STANDARD PENETRATION
BLOWS/FT1233
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Topsoil Thickness [4"]

(CL) Residuum, LEAN CLAY WITH SAND, red-
brown, moist, very stiff to hard

(ML) SANDY SILT, tan, moist, very soft to very
stiff
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Balzer & Associates, Inc.

JOB #
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SHEET

PROJECT NAME

Wood Haven Exploration

ARCHITECT-ENGINEER

Balzer & Associates, Inc.
SITE LOCATION

7911 Wood Haven Road, Roanoke, City of Roanoke, VA
LATITUDE LONGITUDE STATION

CONTINUED ON NEXT PAGE. 

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/19/20

WL(BCR) WL(ACR) BORING COMPLETED 02/19/20 CAVE IN DEPTH 1.0'

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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ROCK QUALITY DESIGNATION & RECOVERY

RQD% REC.%

STANDARD PENETRATION
BLOWS/FT1269
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(ML) SANDY SILT, tan, moist, very soft to very
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AUGER REFUSAL @ 58.0'
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CLIENT

Balzer & Associates, Inc.

JOB #

18900

BORING #

B-7

SHEET

PROJECT NAME

Wood Haven Exploration

ARCHITECT-ENGINEER

Balzer & Associates, Inc.
SITE LOCATION

7911 Wood Haven Road, Roanoke, City of Roanoke, VA
LATITUDE LONGITUDE STATION

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/19/20

WL(BCR) WL(ACR) BORING COMPLETED 02/19/20 CAVE IN DEPTH 1.0'

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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CALIBRATED PENETROMETER TONS/FT2
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LIMIT %

WATER
CONTENT %

LIQUID
LIMIT %

ROCK QUALITY DESIGNATION & RECOVERY

RQD% REC.%

STANDARD PENETRATION
BLOWS/FT1269
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Topsoil Thickness [4"]

(CL) Residuum, LEAN CLAY WITH SAND, red-
brown, moist, stiff to very stiff

(ML) SILT WITH SAND, tan, moist, stiff to very
stiff
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Balzer & Associates, Inc.
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PROJECT NAME

Wood Haven Exploration

ARCHITECT-ENGINEER

Balzer & Associates, Inc.
SITE LOCATION

7911 Wood Haven Road, Roanoke, City of Roanoke, VA
LATITUDE LONGITUDE STATION

CONTINUED ON NEXT PAGE. 

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/19/20

WL(BCR) WL(ACR) BORING COMPLETED 02/19/20 CAVE IN DEPTH Not Observed

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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BOTTOM OF CASING LOSS OF CIRCULATION

CALIBRATED PENETROMETER TONS/FT2
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WATER
CONTENT %

LIQUID
LIMIT %

ROCK QUALITY DESIGNATION & RECOVERY

RQD% REC.%

STANDARD PENETRATION
BLOWS/FT1252
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(ML) SILT WITH SAND, tan, moist, stiff to very
stiff

(HWR) WEATHERED ROCK SAMPLED AS
GRAVEL WITH SAND, gray, moist, very dense

AUGER REFUSAL @ 35.0'
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CLIENT

Balzer & Associates, Inc.

JOB #

18900

BORING #

B-8

SHEET

PROJECT NAME

Wood Haven Exploration

ARCHITECT-ENGINEER

Balzer & Associates, Inc.
SITE LOCATION

7911 Wood Haven Road, Roanoke, City of Roanoke, VA
LATITUDE LONGITUDE STATION

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/19/20

WL(BCR) WL(ACR) BORING COMPLETED 02/19/20 CAVE IN DEPTH Not Observed

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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ROCK QUALITY DESIGNATION & RECOVERY

RQD% REC.%

STANDARD PENETRATION
BLOWS/FT1252
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Topsoil Thickness [7"]

(ML) Residuum, SANDY SILT, tan- brown,
moist, stiff to very stiff

END OF BORING @ 20.0'
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Balzer & Associates, Inc.

JOB #
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PROJECT NAME

Wood Haven Exploration

ARCHITECT-ENGINEER

Balzer & Associates, Inc.
SITE LOCATION

7911 Wood Haven Road, Roanoke, City of Roanoke, VA
LATITUDE LONGITUDE STATION

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL Dry WS WD BORING STARTED 02/20/20

WL(BCR) WL(ACR) BORING COMPLETED 02/20/20 CAVE IN DEPTH 8.2'

WL RIG CME 55 FOREMAN JB Jones DRILLING METHOD 2 1/4" HSA
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STANDARD PENETRATION
BLOWS/FT1219
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B-1

S-1 1.00 - 2.50 31.6

S-4 8.50 - 10.00 16.9 MH 54 35 19 99

S-6 18.50 - 20.00 31.8

S-9 33.50 - 35.00 60.3

S-12 48.50 - 50.00 65.5

B-2

S-1 1.00 - 2.50 29.6

S-4 8.50 - 10.00 48.1

B-3

S-2 3.50 - 5.00 15.0

S-5 13.50 - 15.00 29.4

B-4

S-2 3.50 - 5.00 39.7

S-4 8.50 - 9.75 20.9

B-5

S-1 1.00 - 2.50 38.4

S-5 13.50 - 15.00 31.7

B-6

S-5 13.50 - 15.00 41.2 ML 45 36 9 99

B-7

S-4 8.50 - 10.00 27.5

S-7 23.50 - 25.00 37.5

B-8

S-2 3.50 - 5.00 43.2

S-6 18.50 - 20.00 18.7 ML 39 29 10 94

B-9

S-1 1.00 - 2.50 30.2

Laboratory Testing Summary

Notes: 1. ASTM D 2216, 2. ASTM D 2487, 3. ASTM D 4318, 4. ASTM D 1140, 5. See test reports for test method, 6. See test reports for test method

Definitions: MC: Moisture Content, Soil Type: USCS (Unified Soil Classification System), LL: Liquid Limit, PL: Plastic Limit, PI: Plasticity Index, CBR: California Bearing Ratio, OC: Organic Content (ASTM D 2974)

Project No. 12:18900

Project Name: Wood Haven Exploration

Client: Balzer & Associates, Inc.

Printed On: Tuesday, March 10, 2020
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MC1
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Soil
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Atterberg Limits3
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No. 200
Sieve4
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Density

(pcf)

Moisture - Density (Corr.)5

Optimum
Moisture

(%)

CBR
Value6 Other
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S-4 8.50 - 10.00 21.1

Laboratory Testing Summary

Notes: 1. ASTM D 2216, 2. ASTM D 2487, 3. ASTM D 4318, 4. ASTM D 1140, 5. See test reports for test method, 6. See test reports for test method

Definitions: MC: Moisture Content, Soil Type: USCS (Unified Soil Classification System), LL: Liquid Limit, PL: Plastic Limit, PI: Plasticity Index, CBR: California Bearing Ratio, OC: Organic Content (ASTM D 2974)

Project No. 12:18900

Project Name: Wood Haven Exploration

Client: Balzer & Associates, Inc.

Printed On: Tuesday, March 10, 2020
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