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Subsurface Investigation 

The subsurface investigation program was divided into two distinct phases: field 
testing and laboratory testing.  The field testing program was completed from July 7 to 
July 20, 2010.  The field and laboratory testing programs are discussed in the following 
sections. 

Previous Investigations 

 Two investigation reports were provided to B&V by the City of Charlottesville.  
Both reports were prepared for the Rivanna Water & Sewer Authority and are listed 
below: 

 Rivanna Water & Sewer Authority, Feasibility Study for Upgrading the Ragged 
Mountain Dams,  prepared by Gannett Fleming, February 28, 2003. 

 Rivanna Water & Sewer Authority, Geologic and Geotechnical Data Report – 
New Ragged Mountain Dam, prepared by Schnabel Engineering, May 14, 2010. 

Field Testing Program  

 The B&V field testing program consisted of three concrete and bedrock core 
holes through the dam, one soil boring, two piezometers, three downhole televiewer logs, 
and 25 packer tests.  The three concrete core holes were completed along the top of the 
dam.  Once the holes through the dam and into the foundation were complete, optical and 
acoustic televiewer logs were performed in each core hole.  Packer tests – water pressure 
tests to determine permeability in fractured concrete or rock – were completed in each 
core hole following completion of the televiewer logs.  The soil boring was completed 
through a soil-fill buttress embankment installed on the downstream side of the existing 
concrete dam.  A B&V Geologist was present for the field investigation to direct drilling, 
sampling, and field testing; describe subsurface samples; and prepare detailed logs of the 
cores and boring.  Parratt and Wolff, Inc. (Parratt and Wolff) of East Syracuse, New York 
(under contract to B&V) provided drilling and sampling services.  Parratt and Wolff also 
completed the packer testing under the direction of B&V.  Hager-Richter Geosciences, 
Inc. (Hager-Richter) of Ford, New Jersey (under contract to B&V) provided downhole 
televiewer logging services and prepared the televiewer logging report.  The field tests 
performed at the Lower Ragged Mountain Dam are discussed in detail in the following 
subsections. 

Investigation locations are provided on Figure 1.  Table 1 lists the approximate 
ground surface elevation, depth for the borings, and depth to the bedrock contact (base of 
the dam for BV-1, BV-2P, and BV-3).  The boring logs are included in Appendix A, 
photographs of the recovered concrete and rock cores are included in Appendix B, the 
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televiewer report is provided in Appendix C, and the packer test results are presented in 
Appendix D. 

The investigation locations were not surveyed.  The top of concrete on the Lower 
Ragged Mountain Dam was reported as 642.5 feet in previous investigation reports. 

Concrete and Rock Coring  

 The B&V field investigation consisted of three concrete and rock core borings at 
boring locations BV-1, BV-2P, and BV-3 on Figure 1.  The borings were located on the 
crest approximately 1.5 feet away from the downstream edge of the dam – and 
approximately 5.5 feet away from the upstream edge – along the dam’s axis.  The 
locations were selected to sample the entire thickness of the placed cyclopean concrete 
and to investigate the contact between the dam and the underlying bedrock. 

Table 1  

Subsurface Investigation Locations 

Concrete and Rock Coring Locations 

Boring 
Elevation (1) 

(feet) 
Depth 
(feet) 

Depth to Bedrock 
(feet) 

Remarks 

BV-1 643.5 70.7 53.6  

BV-2P 643.5 83.6 64.4 Piezometer installed after completion 

BV-3 643.5 58.7 40.5  

Soil and Rock Core Boring Locations 

BV-4P 608.5 50.0 43.0 Piezometer installed after completion 

(1) Elevations are estimated from topographic contours presented in previous investigation report prepared for 
Rivanna Water & Sewer Authority (2003).  The datum is described as a local vertical datum established by 
assuming the spillway crest corresponds to the normal pool elevation (641.0 feet) for the Lower Ragged 
Mountain Dam provided on the USGS 1997 Charlottesville West quadrangle map. 

 

The borings were advanced from the top of concrete using a Central Mine 
Equipment 850 (CME-850) track-mounted drill rig (Figure 2).  Borings were started at 
the top of concrete using 4 inch inside diameter (ID), approximately 4-1/2 inch outside 
diameter (OD) surface casing with a carbide bit.  The surface casing was advanced 
between 1.2 and 1.4 feet below the top of concrete.  Then, the surface casing was 
removed and any loose concrete core was removed from the top of the core hole.  The 
surface casing was then set back in the core hole, the annular space around the outside of 
the surface casing was sealed, and a “T” connection was attached to the top of the surface 
casing.  The “T” connection controlled the flow of water used during the subsequent 
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concrete and rock coring.  All wash water was collected, pumped off the dam, and land 
applied in the adjacent areas. 

 

Figure 2 
CME-850 Drill Rig at Boring BV-2P 

Beneath the surface casing continuous samples of concrete and rock were 
obtained by advancing an HQ (3-3/4 inch OD), triple-tube, and wire-line core barrel with 
a metal-coated, diamond-impregnated bit.  The outer core barrel was approximately 8.5 
feet long with 5.25 feet long, 2-1/2 inch ID, inner core barrel which was also the retrieved 
core diameter. Coring was accomplished by advancing the outer core barrel while 
circulating water through it.  The inner barrel assembly – the inner barrel with a third, 
internal split barrel that protects the sample – was locked into the lead section of the wire-
line drill rod by means of a retrievable overshot latching mechanism.  After the core run, 
the overshot mechanism was lowered through the rods, latched onto a spearhead on the 
top of the inner core barrel assembly, and was hoisted to the surface using a cable and 
wire-line winch.  When the inner barrel assembly was retracted, the core lifter gripped the 
core, and the core was normally broken from the material at the base of the hole.  At the 
surface, the split barrel was extruded hydraulically and opened to inspect and log the core 
with minimal disturbance.  The outer barrel, which also acted as a casing, allowed water 
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to be circulated from the bit through the annulus between the core hole wall and outer 
barrel.  This water cooled the drill and removed cuttings from the core hole. 

The retrieved concrete and rock cores were placed in wood boxes with a 
maximum length of 5 feet in each row of the box.  Runs were separated by wood block 
spacers or a gap was left in the core box when a run could not be placed in an individual 
row of the box.  Core runs were placed end to end in each row of the box.  Mechanical 
breaks due to the drilling process or deliberate breaks during examination or handling 
were marked and accounted for while measuring the rock quality designation (RQD) 
recovery.  The rock recovery and RQD recovery were measured in accordance with 
ASTM D6032-02.  Percent recovery is calculated as the ratio of rock recovery to run 
length.  The RQD is a modified core recovery percentage in which the lengths of all 
pieces of sound core more than 4 inches long are summed and divided by the length of 
the core run.  Boring logs for each core hole are presented in Appendix A.  Photographs 
of the cores were taken after labeling each core box and are presented in Appendix B. 

Drilling fluid (water) was obtained from the Ragged Mountain Reservoir using a 
suction hose and a screw-type pump on the CME-850.  Water return during circulation 
drilling (concrete and rock coring) was generally good, and only minor amounts of water 
were lost to the subsurface.  At Boring BV-2P, circulation of the drilling water was 
completely lost for approximately 0.4 feet at a depth of 11.2 feet.  Circulation was re-
established below 11.6 feet.  Multiple zones of bubbles were noticed disturbing the 
surface of the reservoir during drilling at and below the base of the dam in Boring BV-
2P.  These bubbles were observed across a diffuse zone and were likely created by a 
minor loss of drilling fluids through joints or fractures at the base of the dam or the 
underlying bedrock. 

Soil and Rock Test Boring 

Boring BV-4P sampled soil and fill material in the buttress embankment on the 
downstream side of the Lower Ragged Mountain Dam, and the underlying bedrock.  The 
boring location was selected by the B&V Geologist to sample as much of the 
embankment material, and the contact between the embankment and the underlying 
bedrock, without intersecting the concrete of the Lower Ragged Mountain Dam.   

The borings were advanced from the ground surface using an Acker Drilling 
Company Ace (Acker Ace) skid-mounted drill rig (Figure 3).  Borings were started at the 
ground surface using 3-3/4 inch OD casing with a carbide bit and water using the rotary 
casing method.  A surface pressure gauge was installed on the discharge line of the pump 
to monitor fluid pressure during the casing advancement.  Standard penetration testing 
(SPT) was completed at 2.5 foot intervals using a 1-3/8 inch ID, 2 inch OD, split-barrel 
sampler with a spring type sample retainer and a 140 pound cylindrical-weight hammer 
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dropped 30 inches using a rope and cathead with 1-3/4 turns, in accordance with ASTM 
D6066.  Disturbed soil samples were collected in glass jars from the split-barrel samplers 
for each SPT interval. 

Figure 3 
Acker Ace Drill Rig with Blocking and Work Area at Boring BV-4P 

Beneath the buttress embankment, the 3-3/4 inch OD casing was set 
approximately 6 inches into the underlying rock.  Continuous rock samples were obtained 
by advancing an NX (3 inch OD), double-tube core barrel with a metal-coated diamond 
impregnated bit.  The outer core barrel was approximately 7.25 feet long with a 5.2 feet 
long, 2-1/8 inch diameter, solid inner core barrel.  A 2-1/8 inch diameter rock core was 
retrieved by advancing the outer core barrel while circulating water to cool the drill bit 
and remove cuttings.  The inner barrel assembly was lowered into the outer barrel in the 
lead section of the drill string.  The outer barrel allowed fluid to be circulated from the bit 
through the annulus between the inner and outer barrel, while keeping the inner barrel 
and core catcher oriented.  After the core run, the drill rod with the inner and outer core 
barrel was lifted to the surface.  When the core barrel was raised, the core catcher 
attached to the inner barrel gripped the core, and the core was normally broken from the 
base material at the base of the hole. 

The retrieved rock cores were placed in wood boxes with a maximum length of 5 
feet in each row of the box.  Runs were placed in individual rows of the box.  Mechanical 
breaks due to the drilling process or deliberate breaks during examination or handling 
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were marked and accounted for while measuring RQD recovery.  The rock recovery and 
RQD recovery were measured in accordance with ASTM D6032-02.  The boring log for 
Boring BV-4P is presented in Appendix A.  Photographs of the cores were taken after 
labeling the core box.  Photographs of the core from Boring BV-4P are presented in 
Appendix B. 

Downhole Televiewer Logs 

Downhole optical televiewer (OTV) and acoustical televiewer (ATV) logs were 
completed by Hager-Richter on July 16, 2010.  Both televiewers produce a continuous 
and oriented, 360 degree image of the core hole wall that assists in identifying the 
aperture and orientation (dip angle and direction) of joints, fractures, or foliation.  
Orientation of the images is achieved by incorporating centralizers, a magnetometer, and 
three accelerometers into the logging tools.  This orientation allows imaged features to be 
corrected for borehole deviation or rotation of the instrument, and facilitates recovery of 
the orientation of planar features.  When the recovered core is highly susceptible to 
mechanical fracturing caused by the drilling process, televiewer logs provide additional 
data for discriminating between mechanical fractures and in-situ joints or fractures. 

An ALT OBI-40 OTV probe was used.  OTVs use a light source, CCD (charge-
coupled device) camera, and a rotating reflector to measure the intensity of the reflected 
light in the color spectrum (red, green, and blue) from the walls of the core hole as the 
probe is lowered or raised at a rate of approximately 5 feet per minute.  OTV images may 
be collected in air- or water-filled core holes.  The data quality of the OTV may be 
degraded by turbide water, coatings on the sides of the core hole, improper adjustment of 
the light source, or large diameter borings that may reduce the amount of reflected light. 

ATVs use an ultrasonic acoustic pulse source (approximately 0.5 to 1.5 mega-
hertz) and a transducer to measure the travel time and amplitude of reflected acoustic 
signals.  Similar to the OTV, a rotating reflector is used to focus the acoustic signal from 
a fixed source on the core hole walls over 360 degrees.  The use of a fixed source with a 
rotating reflector produces a vertical resolution of 1 to 2 millimeters, and is capable of 
detecting joints or fractures with a very narrow aperture.  To collect ATV logs, the core 
holes are filled with water to allow transmission of the acoustic pulse between the source 
and the walls of the boring.  The ATV log quality is not affected by turbid water.  
Additionally, an acoustical caliper log may be produced from the ATV data that estimates 
the depth and aperture of joints and fractures. 

The OTV logs provided good quality color images of the core hole walls at all 
accessible depths in core holes BV-1 and BV-3.  Turbidity in the water slightly obscured 
the OTV images below 70 feet in core hole BV-2P.  Good quality ATV logs were 
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obtained from all three concrete core holes.  The OTV and ATV logs are provided with 
the report in Appendix C. 

Packer/Water Pressure Testing 

Packer tests were completed in each of the three concrete and rock core borings to 
assess the amount of water leakage through the concrete dam, at the interface between the 
dam and bedrock foundation, and in the foundation bedrock.  Packer testing involves 
isolating an interval of the core hole with inflatable packers, pressurizing the interval with 
water, and recording the effective pressure in the interval and the resulting flow rate out 
of the interval.  The test is then repeated three to five times at two to three different 
pressures.  The resulting flow – in velocity (feet per day or similar) or lugeons (defined as 
liters per minute per meter of borehole interval at 1 bar of pressure) – is then calculated.  
The resulting permeability is not a true permeability since the concrete or rock is not a 
true porous medium.  Instead, the packer test provides a relative measurement of 
potential leakage through joints or fractures. 

Prior to initiating packer testing in the core holes, the initial water level was 
measured, the flow meter and pressure gage were checked, and the potential frictional 
resistance of the 1-inch diameter pipe was measured (flows less than 10 gallons per 
minute did not produce a measurable increase in pressure).  The packers were also 
measured to determine the minimum pressure required to reach the core hole diameter.  
This minimum pressure was then used to avoid over pressurizing the packers within the 
dam.  Initially, a single packer test was completed that isolated the bottom of the core 
hole approximately 3 to 5 feet below the base of the dam.  More typically, the tests 
completed at the Lower Ragged Mountain Dam typically isolated an 8.5 feet interval with 
an inflatable double-packer system, and repeated the test in each interval three times at 
pressures of 5 pounds per square inch (psi), 10 psi, and 5 psi. (the low pressures used 
during the packer tests completed in this investigation were intended to prevent 
hydrofracturing)  Flow rate and water pressure were measured at the surface using inline 
gauges.  Water pressure was controlled using an inline ball valve and a bypass valve that 
allowed discharge away from the core hole. 

The test intervals, initial water level, measured pressure, flow rate, and calculated 
permeability are presented in Table 2.  Calculation of permeability helps provides a 
diagnostic tool to determine flow due to dilation of narrow cracks by the applied 
pressure, infilling and potential wash out.  Intervals where little or no flow was observed 
indicate tight concrete.  Minor flow is likely leakage and possible wash out at the walls of 
the core hole around the packers.  Higher volume flows likely represent joints or fractures 
that are hydraulically connected with the exterior of the concrete.  Flow may be laminar 
or turbulent when permeable joints or fractures are present.  The permeability of the 
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joints and fractures may decrease due to infilling by transported material or increase due 
to wash out as the packer test continues (the low pressures and short duration of the 
packer tests completed during this investigation were intended to minimize washout).  
Test intervals were intended to overlap at least 1 foot in order to better define which 
joints or fractures identified during the subsurface investigation may be the source of any 
potential leaks.  Additional tests were completed in some locations to better identify the 
permeable zones.  Appendix D provides the field data, data reduction, and plots for each 
packer test. 
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Table 2 

Packer Test Results Summary 

Boring 
Test 
No. 

Packer 
Test Type 

Depths Permeability 
Tested Material 

(feet) (Lugeons) 

BV-1 

1 Single 57.0-70.7 3.9 Bedrock 

2 Double 44.1-52.6 0.0 Concrete 

3 Double 49.1-57.6 0.0 Dam Interface 

4 Double 36.5-45.0 3.1 Concrete 

5 Double 29.0-37.5 0.7 Concrete 

6 Double 21.5-30.0 5.6 Concrete 

7 Double 14.0-22.5 6.9 Concrete 

8 Double 6.5-15.0 0.6 Concrete 

BV-2P 

1 Single 67.0-83.6 0.0 Bedrock 

2 Double 59.3-67.8 210 Dam Interface 

3 Double 52.0-60.5 0.0 Concrete 

4 Double 63.0-71.5 142 Dam Interface 

5 Double 44.5-53.0 3.4 Concrete 

6 Double 37.0-45.5 8.5 Concrete 

7 Double 30.5-39.0 7.9 Concrete 

8 Double 22.9-31.4 15 Concrete 

9 Double 15.5-24.0 0.0 Concrete 

10 Double 9.5-18.0 3.5 Concrete 

BV-3 

1 Single 44.0-58.7 0.0 Bedrock 

2 Double 36.5-45.0 0.0 Dam Interface 

3 Double 28.8-37.3 8.3 Concrete 

4 Double 21.5-30.0 0.0 Concrete 

5 Double 18.0-26.5 0.0 Concrete 

6 Double 10.5-19.0 1.4 Concrete 

7 Double 6.0-14.5 5.9 Concrete 

Notes: 

Double = test using a double (straddle) packer to isolate an interval of the 
core hole 

Single = test using a single packer test to  isolate the bottom of the core 
hole 
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Dam – Bedrock Interface Discussion  

 The interface between the cyclopean concrete of the Lower Ragged Mountain 
Dam and the underlying bedrock was evaluated for each core hole. 

 BV-1 – A bind in the core barrel prevented recovery of the interface between the 
concrete and bedrock in Boring BV-1; however, the interface was documented with 
the OTV and ATV, and evaluated using with packer tests.  The OTV and ATV logs 
indicate the concrete-bedrock interface at the base of Boring BV-1 is at a depth of 
53.6 feet below the top of concrete and dipping at approximately 40 degrees towards 
the east-southeast.  The OTV and ATV logs indicate the interface is a competent 
contact with no weathering or void space.  A “mud mat” was not observed in the 
OTV log.  The packer tests indicated no flow of water (0.0 Lugeons) through the 
concrete-bedrock interface with an applied pressure between 5 and 10 psi (Appendix 
D). 

 BV-2P – The concrete-bedrock interface was recovered in Boring BV-2P.  The core 
identified a possible very narrow (<0.05 inches) or tight joint between the concrete 
and bedrock dipping at approximately 31 degrees (photograph included in Appendix 
B).  Additional joints and fractures were identified in the 3 feet of concrete above the 
concrete-bedrock interface, but a “mud mat” was not encountered.  The OTV and 
ATV logs confirmed the absence of a joint or fracture at the concrete-bedrock 
interface (Appendix C).  Packer tests identified an area of significant flow (140 to 210 
Lugeons) across the concrete-bedrock interface (from approximately 60.5 to 67 feet 
below the top of concrete) (Appendix D).  Additionally, a zone of diffuse bubbles 
were observed rising to the surface of the reservoir during the packer testing in this 
interval.  These bubbles implied a connection between the packer tests near the base 
of the dam and the reservoir.  The bubbles stopped rising to the surface of the 
reservoir soon after the packer tests were stopped. 

 BV-3 – The concrete-bedrock interface was recovered in Boring BV-3.  The core 
recovered concrete bonded to the underlying bedrock at the interface (photograph 
included in Appendix B), and did not observe a “mud mat” at the base of the dam.  
The OTV and ATV logs confirmed the absence of a joint or fracture at the concrete-
bedrock interface and confirmed the fracture approximately 0.2 feet beneath the base 
of the dam was a mechanical break (Appendix C).  The packer tests indicated no flow 
of water (0.0 Lugeons) through the concrete-bedrock interface with an applied 
pressure between 5 and 10 psi (Appendix D). 

 



City of Charlottesville  Subsurface Investigation 

168539-ITRT Review-101029  11 

The OTV and ATV report identifies fractures, foliations and veins in the bedrock beneath 
the dam and labels zones of fractured or weathered concrete (Appendix D).  The OTV 
and ATV logs do not identify plum stones, mortar and aggregate of the cyclopean 
concrete.  To simplify interpretation of the OTV and ATV logs, a marked-up example of 
the OTV and ATV log for boring BV-3 between 29.5 and 46.0 feet below top of concrete 
(Page 29 of 38 from Appendix D) is provided (Figure 4). 

 

 

Figure 4 
Marked-up OTV and ATV Log that Indicates Plum Stones and Mortar Areas 
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The marked-up log is an interpretation by B&V based on the Hager-Richter report as well 
as observations made during the concrete coring.  The mark-up identifies the plum stones 
and zones of mortar and aggregate.  The following bullets list characteristics of each 
material type in the OTV and ATV logs. 

 Plum Stone 

o OTV Image – Generally darker in color.  Smaller amounts of light-colored 
specks may be present in gneiss or granitic gneiss stones. 

o ATV Amplitude – Nearly constant light yellow color (no change in 
amplitude).  No amplitude variation indicates a smooth borehole wall 
created by smooth core bit abrasion. 

 Mortar and Small Aggregate 

o OTV Image – Generally lighter in color.  Aggregate of native material – 
similar to plum stone – creates minor, speckled darker colors. 

o ATV Amplitude – Large variations in amplitude due to the “rougher” 
nature of the core hole wall.  Larger aggregate is typically light yellow – 
similar to plum stones – while the mortar and smaller aggregate particles 
create patchy areas of black to dark yellow material. 

Plum stones vary in diameter from less than 1/2 inch to more than 2 feet.  Larger plum 
stones are identified, but smaller plum stones may be observed.  The frequency of larger 
plum stones varied in and between cores; however, a general trend or zone of increased 
or decreased plum stone frequency was not observed.  This observation indicates a mortar 
“mud” mat – used to level out the bedrock beneath the cyclopean concrete – was not 
present beneath the dam in any of the three borings.  The cyclopean concrete, consisting 
of mortar, aggregate and plum stones, was observed directly above the native bedrock. 
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APPENDIX A 

BORING AND WELL LOGS 
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APPENDIX B 

CORE PHOTOGRAPHS 
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BOREHOLE GEOPHYSICAL LOGGING REPORT 
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GEOSCIENCE, INC.

PROJECT: Ragged Mountain Project DATE LOGGED: July 16, 2010

HAGER-RICHTER 846 Main Street
Fords, NJ  08863
Phone:  732-661-0555
Fax:  732-661-0123

CLIENT: Black & Veatch H-R FILE: 10RG22

ORIENTATION REFERENCE: Magnetic North

FRACTURE STATISTICS PLOTS

LOCATION: Charlottesville, Virginia

BOREHOLES: BV-1, BV-2, & BV-3
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Fords, NJ  08863
Phone:  732-661-0555
Fax:  732-661-0123

CLIENT: Black & Veatch H-R FILE: 10RG22

ORIENTATION REFERENCE: Magnetic North

FOLIATION & VEIN STATISTICS PLOTS

LOCATION: Charlottesville, Virginia

BOREHOLES: BV-1, BV-2, & BV-3
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CLIENT
PROJECT
LOCATION
H-R FILE
DATE LOGGED
LOG DATUM
DIP AZIMUTH
DIP ANGLE

Depth Dip Azimuth Dip Angle Bedrock Structure
(feet) (degrees) (degrees) Category

40.6 317 27 Fracture Rank 2
41.6 88 35 Foliation or Vein
42.6 34 65 Foliation or Vein
42.9 49 62 Foliation or Vein
43.2 359 42 Foliation or Vein
45.9 87 78 Foliation or Vein
48.5 180 2 Fracture Rank 1
50.7 177 80 Foliation or Vein
52.6 165 71 Foliation or Vein
53.3 160 71 Foliation or Vein
54.1 178 81 Fracture Rank 1
54.9 162 86 Fracture Rank 1
55.3 18 81 Fracture Rank 1
57.6 101 43 Fracture Rank 1

TABLE OF BEDROCK STRUCTURES FOR BOREHOLE BV-3
Black & Veatch
Ragged Mountain Project

10RG22
July 16, 2010

Charlottesville, Virginia

TABLE OF BEDROCK STRUCTURES FOR BOREHOLE BV-3

Top of the Concrete Dam
Referenced to Magnetic North
Measured from Horizontal

HAGER-RICHTER
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PACKER TESTING DATA 
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