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, MACTEC 
Engineering and constructing a better tomorrow 

November 16, 2009 

From: Jon Honeycutt, Staff Professional £ C' 
For r 'Akv,~ ii--With Perm' 

Reviewed By: Steve Kiser, Principal Professional, __ <8'L,...=_ 
Subject: Report of SPT Energy - MACTEC CME-550x A TV 

Hammer Serial No. M:EC-05 Automatic Hammer 
WORK INSTRUCTION No.8 (DCN:NAP-077) 
North Anna 3 Project 
Louisa County, Virginia 
MACTEC Project No. 6468-09-2473 

lonathan Honeycutt, ofMACTEC Engineering and Consulting. Inc. (MACTEC), performed energy 
measurements on the drill rig at the subject site per the referenced Work Instructions. This 
memorandum summarizes the field testing activities and presents the results of the energy 
measurements. 

SPT Energy Field Measurements 

SPT energy measurements were made on September 2, 2009, during drilling of Boring M-9 at the 
referenced site. The testing was performed by Jonathan Honeycutt from approximately 8:30 AM 
to 10:00 AM on September 2 under clear skies with a temperature of about 65 degrees 
Fahrenheit. The boring was drilled by :MACTEC personnel using equipment from the :MACTEC 
Atlanta office. The drilling equipment consisted of a CME-550x model ATV drill rig with an SPT 
automatic hammer. The drilling tools consisted of A W-J-sized drilling rods and a 2-foot long 
split-barrel sampler. Mud rotary drilling techniques were used to advance the boring at the time 
of energy testing. The drill rig operator during sampling was Mr. Ruben Landeros. Energy 
measurements were recorded during sampling at the depth intervals shown in Table 1. 

The energy measurements were perfonned with a Pile Driving Analyzer (PDA) J:l1odel PAX 
(Serial No. 3622L), and calibrated accelerometers (Serial Nos. K983 and K0686) and strain gages 
(Serial Nos. A W#75/1 and A W#7512). A steel drill rod, 2 feet long and instrumented with 
dedicated strain gages, was inserted at the top of the drill rod string immediately below the 
automatic SPT hammer. The inserted rod was also instrumented with two piezoresistive 
accelerometers that were bolted to the outside of the rod. The instrumented rod was two feet 
below the hammer impact point and had a cross-sectional area of approximately 1.22 square 
inches and an outside diameter of approximately 1.75 inches at the gage location. The drill rods 
included in the drill rod string were hollow rods in 5 to 10 foot long sections, with an outside and 
inside diameter of approximately 1.75 and 1.375 inches, respectively. The recommended 
operation rate of the hammer is not known. Due to the closed hammer system, the hammer 
lubrication condition and anvil dimensions could not be observed. 

18 Pages Total 

MACTEC Engineering and Consulting, Inc. 
2801 Yorkmont Road, Suite 100 • Charlotte, NC 28208 • Phone: 704.357.8600 

www.moctec.com 
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Calibration Records 
 
The calibration records for all the above are filed in DCN NAP-223.   

Calculations for EFV 
 
The work was done in accordance with ASTM D 4633-05.  The strain and acceleration signals 
were converted to force and velocity by the PDA. The maximum energy transmitted to the drill 
rod string (EFV), as measured at the location of the strain gages and accelerometers, was 
calculated by the PDA using the equation shown below: 
 

EFV = � F(t) * V(t) * dt  
 
                        Where: EFV = Transferred energy (EFV equation), or Energy of FV 
                                    F(t) = Calculated force at time t 
                                    V(t) = Calculated velocity at time t 
                                     
As recommended by ASTM D4633-05, the force-velocity method of energy calculation was used. 
The equation shown above for calculating EFV, integrated over the complete wave event, 
measures the total energy content of the event using both force and velocity measurements. The 
EFV values associated with each blow analyzed are tabulated in the attached PDIPLOT tables 
and are also shown graphically in the PDIPLOT charts. 
 
Calculations for ETR 
 
The ratio of the measured transferred energy (EFV) to the theoretical potential energy of the SPT 
system (140 lb weight with the specified 30 inch fall) is the ETR.  The ETR values (as percent of 
the theoretical value) are shown in Table 1. 
  
Comparison of ETR to Typical Energy Transfer Ratio Range 
 
Based on a research report published by the Florida Department of Transportation (FDOT) 
(Report WPI No. 0510859, 1999), the average ETR measured for automatic hammers is 79.6%. 
The standard deviation was 7.9%; therefore, the range of ETRs within one standard deviation of 
the average was reported to be 71.7% to 87.5%. This range of ETRs was also consistent with 
other research that was cited in the FDOT research paper; however, maximum and minimum 
ETR values of up to 98% and 56%, respectively, were reported in the literature. The ETR values 
shown in Table 1 are generally within the range of typical values for automatic hammers as 
reported in the literature. 
 
Discussion 

Based on the field testing results, observations from the SPT energy measurements are 
summarized below: 
 

� The data obtained by the PDA are generally consistent between individual hammer 
blows and between the sample depths tested. In general, the first and last one (and 
sometimes two or more) hammer blow records recorded by the PDA produced poor 
quality data (which is relatively common) and, as such, the record(s) was(were) not 
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used in the data reduction. This may result in more or less hammer blows evaluated 
for ETR than what is shown on the boring logs. 

 
� The average energy transferred from the hammer to the drill rods for each 

individual depth interval using the EFV method ranged from 280 foot-pounds to 
298 foot-pounds.  These average energy transfers correspond to energy transfer 
ratios (ETR) of 80.0% to 85.1% of the theoretical energy (350 foot-pounds) of the 
SPT hammer.   

 
� The average at each depth interval was calculated as the transferred energy for each 

analyzed blow of the depth intervals divided by the total number of hammer blows 
analyzed.  The overall average energy transfer of the SPT system (for all the depth 
intervals tested) was 291.2 foot-pounds, with an average ETR of 83.2%. 

 
 
Attachments: Page 4  Table 1 - Summary of SPT Energy Measurements – 1 Page 
  Pages 5 – 6  Work Instruction No. 8 DCN:NAP 077 – 2 Pages (without attachments) 
  Page 7  Record of SPT Energy Measurement – 1 Page 
  Pages 8 – 17  PDIPLOT Output – 10 Pages 
  Page 18  Force-Velocity Plot – 1 Page 
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SUMMARY OF SPT ENERGY MEASUREMENTS (ASTM D4633-0S) 
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MACTEC Project No. 6468-09-2473 
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PMeasured Energy is energy based on the EFV method, as outlined in ASTM D4633-05. for each blow recorded by the PDA. In some cases, the initial and final 
one to two blows produced poor quality data, and were not used to calculate the Average Measured Energy. This may result in more or less blows evaluated for 
ETR than what is shown on the boring logs. 

EFV = EMX ,. 1000 lbs/kip, where EMX equals the maximum transferred energy measured by the PDA (see attached PDA data). 
bEnergy Transfer Ratio is the Measured Energy divided by the theoretical SPT energy of350 foot-pounds (140 pound hammer falling 2.5 feet). 
The average EFV and ETR values may differ slightly and insignificantly from those in the PDlPLOT tables due to roundoff. 

Prepared By: Date: Checked By: ~lJL] Date: l l-I" -. ~ 

~ 2l"Y"it'" b1-For With Permi on 
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Work Instruction No.8 
North Anna 3 Project 

MACTEe Engineering and Consulting, Inc. 
Project Number: 6468-09-2473 

Issued To:. __ ",JQ"n"a",th",a"nuH",Q"n",e"y"cu"t",t.~S"te"v"e'"'Ki""'·s"'er'---___________________ ~Rev. No. 0 

Issued By: p, Steven Copley. P.E. Date; August 31. 2009 

Valid From: August 31. 2009 To: _~A"u"'gu"s"t .. 3-'-l.u2"O,,1"_Q ______ _ 

Task Description: Perform SPT Energy Measurements 

Applicable Technical Procedures or Plans, or other reference: 

1. Geotechnical Work Plan (complete copy of curre.nt revision available at Fidd Office), Section 4.2 and Attachment 2 
- Drilling and Sampling Procedures (attached) 

2. Engineering Specification for Subsurface Investigation and Laboratory Testing, No. 25161-500-3PS-CYOO-QOOOl, 
Rev. 000, Issued for use August 21. 2009, Section 3.3 Drilling Equipment (attached) 

3. ASTM D 4633-05 (attached) 

Specific Instructions (note attachments where necessary): Perfonn enef1,ry measurements for each drill rig on site in general 
accordance with ASTM D 4633..{)5. Consult with Site Manager as to schedule for performing the measurements. Hammer 
weights have been checked, and records will be available on site. All rigs are using automatic hammer systems. Confirm that 
automatic hammer system is being operated within manufacturer's recommendations or in a typical operating fashion as 
observed from watching one or two SPT measurements prior to measuring energy. Check each drill rig using all hammer/rod 
combinations that it will be using. Depths for measurements should be coordinated with the Site Manager. See Site Manager 
for current boring logs of holes drilled, if available, and use these to plan most effective field measurement program. Submit 
copies of calibration records for equipment to Principal Professional for review prior to beginning work 011 site. 

Confinn with Site Manager that approval of equipment calibration records bave been received prior to beginning field 
testing. I funexpected conditions are encountered that affect mea'surements, contact Site Manager or Principal Professional 
immediately. 

R eport Format: Prepare standard report in accordance with ASTM 04633-05 requirements. 

Specific Quality Assurance Procedures Applicable: 10CFR2l; NQAP 16-01 Procedure For Conforming To Federal 
Regulation 10CFR21; QAP 20-1; QAP 25~1; Section 306 of the Energy Reorganization Act of 1974. Current revisions 
apply; copies available in Field Office. 

Hold Points or Witness Poiuts: None 

Records: All records generated shall be considered QA Records. 

Page 1 of 15 
DeN NAP077 
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Reviewed and Approved By (Note: Only one signature required for issuance): 

Project Manager: ----:,----,0,------, ___ ---,--- --- Date: ______ --::-_____ _ 

Principal Professional: _..tP"--".-=.J-'--k'-"-'=----=G=+,I·:o::.~;,q7------- Date: _~8~·__'3~'~ • ....:O:::9~_ 
Site Manager: __________________ Dnte: _____ _______ _ 

No. of Pages: _~1..,5,-__ 

OAfron 24-1 Revised 8/1212009 

DCN: NAP077 

Page 2 of 15 
DeN NAP077 
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PROJECT: 

LOCAnON: 

PROJECT NO.: 

OATE: 

WEATHER: 

!NSPECTOR: 

ORiLUNG COMPANY: 

BORING NUM6ER: 

DEPTH DRIUED: 
TIME DRIVEN: 

RIG OPERATOR: 

HAMMER OPERATOR: 

POA PAl( SERIAL NO.: 

INSTR. ROD AREA: 

ACCEL SERIAL NOS.: 

STRAIN SERiAl MOS.: 

-

REMARKS: 

arMACTEC 
2801 YORKMONT ROAD, SU ITE 100 0 CHARLOTTE, NC 28208 

Telephone: (704) 357-8600 I Facsimile: (704) 357·8638 

RECORD OF SPT ENERGY MEASUREMENT 
GENERAL INFORMATION DRILL RIG DATA 
North Anna 3 Pro eet MAKE: C'" IE. 
Vll"Olnla MODEl: "<;:,, y 
6468·09·2473 SERiAl HO. : - 0';-

'f1211E1J 0/ HAMMER TYPE: 

t,,' F- ...s"'~IVj' RO?E CONDITION: N/' 

-:S"" ROD SIZE: .W~ 

MACTEC- NO. OF SHEAVES: "" 
BORING DATA 

M o'f 
Various 

.. ?; :? '" ~ '" - 11'>; 1>(- - 1M 

(<' . 
N/' 

3622L 
_ 27 ',v;J.. 

<1/- k413 04-1 1<.13. '>-, ... ..., #. //:1 ... '" '" DEPTH N_VALUE 

(fttt) (bpI) 

I,. 'f.. It, ."/ 4-1;· '-1 

/7 . '1-119- ;;-< '" - b 

J:l_ ~ - 2't.'t S-c,- b 

:)7.9-J~·3 6-'{--"1-

3;(. N -3'1·3. 5-i/->1 

Testing performed in accordance with 
ASTM 0 4633"()S 

Reviewed By: 

~-hr 

Ii;,v. () 



Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M9 (15.4' - 16.9' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009

NORTH ANNA 3 Project - BORING M9 (15.4' - 16.9' sample) Rig Serial No. MEC-05; CME 550 X (R.Landerous)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 21.00 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 21.1 8.2 14.7 26 0.8 1.9 0.219 86.2 0.302
 3 21.6 9.2 14.3 26 0.8 55.9 0.199 82.6 0.289
 4 19.8 10.9 14.0 24 0.8 52.9 0.206 87.6 0.307
 5 21.6 9.1 14.3 26 0.8 53.5 0.203 84.8 0.297
 6 18.8 9.6 13.3 23 0.8 54.0 0.204 84.1 0.294
 7 20.1 8.2 14.1 25 0.8 53.4 0.199 81.6 0.286
 8 21.1 9.7 13.7 26 0.9 54.7 0.194 82.0 0.287
 9 18.9 8.3 13.1 23 0.8 53.5 0.196 80.2 0.281

 10 18.8 7.8 13.2 23 0.8 54.2 0.196 78.3 0.274
 11 20.0 7.5 13.9 24 0.8 53.2 0.196 77.3 0.270
 12 18.8 9.0 13.9 23 0.8 52.7 0.200 81.8 0.286
 13 21.3 9.4 14.2 26 0.8 53.1 0.199 81.1 0.284
 14 20.6 8.7 14.2 25 0.8 53.2 0.198 83.2 0.291
 15 19.4 8.8 13.7 24 0.8 53.2 0.198 81.7 0.286
 16 21.2 7.6 14.3 26 0.8 53.1 0.201 86.3 0.302
 17 21.4 7.7 13.8 26 0.9 53.9 0.200 85.6 0.300

Average 20.3 8.7 13.9 25 0.8 50.4 0.200 82.8 0.290
Total number of blows analyzed:  16

Time Summary
Drive 42 seconds 8:49:27 AM - 8:50:09 AM (9/2/2009)  BN 1 - 17

Page 1 of 1
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M9 (17.9' - 19.4' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009

NORTH ANNA 3 Project - BORING M9 (17.9' - 19.4' sample) Rig Serial No. MEC-425; CME 550 X (R.Landerous)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 23.40 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 20.0 8.1 14.4 24 0.5 1.9 0.198 83.6 0.293
 3 18.6 7.7 15.3 23 0.7 53.0 0.190 85.4 0.299
 4 16.3 8.5 15.4 20 0.6 53.3 0.189 81.7 0.286
 5 17.7 8.0 15.1 22 0.5 53.4 0.198 86.7 0.304
 6 17.1 8.0 15.4 21 0.5 53.6 0.194 83.0 0.291
 7 16.1 8.2 16.2 20 0.6 53.5 0.190 80.6 0.282
 8 17.6 8.1 15.1 21 0.7 54.1 0.184 81.9 0.286
 9 18.5 6.9 15.3 23 0.5 54.0 0.191 82.8 0.290

 10 17.5 7.5 15.8 21 0.5 53.7 0.187 81.5 0.285
 11 17.6 7.3 15.6 22 0.5 52.8 0.190 83.3 0.292
 12 16.3 8.1 16.3 20 0.6 53.2 0.184 83.1 0.291
 13 18.9 7.2 14.2 23 0.7 53.3 0.191 84.9 0.297
 14 18.6 6.9 15.2 23 0.5 52.6 0.195 88.4 0.310
 15 16.1 7.5 16.4 20 0.5 53.8 0.190 84.9 0.297
 16 18.5 7.1 15.0 23 0.5 53.1 0.193 84.5 0.296
 17 18.5 7.5 15.2 23 0.7 53.3 0.189 88.3 0.309
 18 18.4 6.3 14.9 22 0.5 53.5 0.188 86.9 0.304

Average 17.8 7.6 15.3 22 0.6 50.4 0.191 84.2 0.295
Total number of blows analyzed:  17

Time Summary
Drive 26 seconds 9:04:01 AM - 9:04:27 AM (9/2/2009)  BN 1 - 18

Page 1 of 1
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M9 (22.9' - 24.4' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009

NORTH ANNA 3 Project - BORING M9 (22.9' - 24.4' sample) Rig Serial No. MEC-05; CME 550 X (R.Landerous)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 28.40 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 18.8 10.5 14.8 23 0.6 1.9 0.218 86.1 0.301
 3 18.6 10.5 15.6 23 0.7 53.7 0.214 87.5 0.306
 4 17.7 8.8 14.6 22 0.6 53.8 0.214 86.4 0.302
 5 18.1 9.7 15.7 22 0.6 53.5 0.208 86.6 0.303
 6 17.7 9.4 14.5 22 0.6 53.4 0.215 84.7 0.296
 7 18.9 10.5 15.2 23 0.7 54.0 0.210 83.8 0.293
 8 18.5 10.5 15.0 23 0.7 54.0 0.203 82.8 0.290
 9 16.3 9.9 15.4 20 0.6 52.6 0.214 85.5 0.299

 10 18.2 8.7 14.2 22 0.6 54.0 0.210 84.8 0.297
 11 16.8 9.1 14.8 20 0.6 54.3 0.197 77.8 0.272
 12 17.8 7.9 15.1 22 0.7 53.2 0.199 83.8 0.293
 13 18.3 8.3 13.5 22 0.6 53.9 0.202 82.3 0.288
 14 18.2 7.6 14.5 22 0.7 52.9 0.199 84.3 0.295
 15 17.6 7.7 15.6 21 0.6 53.9 0.199 83.0 0.291
 16 16.4 7.4 14.8 20 0.6 53.0 0.205 84.1 0.294
 17 18.1 7.2 14.7 22 0.7 53.1 0.201 85.1 0.298
 18 17.9 6.7 13.7 22 0.6 53.4 0.205 84.6 0.296
 19 17.6 7.7 15.1 21 0.5 53.0 0.211 86.7 0.303
 20 15.9 7.2 15.4 19 0.6 53.8 0.200 83.4 0.292

Average 17.8 8.7 14.9 22 0.6 50.8 0.207 84.4 0.295
Total number of blows analyzed:  19

Time Summary
Drive 31 seconds 9:20:31 AM - 9:21:02 AM (9/2/2009)  BN 1 - 20
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M9 (27.8' - 29.3' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009

NORTH ANNA 3 Project - BORING M9 (27.8' - 29.3' sample) Rig Serial No. MEC-05; CME 550 X (R.Landerous)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 34.40 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 18.7 12.4 16.0 23 0.6 1.9 0.224 84.7 0.297
 3 20.1 11.5 14.6 24 0.8 53.8 0.222 83.9 0.294
 4 19.7 11.6 14.8 24 0.7 53.1 0.218 83.5 0.292
 5 17.1 10.5 15.3 21 0.6 54.3 0.209 82.2 0.288
 6 19.8 10.5 13.5 24 0.8 53.3 0.217 82.3 0.288
 7 16.2 10.5 15.3 20 0.6 53.4 0.213 89.4 0.313
 8 19.8 9.9 14.2 24 0.5 52.8 0.223 86.8 0.304
 9 19.9 9.3 13.8 24 0.8 53.8 0.218 84.4 0.296

 10 17.5 10.1 15.5 21 0.6 52.3 0.221 86.0 0.301
 11 19.1 10.7 14.4 23 0.5 54.3 0.218 85.9 0.301
 12 18.9 10.5 15.3 23 0.7 53.4 0.215 87.9 0.308
 13 19.3 10.1 14.6 24 0.5 53.4 0.217 88.4 0.309
 14 16.5 9.6 15.4 20 0.6 53.6 0.212 83.6 0.293
 15 16.4 8.9 15.4 20 0.6 53.1 0.213 82.6 0.289
 16 19.0 9.6 14.9 23 0.7 54.1 0.210 84.3 0.295
 17 16.9 9.7 15.1 21 0.6 53.7 0.212 83.8 0.293
 18 16.6 9.1 15.5 20 0.6 52.9 0.213 86.8 0.304
 19 19.3 9.3 14.7 24 0.7 53.2 0.213 88.3 0.309
 20 17.9 9.4 15.6 22 0.6 52.7 0.214 84.6 0.296

Average 18.4 10.2 14.9 22 0.6 50.7 0.216 85.2 0.298
Total number of blows analyzed:  19

Time Summary
Drive 44 seconds 9:36:26 AM - 9:37:10 AM (9/2/2009)  BN 1 - 21
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M9 (32.8' - 34.3' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.2 - Printed: 5-Oct-2009

NORTH ANNA 3 Project - BORING M9 (32.8' - 34.3' sample) Rig Serial No. MEC-05; CME 550 X (R.Landerous)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 38.30 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 18.0 10.9 14.3 22 0.8 1.9 0.222 79.0 0.276
 3 18.3 11.7 14.5 22 0.8 53.0 0.231 79.2 0.277
 4 19.9 11.3 14.3 24 1.0 54.0 0.230 79.6 0.278
 5 20.5 11.6 13.6 25 0.9 52.2 0.238 82.4 0.289
 6 19.9 11.9 13.5 24 0.9 53.2 0.241 82.7 0.289
 7 20.0 11.4 15.5 24 0.9 54.0 0.234 80.1 0.280
 8 18.3 11.3 14.7 22 0.9 53.1 0.240 80.9 0.283
 9 19.8 11.2 15.2 24 0.9 53.6 0.236 81.1 0.284

 10 20.3 10.9 14.0 25 1.0 54.2 0.235 78.2 0.274
 11 17.8 9.9 14.3 22 0.9 54.0 0.231 77.9 0.273
 12 19.9 10.0 14.5 24 1.0 53.0 0.235 80.9 0.283
 13 18.2 10.2 14.5 22 0.8 53.7 0.236 78.6 0.275
 14 19.4 10.6 13.9 24 0.9 53.0 0.231 79.2 0.277
 15 17.9 10.2 13.9 22 0.8 53.5 0.228 79.8 0.279
 16 20.0 10.8 14.2 24 1.0 52.6 0.238 81.7 0.286
 17 18.4 10.5 14.0 22 0.9 52.9 0.235 83.6 0.293
 18 17.7 9.6 13.4 22 0.8 54.3 0.231 78.8 0.276
 19 19.5 10.0 13.0 24 1.0 53.2 0.230 80.0 0.280
 20 18.7 8.9 12.9 23 0.8 53.6 0.229 78.5 0.275
 21 19.4 8.9 12.8 24 1.0 52.9 0.232 79.3 0.278
 22 18.4 9.8 13.0 22 0.8 53.4 0.228 79.2 0.277
 23 19.5 10.3 13.2 24 0.9 52.3 0.232 82.3 0.288

Average 19.1 10.5 14.0 23 0.9 51.0 0.233 80.1 0.280
Total number of blows analyzed:  22

Time Summary
Drive 36 seconds 9:50:03 AM - 9:50:39 AM (9/2/2009)  BN 1 - 23
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MACTEC Engineering and Consulting, Inc. PDI-CURVES - Printed: 11/16/2009

Project: NORTH ANNA 3
Pile: BORING M9(17.9-19.4) - Description: CME 550X(R.LANDEROUS)
Operator: JNH

BN 13
9/2/2009 9:04:21 AM
LP 0.00 ft
CSX 18.9 ksi
CSI 19.5 ksi
TSX 7.2 ksi
EMX 0.3 k-ft
STK 4.80 ft
FVP 0.75 []
SFR 3 kips
RX5 8 kips
RMX 6 kips

LE 23.40 ft
AR 1.22 in^2
EM 30,000.0 ksi
SP 0.492 k/ft3
WS 16,807.9 f/s
WC 16,807.9 f/s
JC 0.70 []
2L/c 2.78 ms
EA/c 2.2 ksec/ft
FR 5.000 kHz

50
kips

F

204.6 ms0.0 ms

23.0
f/s
V
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' MACTEC 
Engineering and constructing a better tomorrow 

November 16,2009 

From: Jon Honeycutt, Staff Professional £. C 

Reviewed By: Steve Kiser, Principal Professional gL 

Subject: Report of SPT Energy - MACTEC CME-45c Track 
Hammer Serial No. MEC-12 Automatic Hammer 
WORK INSTRUCTION No.8 (DCN:NAP-077) 
North Anna 3 Project 
Louisa County, Virginia 
MACTEC Project No. 6468-09-2473 

Jonathan Honeycutt, ofMACTEC Engineering and Consulting, Inc. (MACTEC), performed energy 
measurements on the drill rig at the subject site per the referenced Work Instructions. This 
memorandum summarizes the field testing activities and presents the results of the energy 
measurements. 

SPT Energy Field Measurements 

SPT energy measurements were made on September 2, 2009, during drilling of Baring M-8 at the 
referenced site. The testing was perfonned by Jonathan Honeycutt from approximately II :20 AM 
to 12:50 PM on September 2 under clear skies with a temperature of about 65 degrees Fahrenheit. 
The boring was drilled by MACTEC personnel using equipment from the :tv1ACTEC Raleigh 
office. The drilling equipment consisted of a CME 45c model track drill rig with an SPT 
automatic hammer. The drilling tools consisted of A W-J-sized drilling rods and a 2-foot long 
split-barrel sampler. Mud rotary drilling techniques were used to advance the boring at the time 
of energy testing. The drill rig operator during sampling was Mr. Donnie Rhodes. Energy 
measurements were recorded during sampling at the depth intervals shown in Table 1. 

The energy measurements :were perfonned with a Pile Driving Analyzer (PDA) model PAX 
(Serial No. 3622L), and calibrated accelerometers (Serial Nos . K983 and K0686) and strain gages 
(Serial Nos. A W#751l and A W#7512). A steel drill rod, 2 feet long and instrumented with 
dedicated strain gages, was inserted at the top of the drill rod string immediately below the SPT 
hammer. The inserted rod was also instrumented with two piezoresistive accelerometers that 
were bolted to the outside of the rod. The instrumented rod was two feet below the hammer 
impact point and had a cross-sectional area of approximately 1.22 square inches and an outside 
diameter of approximately 1.75 inches at the gage location. The drill rods included in the drill rod 
string were hollow rods in 5 to 10 foot long sections, with an outside and inside diameter of 
approximately 1.75 and 1.375 inches, respectively. The recommended operation rate of the 
hammer is not known. Due to the closed hammer system, the hammer lubrication condition and 
anvil dimensions could not be observed. 

18 Pages Total 

MACTEC Engineering and Consulting, Inc. 
2801 Yorkmont Road, Suite 100 • Charlotte, NC 28208 • Phone: 704.357.8600 

www.mcctec.com 



SPT Energy Measurements – North Anna 3 Project                                                           November 16, 2009 
MACTEC Project No. 6468-09-2473  Page 2 

 
Calibration Records 
 
The calibration records for all the above are filed in DCN NAP-223.   

Calculations for EFV 
 
The work was done in accordance with ASTM D 4633-05.  The strain and acceleration signals 
were converted to force and velocity by the PDA. The maximum energy transmitted to the drill 
rod string (EFV), as measured at the location of the strain gages and accelerometers, was 
calculated by the PDA using the equation shown below: 
 

EFV = � F(t) * V(t) * dt  
 
                        Where: EFV = Transferred energy (EFV equation), or Energy of FV 
                                    F(t) = Calculated force at time t 
                                    V(t) = Calculated velocity at time t 
                                     
As recommended by ASTM D4633-05, the force-velocity method of energy calculation was used. 
The equation shown above for calculating EFV, integrated over the complete wave event, 
measures the total energy content of the event using both force and velocity measurements. The 
EFV values associated with each blow analyzed are tabulated in the attached PDIPLOT tables 
and are also shown graphically in the PDIPLOT charts. 
 
Calculations for ETR 
 
The ratio of the measured transferred energy (EFV) to the theoretical potential energy of the SPT 
system (140 lb weight with the specified 30 inch fall) is the ETR.  The ETR values (as percent of 
the theoretical value) are shown in Table 1. 
  
Comparison of ETR to Typical Energy Transfer Ratio Range 
 
Based on a research report published by the Florida Department of Transportation (FDOT) 
(Report WPI No. 0510859, 1999), the average ETR measured for automatic hammers is 79.6%. 
The standard deviation was 7.9%; therefore, the range of ETRs within one standard deviation of 
the average was reported to be 71.7% to 87.5%. This range of ETRs was also consistent with 
other research that was cited in the FDOT research paper; however, maximum and minimum 
ETR values of up to 98% and 56%, respectively, were reported in the literature. The ETR values 
shown in Table 1 are generally within the range of typical values for automatic hammers as 
reported in the literature. 
 
Discussion 

Based on the field testing results, observations from the SPT energy measurements are 
summarized below: 
 

� The data obtained by the PDA are generally consistent between individual hammer 
blows and between the sample depths tested. In general, the first and last one (and 
sometimes two or more) hammer blow records recorded by the PDA produced poor 
quality data (which is relatively common) and, as such, the record(s) was(were) not 
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SPT Energy Measurements – North Anna 3 Project                                                           November 16, 2009 
MACTEC Project No. 6468-09-2473  Page 3 

used in the data reduction. This may result in more or less hammer blows evaluated 
for ETR than what is shown on the boring logs. 

 
� The average energy transferred from the hammer to the drill rods for each 

individual depth interval using the EFV method ranged from 292 foot-pounds to 
305 foot-pounds.  These average energy transfers correspond to energy transfer 
ratios (ETR) of 83.4% to 87.1% of the theoretical energy (350 foot-pounds) of the 
SPT hammer.   

 
� The average at each depth interval was calculated as the transferred energy for each 

analyzed blow of the depth intervals divided by the total number of hammer blows 
analyzed.  The overall average energy transfer of the SPT system (for all the depth 
intervals tested) was 297.1 foot-pounds, with an average ETR of 84.9%. 

 
 
Attachments: Page 4  Table 1 - Summary of SPT Energy Measurements – 1 Page 
  Pages 5 - 6  Work Instruction No. 8 DCN:NAP 077– 2 Pages (without attachments) 
  Page 7  Record of SPT Energy Measurement – 1 Page 
  Pages 8 – 17 PDIPLOT Output – 10 Pages 
  Page 18  Force-Velocity Plot – 1 Page 
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TABLEJ 
SUMMARY OF SPT ENERGY MEASUREMENTS (ASTM D4633-0S) 
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RMeasured Energy is energy based on the EFV method, as outlined in ASTM D4633-05, for each blow recorded by the PDA. In some cases, the initial and final 
one to two blows produced poor quality data, and were not used to calculate the Average Measured Energy. This may result in more or less blows evaluated for 
ETR than what is shown on the boring logs. 

EFV = EMX * 1000 Ibs/kip, where EMX equals the maximum transferred energy measured by the PDA (see attached PDA data). 
bEnergy Transfer Ratio is the Measured Energy divided by the theoretical SPT energy of350 foot-pounds (140 pound hamrr,er falling 2.5 feet). 
The average EFV and ETR values may differ slightly and insignificantly from those in the POIPLOT tables due to roundoff. 
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Work Instruction No.8 
North Anna 3 Project 

MACTEe Engineering and Consulting, Inc. 
Project Number: 6468-09-2473 

Issued To:. __ ",JQ"n"a",th",a"nuH",Q"n",e"y"cu"t",t.~S"te"v"e'"'Ki""'·s"'er'---___________________ ~Rev. No. 0 

Issued By: p, Steven Copley. P.E. Date; August 31. 2009 

Valid From: August 31. 2009 To: _~A"u"'gu"s"t .. 3-'-l.u2"O,,1"_Q ______ _ 

Task Description: Perform SPT Energy Measurements 

Applicable Technical Procedures or Plans, or other reference: 

1. Geotechnical Work Plan (complete copy of curre.nt revision available at Fidd Office), Section 4.2 and Attachment 2 
- Drilling and Sampling Procedures (attached) 

2. Engineering Specification for Subsurface Investigation and Laboratory Testing, No. 25161-500-3PS-CYOO-QOOOl, 
Rev. 000, Issued for use August 21. 2009, Section 3.3 Drilling Equipment (attached) 

3. ASTM D 4633-05 (attached) 

Specific Instructions (note attachments where necessary): Perfonn enef1,ry measurements for each drill rig on site in general 
accordance with ASTM D 4633..{)5. Consult with Site Manager as to schedule for performing the measurements. Hammer 
weights have been checked, and records will be available on site. All rigs are using automatic hammer systems. Confirm that 
automatic hammer system is being operated within manufacturer's recommendations or in a typical operating fashion as 
observed from watching one or two SPT measurements prior to measuring energy. Check each drill rig using all hammer/rod 
combinations that it will be using. Depths for measurements should be coordinated with the Site Manager. See Site Manager 
for current boring logs of holes drilled, if available, and use these to plan most effective field measurement program. Submit 
copies of calibration records for equipment to Principal Professional for review prior to beginning work 011 site. 

Confinn with Site Manager that approval of equipment calibration records bave been received prior to beginning field 
testing. I funexpected conditions are encountered that affect mea'surements, contact Site Manager or Principal Professional 
immediately. 

R eport Format: Prepare standard report in accordance with ASTM 04633-05 requirements. 

Specific Quality Assurance Procedures Applicable: 10CFR2l; NQAP 16-01 Procedure For Conforming To Federal 
Regulation 10CFR21; QAP 20-1; QAP 25~1; Section 306 of the Energy Reorganization Act of 1974. Current revisions 
apply; copies available in Field Office. 

Hold Points or Witness Poiuts: None 

Records: All records generated shall be considered QA Records. 

Page 1 of 15 
DeN NAP077 
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Reviewed and Approved By (Note: Only one signature required for issuance): 

Project Manager: ----:,----,0,------, ___ ---,--- --- Date: ______ --::-_____ _ 

Principal Professional: _..tP"--".-=.J-'--k'-"-'=----=G=+,I·:o::.~;,q7------- Date: _~8~·__'3~'~ • ....:O:::9~_ 
Site Manager: __________________ Dnte: _____ _______ _ 

No. of Pages: _~1..,5,-__ 

OAfron 24-1 Revised 8/1212009 

DCN: NAP077 

Page 2 of 15 
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PROJECT: 
LOCA110N: 

PROJECT NO.: 

"'''' WEATliER: 

""""""" DRlWHG COMPANY: 

BORING NUMBER: 
DEPTH DRILLED: 

TlMEDRl'IEH: 

RIG OPfRATOR: 
HAMMER OPEAATOR: 

PDA PAl( SERIAL NO.: 

NSTIl. ROD AAEA: 
ACCEL SERIAL NOS.' 
STRAIN SERIAL HOS.' 

.. '. 

":'; 
. , 

.. .. 

~MACTEC 
2801 YORKMONT ROAD. SUITE 100 a CHARLOTTE. NC 26206 

Telephone: (704) 357-8600 J Facsimile: (704) 357-8638 

RECORD OF SPT ENERGY MEASUREMENT 
GENERAL INFORMAnON 
North Anna 3 Pro eel 
V;-;-nia 

6468-09-2473 

Various 

W. 
3622L 

• .<. 

#/I:f 

DePTH ,.,.vAlUE 

""'" MODEl.! 

SERlALNO.: 
HAMMER TYPE: 

ROPE CONDmOH, NlA 
ROO sm;, AW.J 
NO. OF SHEAVES: N/A 

BORING DATA 

DRILL RIG DATA 

I-~-l-~-l--+~+--+-+--+-+--+-<-l-." 
... , .,., 

;)3. j. • .1,,;) /Q . ,.1_ ". 

J8·'t~< •. ) q. _(. - 1/ , 

,.:;.7--7<'. ~. +" 'i' 
38·+~1iO . .:2. 5'8 - tf 

~3:-7 - 'I,. r:S-rrel' 

REMARKS: Testing periomled in ac:cordance willi 
ASTM 0 4633-05 

Reviewed By: 



Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-8 (23.7' - 25.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-8 (23.7' - 25.2' sample) Rig Serial No. MEC-12; CME-45c Track (D. RHODES)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 29.20 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 19.2 12.6 14.0 23 0.8 1.9 0.291 94.2 0.330
 3 20.8 12.6 14.0 25 0.8 58.1 0.277 82.2 0.288
 4 19.0 10.1 12.6 23 0.8 56.8 0.273 83.3 0.291
 5 19.6 11.4 14.0 24 0.8 56.7 0.267 81.1 0.284
 6 20.0 11.6 14.3 24 0.8 56.3 0.267 80.8 0.283
 7 20.3 10.5 13.4 25 0.9 56.2 0.272 82.8 0.290
 8 20.0 9.8 13.5 24 0.8 56.3 0.272 83.0 0.290
 9 18.8 8.9 12.6 23 0.8 56.3 0.268 81.5 0.285

 10 19.6 9.3 13.3 24 0.8 56.3 0.270 80.9 0.283
 11 19.6 11.0 14.2 24 0.8 56.2 0.266 82.0 0.287
 12 18.7 10.6 13.6 23 0.8 56.4 0.267 80.9 0.283
 13 19.9 8.7 13.7 24 0.8 56.4 0.266 81.1 0.284
 14 18.2 9.7 13.7 22 0.7 56.4 0.264 82.1 0.287
 15 19.9 8.6 13.7 24 0.8 56.3 0.267 79.8 0.279
 16 20.0 8.6 14.0 24 0.8 56.4 0.270 81.4 0.285
 17 19.8 8.3 14.2 24 0.8 56.3 0.266 86.4 0.302
 18 18.4 8.0 12.5 22 0.8 56.5 0.266 82.4 0.289
 19 17.5 8.3 12.6 21 0.8 56.3 0.270 81.5 0.285
 20 17.9 8.4 12.9 22 0.8 56.4 0.264 82.6 0.289
 21 18.9 8.7 13.9 23 0.8 56.3 0.268 80.5 0.282
 22 19.7 9.0 13.9 24 0.8 56.4 0.265 85.4 0.299
 23 19.9 9.0 14.4 24 0.8 56.5 0.263 83.5 0.292
 24 20.1 9.4 14.6 24 0.8 56.4 0.266 81.7 0.286
 25 19.4 8.6 13.3 24 0.8 56.4 0.269 82.3 0.288
 26 19.4 8.8 14.0 24 0.8 56.5 0.263 80.4 0.281
 27 17.7 8.5 12.8 22 0.8 56.1 0.272 81.5 0.285
 28 19.9 8.4 14.1 24 0.8 56.5 0.268 82.7 0.289
 29 19.8 8.7 14.1 24 0.8 56.2 0.267 83.9 0.294
 30 19.9 8.4 14.4 24 0.8 56.5 0.266 84.6 0.296
 31 20.0 8.2 14.2 24 0.8 56.4 0.270 83.0 0.291
 32 18.3 8.4 13.4 22 0.8 56.5 0.265 83.4 0.292
 33 20.2 8.3 14.7 25 0.8 56.3 0.267 86.5 0.303
 34 19.2 8.1 13.0 23 0.8 56.4 0.268 83.1 0.291
 35 19.5 7.8 13.9 24 0.8 56.3 0.266 87.1 0.305
 36 20.3 8.3 14.7 25 0.8 56.4 0.268 85.8 0.300
 37 19.9 7.6 13.9 24 0.8 56.4 0.272 84.6 0.296
 38 19.9 7.3 14.9 24 0.8 56.3 0.265 86.8 0.304
 39 19.1 8.9 14.1 23 0.8 56.4 0.271 84.0 0.294
 40 19.0 8.0 13.9 23 0.8 56.5 0.268 82.4 0.289
 41 19.4 8.7 14.2 24 0.8 56.2 0.268 85.7 0.300
 42 20.3 8.4 14.7 25 0.8 56.5 0.271 87.2 0.305
 43 20.1 8.2 14.3 25 0.8 56.4 0.274 85.5 0.299
 44 18.0 7.4 13.8 22 0.7 56.4 0.264 85.2 0.298
 45 18.9 7.0 13.4 23 0.8 56.3 0.277 85.5 0.299
 46 19.3 7.1 14.0 24 0.8 56.4 0.272 84.2 0.295
 47 19.0 7.1 13.7 23 0.8 56.2 0.271 84.1 0.294
 48 17.6 6.8 13.4 21 0.7 56.3 0.268 83.9 0.294
 49 19.1 7.2 14.8 23 0.7 56.2 0.267 86.4 0.302
 50 17.9 6.2 12.8 22 0.8 56.4 0.273 86.8 0.304
 51 19.0 6.9 13.5 23 0.8 56.6 0.273 86.9 0.304
 52 20.0 7.6 14.5 24 0.8 56.4 0.272 88.5 0.310
 53 18.2 6.4 13.3 22 0.8 56.6 0.268 86.2 0.302

Average 19.3 8.7 13.8 24 0.8 55.4 0.269 83.8 0.293
Total number of blows analyzed:  52

Time Summary
Drive 1 minute 25 seconds 11:23:35 AM - 11:25:00 AM (9/2/2009)  BN 1 - 53
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-8 (28.7' - 30.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-8 (28.7' - 30.2' sample) Rig Serial No. MEC-12; CME-45c Track (D.Rhodes)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 34.20 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 18.9 16.2 14.3 23 0.8 1.9 0.274 82.9 0.290
 3 18.8 14.3 14.1 23 0.8 56.2 0.273 86.0 0.301
 4 20.1 13.3 15.7 25 0.7 56.6 0.272 84.8 0.297
 5 19.5 14.2 15.7 24 0.7 56.5 0.263 84.2 0.295
 6 17.4 12.3 13.9 21 0.7 56.1 0.263 84.4 0.295
 7 17.1 11.9 13.8 21 0.7 56.5 0.259 85.3 0.299
 8 19.7 13.3 15.2 24 0.7 56.5 0.267 84.3 0.295
 9 19.8 12.7 15.4 24 0.7 56.3 0.268 84.1 0.295

 10 19.3 12.4 15.1 24 0.7 56.4 0.258 82.4 0.288
 11 17.2 11.2 12.9 21 0.8 56.2 0.259 83.4 0.292
 12 17.9 10.7 13.8 22 0.7 56.3 0.261 81.0 0.284
 13 18.3 10.7 13.7 22 0.7 56.2 0.260 80.8 0.283
 14 19.0 8.7 14.7 23 0.7 56.0 0.256 82.2 0.288
 15 18.7 9.8 14.8 23 0.7 56.3 0.258 81.2 0.284
 16 18.9 9.6 13.9 23 0.8 56.2 0.255 83.3 0.292
 17 18.4 9.4 14.3 22 0.7 56.2 0.256 82.5 0.289
 18 17.3 9.1 13.9 21 0.7 56.4 0.254 80.9 0.283
 19 16.6 9.0 13.4 20 0.7 56.4 0.255 82.8 0.290
 20 18.2 9.4 13.6 22 0.8 56.2 0.256 84.4 0.295
 21 17.3 7.7 12.8 21 0.7 56.3 0.259 84.8 0.297
 22 19.2 7.3 15.6 23 0.7 56.1 0.254 82.9 0.290

Average 18.5 11.1 14.3 23 0.7 53.7 0.261 83.3 0.292
Total number of blows analyzed:  21

Time Summary
Drive 35 seconds 11:47:18 AM - 11:47:53 AM (9/2/2009)  BN 1 - 22
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-8 (33.7' - 35.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-8 (33.7' - 35.2' sample) Rig Serial No. MEC-12; CME-45c Track (D.Rhodes)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 39.20 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 20.2 15.8 15.8 25 0.7 1.9 0.262 84.7 0.296
 3 19.8 15.4 14.5 24 0.8 56.2 0.267 83.9 0.294
 4 18.1 14.7 13.7 22 0.8 56.4 0.268 85.2 0.298
 5 19.0 13.2 13.6 23 0.8 56.1 0.266 83.8 0.293
 6 19.2 12.8 14.2 23 0.8 56.2 0.261 82.6 0.289
 7 18.9 12.0 13.5 23 0.8 56.7 0.260 83.2 0.291
 8 19.7 13.1 15.0 24 0.7 56.6 0.262 84.5 0.296
 9 19.6 13.2 15.1 24 0.7 56.2 0.260 83.6 0.293

 10 18.4 11.7 13.6 23 0.8 56.2 0.257 83.9 0.294
 11 19.0 12.9 14.7 23 0.7 56.1 0.260 83.4 0.292
 12 19.2 12.8 14.9 23 0.7 56.3 0.259 83.9 0.294
 13 17.3 12.2 12.9 21 0.7 56.3 0.261 83.2 0.291
 14 18.5 10.6 14.8 23 0.7 56.3 0.256 85.9 0.301
 15 18.3 10.6 13.9 22 0.7 56.0 0.257 83.4 0.292
 16 17.4 10.8 13.7 21 0.7 56.4 0.255 83.0 0.291
 17 18.5 11.2 15.1 23 0.7 56.3 0.252 83.7 0.293
 18 17.9 10.7 14.6 22 0.7 56.0 0.253 82.3 0.288
 19 16.4 11.0 12.7 20 0.7 56.5 0.262 84.3 0.295

Average 18.6 12.5 14.2 23 0.7 53.3 0.260 83.8 0.293
Total number of blows analyzed:  18

Time Summary
Drive 4 minutes 56 seconds 11:55:59 AM - 12:00:55 PM (9/2/2009)  BN 1 - 20
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-8 (38.7' - 40.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-8 (38.7' - 40.2' sample) Rig Serial No. MEC-12; CME-45c Track (D. Rhodes)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 44.20 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 17.6 14.6 15.9 22 0.6 1.9 0.274 86.6 0.303
 3 18.3 14.8 15.3 22 0.5 56.1 0.274 88.2 0.309
 4 18.1 14.7 15.2 22 0.5 56.7 0.269 88.4 0.309
 5 17.2 13.1 16.7 21 0.6 56.5 0.258 84.7 0.297
 6 18.6 14.1 15.0 23 0.7 56.7 0.260 84.6 0.296
 7 17.1 11.5 16.0 21 0.5 56.4 0.255 87.2 0.305
 8 18.0 13.3 16.1 22 0.6 56.3 0.258 85.7 0.300
 9 15.7 11.8 16.7 19 0.5 56.5 0.253 84.4 0.295

 10 15.8 11.0 16.7 19 0.5 56.3 0.257 85.5 0.299
 11 16.7 10.8 16.7 20 0.6 56.6 0.253 86.5 0.303
 12 18.1 10.1 14.8 22 0.7 56.3 0.257 85.5 0.299
 13 17.7 10.3 14.9 22 0.7 56.2 0.253 86.5 0.303
 14 17.3 10.0 15.4 21 0.5 56.4 0.257 85.7 0.300
 15 15.6 9.2 16.9 19 0.5 56.3 0.251 84.9 0.297
 16 17.8 9.6 15.7 22 0.6 56.3 0.248 84.7 0.296
 17 17.9 10.2 14.2 22 0.5 56.4 0.252 85.4 0.299
 18 17.1 9.8 15.5 21 0.5 56.3 0.253 84.5 0.296
 19 15.7 9.9 16.2 19 0.5 56.3 0.250 83.9 0.294
 20 17.8 7.4 15.7 22 0.6 56.4 0.247 84.9 0.297
 21 17.8 7.8 14.9 22 0.7 56.4 0.250 85.9 0.301
 22 18.0 6.8 14.3 22 0.5 56.3 0.250 86.7 0.303
 23 16.5 5.6 16.5 20 0.5 56.4 0.248 87.7 0.307
 24 18.1 4.9 15.5 22 0.6 56.3 0.247 84.1 0.294
 25 15.4 5.1 16.6 19 0.5 56.3 0.247 87.2 0.305

Average 17.2 10.3 15.7 21 0.6 54.1 0.255 85.8 0.300
Total number of blows analyzed:  24

Time Summary
Drive 4 minutes 22 seconds 12:10:11 PM - 12:14:33 PM (9/2/2009)  BN 1 - 26
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-8 (43.7' - 45.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-8 (43.7' - 45.2' sample) Rig Serial No. MEC-12; CME-45c Track (D. Rhodes)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 49.20 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 19.1 15.5 16.3 23 0.7 1.9 0.254 85.2 0.298
 3 18.3 12.9 14.7 22 0.7 56.4 0.268 87.9 0.308
 4 19.1 11.7 15.4 23 0.7 56.5 0.261 86.4 0.302
 5 17.9 14.1 13.5 22 0.8 56.5 0.260 86.0 0.301
 6 19.2 11.5 15.8 23 0.7 56.3 0.261 85.9 0.301
 7 18.5 11.1 14.4 23 0.7 56.6 0.262 85.2 0.298
 8 17.8 12.6 13.2 22 0.7 56.3 0.261 86.4 0.302
 9 18.6 10.9 15.1 23 0.7 56.3 0.259 87.0 0.305

 10 17.0 12.6 13.3 21 0.7 56.7 0.258 86.3 0.302
 11 19.1 11.9 15.7 23 0.7 56.3 0.258 84.8 0.297
 12 19.1 11.9 15.9 23 0.7 56.6 0.259 84.6 0.296
 13 18.1 12.3 13.5 22 0.7 56.2 0.261 86.1 0.301
 14 19.0 10.2 15.7 23 0.7 56.6 0.261 85.9 0.301
 15 18.7 12.2 14.6 23 0.7 56.6 0.256 84.7 0.296
 16 17.5 12.0 13.4 21 0.7 56.4 0.261 88.3 0.309
 17 17.8 11.0 13.8 22 0.7 56.6 0.264 85.9 0.301
 18 18.0 11.9 13.5 22 0.7 56.7 0.264 85.8 0.300
 19 19.4 10.2 16.1 24 0.7 56.6 0.264 86.8 0.304
 20 18.6 11.7 14.2 23 0.7 56.5 0.266 85.9 0.301
 21 18.8 11.8 14.4 23 0.7 56.5 0.263 86.0 0.301
 22 19.4 10.3 16.4 24 0.7 56.7 0.265 87.8 0.307
 23 19.2 11.6 15.4 23 0.7 56.5 0.261 85.8 0.300
 24 18.8 11.4 14.7 23 0.7 56.5 0.260 88.7 0.310
 25 18.2 10.5 15.0 22 0.7 56.7 0.262 89.1 0.312
 26 19.1 11.0 15.6 23 0.7 56.4 0.262 86.7 0.304
 27 19.6 10.6 16.6 24 0.7 56.7 0.265 88.6 0.310
 28 19.4 10.9 16.0 24 0.7 56.7 0.258 87.0 0.305
 29 19.6 10.5 16.3 24 0.7 56.4 0.265 86.8 0.304
 30 18.9 10.3 15.1 23 0.7 56.7 0.269 88.8 0.311
 31 19.2 9.1 15.8 23 0.7 56.5 0.261 87.8 0.307
 32 19.2 9.0 15.8 23 0.7 56.7 0.262 85.9 0.301
 33 19.1 9.1 15.3 23 0.7 56.6 0.263 88.6 0.310
 34 19.2 9.6 15.5 23 0.7 56.6 0.264 90.4 0.317
 35 19.8 8.8 15.8 24 0.7 56.4 0.260 87.0 0.305
 36 18.3 8.5 14.5 22 0.7 56.7 0.261 88.4 0.309
 37 19.7 9.4 16.3 24 0.7 56.5 0.265 90.8 0.318
 38 19.8 8.1 15.7 24 0.7 56.8 0.263 90.1 0.315
 39 20.1 8.7 16.3 25 0.7 56.1 0.262 88.6 0.310
 40 19.4 8.9 15.8 24 0.7 56.8 0.263 87.2 0.305
 41 18.9 7.4 14.1 23 0.8 56.5 0.259 88.4 0.310
 42 18.7 6.9 13.5 23 0.8 56.2 0.265 88.3 0.309

Average 18.9 10.7 15.1 23 0.7 55.2 0.262 87.1 0.305
Total number of blows analyzed:  41

Time Summary
Drive 1 minute 47 seconds 12:24:49 PM - 12:26:36 PM (9/2/2009)  BN 1 - 42
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MACTEC Engineering and Consulting, Inc. PDI-CURVES - Printed: 11/16/2009

Project: NORTH ANNA 3
Pile: BORING M8 (28.7-30.2) - Description: CME 45C TRACK(D. RHODES)
Operator: JNH

BN 11
9/2/2009 11:47:41 AM
LP 0.00 ft
CSX 17.2 ksi
CSI 18.0 ksi
TSX 11.2 ksi
EMX 0.3 k-ft
STK 4.28 ft
FVP 0.75 []
SFR 0 kips
RX5 4 kips
RMX 3 kips

LE 34.20 ft
AR 1.22 in^2
EM 30,000.0 ksi
SP 0.492 k/ft3
WS 16,807.9 f/s
WC 16,807.9 f/s
JC 0.70 []
2L/c 4.07 ms
EA/c 2.2 ksec/ft
FR 5.000 kHz

50
kips

F

204.6 ms0.0 ms

23.0
f/s
V
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6 MACTEC 
Engineering and constructing a better tomorrow 

November 16, 2009 

From: Jon Honeycutt, Staff Professional J C 
Reviewed By: Steve Kiser, Principal Professional CJL< 
Subject: Report of SPT Energy - MACTEC CME 55 Track (RAL) 

Hammer Serial No. MEC~21 Automatic Hammer 
WORK INSTRUCTION No.8 (DCN:NAP-077) 
North Anna 3 Project 
Louisa County, Virginia 
MACTEC Project No. 6468-09-2473 

Jonathan Honeycutt, ofMACIEC Engineering and Consulting, Inc. (MACTEC). performed energy 
measurements on the drill rig at the subject site per the referenced Work Instructions. This 
memorandum summarizes the field testing activities and presents the results of the energy 
measurements. 

SPT Energy Field Measurements 

SPT energy measurements were made on September 1, 2009, during drilling of Boring M-
30(OH) at the referenced site. The testing was performed by Jonathan Honeycutt from 
approximately 4:05 PM to 4:45 PM on September 1 under clear skies with a temperature of about 
75 degrees Fahrenheit The boring was drilled by MACTEC personnel using equipment from the 
MACI'EC Raleigh office. The drilling equipment consisted of a CME 55 model track drill rig 
with an SPT automatic hammer. The drilling tools consisted of A W~J-sized drilling rods and a 2-
foot long split~baITel sampler. Mud rotary drilling techniques were used to advance the boring at 
the time of energy testing. The drill rig operator during sampling was Mr. Thomas Hahn. Energy 
measurements were recorded during sampling at the depth intervals shown in Table I. 

The energy measurements were performed with a Pile Driving Analyzer (PDA) model PAX 
(Serial No. 3622L), and calibrated accelerometers (Serial Nos. K983 and K0686) and strain gages 
(Serial Nos. A W#75/ t and A W#75a). A steel drill rod., 2 feet long and instrumented with 
dedicated strain gages, was inserted at the top of the drill rod string immediately below the SPT 
hammer. The inserted rod was also instrumented with two piezoresistive accelerometers that 
were bolted to the outside of the rod. The instrumented rod insert had a cross-sectional area of 
approximately 1.22 square inches and an outside diameter of approximately 1.75 inches at the 
gage location. The drill rods included in the drill rod string were hollow rods in 5 to 10 foot long 
sections, with an outside and inside diameter of approximately 1.75 and 1.375 inches, 
respectively. The recommended operation rate of the hammer is not known. Due to the closed 
hammer system, the hammer lubrication condition and anvil dimensions could not be observed. 

18 Pages Total 
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SPT Energy Measurements – North Anna 3 Project                                                           November 16, 2009 
MACTEC Project No. 6468-09-2473  Page 2 

Calibration Records 
 
The calibration records for all the above are filed in DCN NAP-223.   

Calculations for EFV 
 
The work was done in accordance with ASTM D 4633-05.  The strain and acceleration signals 
were converted to force and velocity by the PDA. The maximum energy transmitted to the drill 
rod string (EFV), as measured at the location of the strain gages and accelerometers, was 
calculated by the PDA using the equation shown below: 
 

EFV = � F(t) * V(t) * dt  
 
                        Where: EFV = Transferred energy (EFV equation), or Energy of FV 
                                    F(t) = Calculated force at time t 
                                    V(t) = Calculated velocity at time t 
                                     
As recommended by ASTM D4633-05, the force-velocity method of energy calculation was used. 
The equation shown above for calculating EFV, integrated over the complete wave event, 
measures the total energy content of the event using both force and velocity measurements. The 
EFV values associated with each blow analyzed are tabulated in the attached PDIPLOT tables 
and are also shown graphically in the PDIPLOT charts. 
 
Calculations for ETR 
 
The ratio of the measured transferred energy (EFV) to the theoretical potential energy of the SPT 
system (140 lb weight with the specified 30 inch fall) is the ETR.  The ETR values (as percent of 
the theoretical value) are shown in Table 1. 
  
Comparison of ETR to Typical Energy Transfer Ratio Range 
 
Based on a research report published by the Florida Department of Transportation (FDOT) 
(Report WPI No. 0510859, 1999), the average ETR measured for automatic hammers is 79.6%. 
The standard deviation was 7.9%; therefore, the range of ETRs within one standard deviation of 
the average was reported to be 71.7% to 87.5%. This range of ETRs was also consistent with 
other research that was cited in the FDOT research paper; however, maximum and minimum 
ETR values of up to 98% and 56%, respectively, were reported in the literature. The ETR values 
shown in Table 1 are generally within the range of typical values for automatic hammers as 
reported in the literature. 
 
Discussion 

Based on the field testing results, observations from the SPT energy measurements are 
summarized below: 
 

� The data obtained by the PDA are generally consistent between individual hammer 
blows and between the sample depths tested. In general, the first and last one (and 
sometimes two or more) hammer blow records recorded by the PDA produced poor 
quality data (which is relatively common) and, as such, the record(s) was(were) not 
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used in the data reduction. This may result in more or less hammer blows evaluated 
for ETR than what is shown on the boring logs. 

 
� The average energy transferred from the hammer to the drill rods for each 

individual depth interval using the EFV method ranged from 302 foot-pounds to 
317 foot-pounds.  These average energy transfers correspond to energy transfer 
ratios (ETR) of 86.3% to 90.6% of the theoretical energy (350 foot-pounds) of the 
SPT hammer.   

 
� The average at each depth interval was calculated as the transferred energy for each 

analyzed blow of the depth intervals divided by the total number of hammer blows 
analyzed.  The overall average energy transfer of the SPT system (for all the depth 
intervals tested) was 306.1 foot-pounds, with an average ETR of 87.4%. 

 
 
Attachments: Page 4  Table 1 - Summary of SPT Energy Measurements – 1 Page 
  Page 5 - 6  Work Instruction No. 8 DCN:NAP 077– 2 Pages (without attachments) 
  Pages 7  Record of SPT Energy Measurement – 1 Page 
  Pages 8 – 17 PDIPLOT Output – 10 Pages 
  Page 18  Force-Velocity Plot – 1 Page 
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TABLEl 
SUMMARY OF SPT ENERGY MEASUREMENTS (ASTM D4633-05) 

North Anna 3 Project 
Louisa County, Virgi nia 

MACTEC Project No. 6468-09-2473 

~ C-'C 0 0 
0 0 ~ :0 _ - -~ ~ 'C ~ -0 -~ .... - ~ . " ~ '8 - o • .; '" 0._ .... 0 Z 0: '" U .~ 0 

" - FE -a . " 'E • o • '" - 0 '" 8 '" '" 0 

'" • t <n 
<n 

11.1 - 12.6 4-6-6 
13.7 - 15.2 4-7-7 M-30 Thomas Hahn 9/112009 

(DH) 
AW-J 18.7 - 20.2 6-7-6 

23.7 - 25.2 7 -8 -10 
28.7 - 30.2 11 -14 - 15 

'C o .; 
" ~ 
~ 
0 ;; 
~ 
0 
.; 
Z 

16 
19 
19 
25 
40 

Averaee for Rie: 

'C~ 0 "'-01 ~ ~'" o 0 · '" ~ ~ .. ~ 0 
o • - " " ~ t ! • " • > - • 0 ~ -< ..!. • > ,,- ~ 

~.,S . -
~ ~ · --< ~ o ~ • • 

'" ",-

304 86.9% 
302 86.3% 
317 90.6% 
307 87.7% 
303 86.6% 

306.1 87.4% 

IMeasured Energy is energy based on the EFV method, as outlined in ASTM 04633-05, for each blow recorded by the PDA. In some cases, the initial and final 
one to two blows produced poor quality data, and were not used to calculate the Average Measured Energy. This. may result in more or less blows evaluated for 
ETR than what is shown on the boring logs. 
EFV = EMX • 1000 Ibs/kip. where EMX equals the maximum transferred energy measured by the PDA (see attached PDA data). 
bEnergy Transfer Ratio is the Measured Energy divided by the theoretical SPT energy of350 foot-pounds (140 pound hammer falling 2.5 feet). 
The average EFV and ETR values may differ slightly and insignificantly from those in the PDIPLOT tables due to roundoff. 
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Work Instruction No.8 
North Anna 3 Project 

MACTEe Engineering and Consulting, Inc. 
Project Number: 6468-09-2473 

Issued To:. __ ",JQ"n"a",th",a"nuH",Q"n",e"y"cu"t",t.~S"te"v"e'"'Ki""'·s"'er'---___________________ ~Rev. No. 0 

Issued By: p, Steven Copley. P.E. Date; August 31. 2009 

Valid From: August 31. 2009 To: _~A"u"'gu"s"t .. 3-'-l.u2"O,,1"_Q ______ _ 

Task Description: Perform SPT Energy Measurements 

Applicable Technical Procedures or Plans, or other reference: 

1. Geotechnical Work Plan (complete copy of curre.nt revision available at Fidd Office), Section 4.2 and Attachment 2 
- Drilling and Sampling Procedures (attached) 

2. Engineering Specification for Subsurface Investigation and Laboratory Testing, No. 25161-500-3PS-CYOO-QOOOl, 
Rev. 000, Issued for use August 21. 2009, Section 3.3 Drilling Equipment (attached) 

3. ASTM D 4633-05 (attached) 

Specific Instructions (note attachments where necessary): Perfonn enef1,ry measurements for each drill rig on site in general 
accordance with ASTM D 4633..{)5. Consult with Site Manager as to schedule for performing the measurements. Hammer 
weights have been checked, and records will be available on site. All rigs are using automatic hammer systems. Confirm that 
automatic hammer system is being operated within manufacturer's recommendations or in a typical operating fashion as 
observed from watching one or two SPT measurements prior to measuring energy. Check each drill rig using all hammer/rod 
combinations that it will be using. Depths for measurements should be coordinated with the Site Manager. See Site Manager 
for current boring logs of holes drilled, if available, and use these to plan most effective field measurement program. Submit 
copies of calibration records for equipment to Principal Professional for review prior to beginning work 011 site. 

Confinn with Site Manager that approval of equipment calibration records bave been received prior to beginning field 
testing. I funexpected conditions are encountered that affect mea'surements, contact Site Manager or Principal Professional 
immediately. 

R eport Format: Prepare standard report in accordance with ASTM 04633-05 requirements. 

Specific Quality Assurance Procedures Applicable: 10CFR2l; NQAP 16-01 Procedure For Conforming To Federal 
Regulation 10CFR21; QAP 20-1; QAP 25~1; Section 306 of the Energy Reorganization Act of 1974. Current revisions 
apply; copies available in Field Office. 

Hold Points or Witness Poiuts: None 

Records: All records generated shall be considered QA Records. 

Page 1 of 15 
DeN NAP077 
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Reviewed and Approved By (Note: Only one signature required for issuance): 

Project Manager: ----:,----,0,------, ___ ---,--- --- Date: ______ --::-_____ _ 

Principal Professional: _..tP"--".-=.J-'--k'-"-'=----=G=+,I·:o::.~;,q7------- Date: _~8~·__'3~'~ • ....:O:::9~_ 
Site Manager: __________________ Dnte: _____ _______ _ 

No. of Pages: _~1..,5,-__ 

OAfron 24-1 Revised 8/1212009 

DCN: NAP077 
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PROJeCT: 

LOCATION: 

PROJECT tiO.: 

DATE: 

WEATHER: 

INSPCCTOR, 

ORI LU NG COMPANY: 

BORING NUMBER: 

OEPTH DRILLED: 

TIME DRIVEN: 

RIG OPERATOR: 

HAMMER OPERATOR: 

POA PAK SERIAL NO.! • 

INSTR. ROO AREA: 

ACC EL SERIAL NOS.: 
STRAIN SERIAL NOS.: 

• , 

• . 

REMARKS: 

6 MACTEC 
2801 YORKMONT ROAD, SUITE 100 0 CHARLOnE. NC 28208 

Telephone : (704) 357-8500 I Facsimile: (704) 357-8638 

RECORD QF SPT ENERGY MEASUREMENT 
GENERAl INFORMATION DRilL RIG DATA 
North Anna 3 Pro ect MAKE, e M 
Virginia MODEL: ~ <l 
6468-09-2473 SERIAL NO.: _ .2 I 

q I I 12,..., '''' HAMMER TYPE: ... 
..5 , ,;:>r-C> ~ ROPE COHDmON: N1A 

=" ADO Blze, AW-J 

MACTEC· 'R~ IE'<" NO. OF SHEAVES, N/A 

BORING DATA 
,0/1- 3C> ('0 ", ) 

Various , 
4 : - 4 ,',,-
?-: II", i-I Ai 

N/A 
3622L 

1. 2:2.;,,"'-
' 141"", ,,3.' ;//:1 -"oUb , 

7<"""'<"> _ I / .? 

..... '" "" D",", N-VAlUE 

''''' I''''' 
I II .I_ ''>' . /" 't ' {,- b 

/J, 1--1>' ;] If- ... -'7 

1:1, '7 -2/) ,;) /,- ?- (, 

;!7 .7J- -J1', 17 -&' - 10 

:l~ , 7- ." , . II -I 'T'/~-

Testing performed In acoordance with 
ASTM D 4633-05 

Reviewed By: 

, 

,: . 



Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-30(DH)  (11.1' - 12.6' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-30(DH)  (11.1' - 12.6' sample) Rig Serial No. MEC-21; CME 55 (T.Hahn)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 16.60 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 21.6 14.9 16.3 26 0.8 1.9 0.251 81.8 0.286
 3 20.5 12.4 15.9 25 0.8 60.2 0.246 84.7 0.297
 4 21.2 11.9 15.4 26 0.9 58.4 0.243 90.0 0.315
 5 21.1 9.5 14.6 26 0.9 58.7 0.244 90.8 0.318
 6 19.3 9.9 15.2 24 0.8 58.6 0.242 91.3 0.320
 7 20.6 7.9 13.6 25 0.9 58.6 0.236 85.1 0.298
 8 20.9 8.2 13.9 25 0.9 58.8 0.235 89.6 0.314
 9 20.8 8.5 13.5 25 0.9 58.5 0.234 88.5 0.310

 10 20.4 8.3 13.8 25 0.8 58.9 0.233 84.4 0.295
 11 21.0 8.6 13.9 26 0.8 58.7 0.234 85.7 0.300
 12 19.3 8.2 13.7 24 0.8 58.9 0.235 87.3 0.306
 13 18.0 9.0 13.8 22 0.8 58.6 0.235 87.3 0.306
 14 20.2 8.6 13.9 25 0.8 58.9 0.228 85.3 0.298
 15 18.7 8.8 14.0 23 0.8 58.4 0.235 88.9 0.311
 16 19.7 8.5 14.0 24 0.8 58.8 0.231 86.2 0.302
 17 20.7 7.8 14.2 25 0.8 58.9 0.230 83.2 0.291

Average 20.3 9.5 14.4 25 0.8 55.2 0.237 86.9 0.304
Total number of blows analyzed:  16

Time Summary
Drive 1 minute 44 seconds 3:54:35 PM - 3:56:19 PM (9/1/2009)  BN 1 - 18
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Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-30(DH)  (13.7' - 15.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-30(DH)  (13.7' - 15.2' sample) Rig Serial No. MEC-21; CME 55 (T.Hahn)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 19.20 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 20.4 15.7 16.4 25 0.8 1.9 0.273 87.4 0.306
 3 21.3 12.2 15.6 26 0.8 59.1 0.257 91.2 0.319
 4 19.4 12.0 14.7 24 0.8 58.1 0.265 91.5 0.320
 5 19.9 10.7 14.5 24 0.8 58.6 0.264 89.9 0.315
 6 21.5 11.9 14.5 26 0.9 58.4 0.261 86.3 0.302
 7 21.6 11.4 14.8 26 0.9 58.5 0.260 88.2 0.309
 8 18.9 11.1 13.6 23 0.8 58.5 0.257 86.3 0.302
 9 21.1 11.0 14.6 26 0.9 58.6 0.251 82.6 0.289

 10 21.5 9.6 14.1 26 1.0 58.3 0.261 85.7 0.300
 11 20.1 10.9 14.2 25 0.8 58.5 0.260 86.2 0.302
 12 21.3 8.8 15.1 26 0.9 58.6 0.252 86.3 0.302
 13 19.7 9.9 15.0 24 0.9 58.5 0.247 81.7 0.286
 14 19.2 10.1 15.1 23 0.8 58.4 0.250 84.5 0.296
 15 21.3 9.9 13.9 26 1.0 58.4 0.253 86.4 0.302
 16 19.3 10.0 14.8 24 0.8 58.7 0.253 84.1 0.294
 17 21.0 10.1 14.2 26 0.8 58.5 0.255 88.0 0.308
 18 21.2 8.7 13.9 26 0.9 58.4 0.250 87.2 0.305
 19 21.2 8.7 13.7 26 0.9 58.3 0.253 86.9 0.304
 20 20.7 8.2 14.0 25 0.8 58.6 0.253 81.5 0.285

Average 20.5 10.6 14.5 25 0.9 55.5 0.257 86.4 0.302
Total number of blows analyzed:  19

Time Summary
Drive 34 seconds 4:05:23 PM - 4:05:57 PM (9/1/2009)  BN 1 - 20

Page 1 of 1
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Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-30(DH)  (18.7' - 20.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-30(DH)  (18.7' - 20.2' sample) Rig Serial No. MEC-21; CME 55 (T.Hahn)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 24.20 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 20.3 10.2 14.8 25 0.5 1.9 0.239 90.1 0.315
 3 18.2 9.4 16.3 22 0.6 58.6 0.234 91.6 0.320
 4 20.4 9.7 14.6 25 0.8 59.1 0.237 92.0 0.322
 5 20.0 10.5 15.3 24 0.5 58.5 0.241 90.4 0.316
 6 19.6 10.4 15.6 24 0.7 58.6 0.234 94.2 0.330
 7 16.5 9.9 16.0 20 0.6 58.8 0.235 91.2 0.319
 8 17.3 8.0 16.3 21 0.6 58.5 0.230 92.5 0.324
 9 19.7 8.1 15.3 24 0.7 58.6 0.234 90.8 0.318

 10 19.9 8.5 14.9 24 0.5 58.6 0.233 91.3 0.319
 11 18.9 7.8 15.7 23 0.5 58.7 0.233 90.4 0.317
 12 17.4 9.5 16.1 21 0.6 58.6 0.234 91.7 0.321
 13 19.4 9.6 15.4 24 0.5 58.6 0.237 91.8 0.321
 14 19.7 8.4 15.2 24 0.7 58.6 0.230 93.0 0.326
 15 18.4 9.2 16.0 22 0.6 58.6 0.232 92.6 0.324
 16 20.4 9.6 14.3 25 0.5 58.7 0.235 90.9 0.318
 17 18.6 7.7 15.7 23 0.7 58.6 0.228 86.8 0.304
 18 16.9 9.4 15.8 21 0.6 58.6 0.231 89.7 0.314
 19 20.0 8.5 13.5 24 0.8 58.5 0.227 87.3 0.305
 20 20.2 8.5 13.7 25 0.8 58.5 0.228 80.6 0.282

Average 19.1 9.1 15.3 23 0.6 55.6 0.233 90.5 0.317
Total number of blows analyzed:  19

Time Summary
Drive 31 seconds 4:15:08 PM - 4:15:39 PM (9/1/2009)  BN 1 - 20
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Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-30(DH)  (23.7' - 25.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-30(DH)  (23.7' - 25.2' sample) Rig Serial No. MEC-21; CME 55 (T.Hahn)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 29.20 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 21.6 13.5 13.2 26 0.9 1.9 0.249 85.9 0.301
 3 21.0 10.9 13.7 26 0.9 58.3 0.251 89.1 0.312
 4 19.2 10.9 13.3 23 0.8 58.4 0.256 90.3 0.316
 5 21.0 11.5 13.0 26 0.9 58.7 0.255 89.6 0.314
 6 20.3 11.9 13.7 25 0.8 58.3 0.254 87.2 0.305
 7 21.0 11.2 14.1 26 0.8 58.8 0.251 87.7 0.307
 8 21.1 11.1 14.0 26 0.8 58.7 0.255 87.7 0.307
 9 20.6 9.9 12.5 25 0.9 58.6 0.254 91.2 0.319

 10 21.0 9.6 13.1 26 0.9 58.6 0.253 86.8 0.304
 11 20.7 9.9 12.1 25 1.0 58.5 0.252 85.9 0.301
 12 20.2 10.0 13.2 25 0.9 58.7 0.249 84.7 0.296
 13 19.4 11.1 12.9 24 0.8 58.6 0.255 82.0 0.287
 14 19.3 11.2 12.5 24 0.8 58.4 0.252 86.0 0.301
 15 20.1 10.2 13.4 25 0.8 58.5 0.257 86.2 0.302
 16 22.0 9.8 12.7 27 1.0 58.4 0.257 87.8 0.307
 17 20.3 9.3 13.3 25 0.9 58.7 0.252 85.7 0.300
 18 21.5 9.7 13.9 26 0.9 58.3 0.258 89.7 0.314
 19 19.9 8.2 12.6 24 0.8 58.6 0.261 87.0 0.305
 20 21.1 9.1 13.1 26 0.9 58.4 0.251 92.3 0.323
 21 21.0 9.4 12.0 26 0.8 58.9 0.255 88.6 0.310
 22 19.1 8.3 12.9 23 0.8 58.3 0.257 92.0 0.322
 23 21.6 9.6 13.5 26 0.9 58.7 0.254 88.2 0.309
 24 20.4 8.8 13.5 25 0.8 58.3 0.260 87.7 0.307
 25 19.9 8.3 13.7 24 0.8 58.7 0.257 87.8 0.307
 26 19.5 8.0 13.4 24 0.8 58.3 0.259 85.5 0.299

Average 20.5 10.1 13.2 25 0.9 56.3 0.255 87.7 0.307
Total number of blows analyzed:  25

Time Summary
Drive 50 seconds 4:23:26 PM - 4:24:16 PM (9/1/2009)  BN 1 - 27
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Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-30(DH) (28.7' - 30.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 16-Nov-2009

NORTH ANNA 3 Project - BORING M-30(DH) (28.7' - 30.2' sample) Rig Serial No. MEC-21; CME 55 (T.Hahn)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 34.20 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 19.0 11.2 12.5 23 0.8 1.9 0.273 84.2 0.295
 3 19.5 9.6 12.7 24 0.8 58.1 0.285 85.9 0.301
 4 19.2 11.4 12.8 23 0.8 59.0 0.285 84.4 0.295
 5 21.1 12.4 14.2 26 0.8 59.0 0.273 85.9 0.301
 6 20.6 10.7 12.6 25 0.8 58.8 0.279 86.4 0.302
 7 20.3 11.4 13.0 25 0.9 58.7 0.275 84.5 0.296
 8 18.8 11.8 13.6 23 0.8 58.7 0.277 86.9 0.304
 9 20.7 10.5 14.1 25 0.8 58.9 0.272 85.6 0.300

 10 19.6 11.5 13.0 24 0.8 58.8 0.276 85.1 0.298
 11 21.2 8.9 12.6 26 0.9 58.6 0.271 82.0 0.287
 12 20.3 10.8 13.0 25 0.8 58.9 0.273 85.1 0.298
 13 21.0 8.8 12.3 26 1.0 58.4 0.274 82.9 0.290
 14 20.4 9.1 13.7 25 0.8 58.9 0.267 85.1 0.298
 15 21.1 10.3 12.6 26 0.9 58.5 0.269 84.1 0.294
 16 21.5 9.8 12.7 26 0.9 58.8 0.273 84.6 0.296
 17 18.5 7.9 12.7 23 0.8 58.4 0.277 82.9 0.290
 18 21.3 9.7 13.0 26 0.9 58.7 0.270 86.4 0.302
 19 21.5 8.9 12.0 26 0.8 58.6 0.272 85.7 0.300
 20 20.7 8.9 12.0 25 1.0 58.9 0.266 83.8 0.293
 21 18.6 6.9 13.7 23 0.8 58.5 0.270 86.5 0.303
 22 19.7 7.0 12.5 24 0.8 58.7 0.270 85.8 0.300
 23 20.8 7.3 11.9 25 0.8 58.7 0.272 81.6 0.286
 24 20.1 7.0 12.6 25 0.7 58.5 0.268 84.6 0.296
 25 21.0 6.8 11.7 26 0.7 58.6 0.270 83.8 0.293
 26 18.0 7.6 12.8 22 0.8 59.0 0.269 84.6 0.296
 27 20.6 6.7 12.2 25 0.9 58.6 0.262 83.5 0.292
 28 18.8 7.4 12.7 23 0.8 58.7 0.273 86.6 0.303
 29 20.9 6.2 11.7 25 1.0 58.6 0.266 84.6 0.296
 30 19.7 6.6 12.6 24 0.9 58.6 0.266 85.6 0.300
 31 20.3 6.4 11.9 25 1.0 58.7 0.263 85.1 0.298
 32 19.2 7.0 13.7 23 0.8 58.4 0.269 89.9 0.315
 33 19.2 6.2 12.9 23 0.8 58.7 0.270 89.2 0.312
 34 19.7 6.3 11.3 24 1.0 58.6 0.263 86.7 0.304
 35 19.3 5.8 12.8 24 0.8 58.7 0.266 89.3 0.312
 36 20.7 6.0 12.2 25 0.7 58.5 0.262 93.0 0.325
 37 21.0 6.5 12.2 26 0.7 58.5 0.264 95.7 0.335
 38 19.0 5.4 12.8 23 0.8 58.5 0.266 92.5 0.324
 39 21.0 6.0 13.2 26 0.7 58.7 0.264 95.8 0.335
 40 21.3 7.0 13.0 26 0.7 58.4 0.270 99.7 0.349
 41 21.0 6.1 11.8 26 0.8 58.5 0.269 88.8 0.311

Average 20.2 8.3 12.7 25 0.8 57.2 0.270 86.6 0.303
Total number of blows analyzed:  40

Time Summary
Drive 2 minutes 41 seconds 4:32:18 PM - 4:34:59 PM (9/1/2009)  BN 1 - 41
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MACTEC Engineering and Consulting, Inc. PDI-CURVES - Printed: 11/16/2009

Project: NORTH ANNA 3
Pile: BORING M30-DH(18.7-20.2) - Description: CME 55 (T.HAHN)
Operator: JNH

BN 19
9/1/2009 4:15:38 PM
LP 0.00 ft
CSX 20.0 ksi
CSI 20.4 ksi
TSX 8.5 ksi
EMX 0.3 k-ft
STK 3.93 ft
FVP 0.83 []
SFR 1 kips
RX5 5 kips
RMX 5 kips

LE 24.20 ft
AR 1.22 in^2
EM 30,000.0 ksi
SP 0.492 k/ft3
WS 16,807.9 f/s
WC 16,807.9 f/s
JC 0.70 []
2L/c 2.88 ms
EA/c 2.2 ksec/ft
FR 5.000 kHz

50
kips

F

204.6 ms0.0 ms

23.0
f/s
V
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I!MACTEC 
Engineering and constructing a better tomorrow 

December 2, 2009 

From: Jon Honeycutt, Staff Professional "3.14\-\ 12/ :t./~ 7 
Reviewed By: Steve Kiser, Principal Professional Q_Jjj tZ.-~-01 
Subject: Report of SPT Energy - MACTEC CME-S5 Trailer (RAL) 

Hammer Serial No. MEC-425 Automatic Hammer 
WORK INSTRUCTION No.8 (DCN:NAP-077) 
North Anna 3 Project 
Louisa County, Virginia 
MACTEC Project No. 6468-09-2473 

Jonathan Honeycutt, of MAC TEe Engineering and Consulting, Inc. (MACTEC), perfonned energy 
measurements on the drill rig at the subject site per the referenced Work Instructions. This 
memorandum summarizes the field testing activities and presents the results of the energy 
measurements. 

SPT Energy Field Measurements 

8PT energy measurements were made on September 2, 2009, during drilling cfBaring M~II at 
the referenced site. The testing was performed by Jonathan Honeycutt from approximately 10:05 
AM to II : 15 AM on September 2 under clear skies with a temperature of about 65 degrees 
Fahrenheit. The boring was drilled by MACTEC personnel using equipment from the MACTEC 
Raleigh office. The drilling equipment consisted of a CME~55 model trailer-mounted drill rig 
with an SPT automatic hammer. The drilling tools consisted of A W-J~sized drilling rods and a 2-
foot long split-barrel sampler. Mud rotary drilling techniques were used to advance the boring at 
the time of energy testing. The drill rig operator during sampling was Mr. Phil Pitts. Energy 
measurements were recorded during sampling at the depth intervals shown in Table I. 

The energy measurements were performed with a Pile Driving Analyzer (PDA) model PAX 
(Serial No. 3622L), and calibrated accelerometers (Serial Nos. K983 and K0686) and strain gages 
(Serial Nos. A W#7511 and A W#7512). A steel drill rod, 2 feet long and instrumented with 
dedicated strain gages, was inserted at the top of the drill rod string immediately below the SPT 
hammer. The inserted rod was also instrumented with two piezoresistive accelerometers that 
were bolted to the outside of the rod. The instrumented rod was two feet below the hammer 
impact point and had a cross-sectional area of approximately 1.22 square inches and an outside 
diameter of approximately 1.75 inches at the gage location. The drill rods included in the drill rod 
string were hollow rods in 5 to 10 foot long sections, with an outside and inside diameter of 
approximately 1.75 and 1.375 inches, respectively. The recommended operation rate of the 
hammer is not known. Due to the closed hammer system, the hammer lubrication condition and 
anvil dimensions could not be observed. 

14 Pages Total 

MACTEC Engineering and Consulting, Inc. 
2801 Yorkmont Road, Suite 100 • Charlotte, NC 28208 • Phone: 704.357.8600 

www.mactec.com 
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Calibration Records 
 
The calibration records for all the above are filed in DCN NAP-223   

Calculations for EFV 
 
The work was done in accordance with ASTM D 4633-05.  The strain and acceleration signals 
were converted to force and velocity by the PDA. The maximum energy transmitted to the drill 
rod string (EFV), as measured at the location of the strain gages and accelerometers, was 
calculated by the PDA using the equation shown below: 
 

EFV = � F(t) * V(t) * dt  
 
                        Where: EFV = Transferred energy (EFV equation), or Energy of FV 
                                    F(t) = Calculated force at time t 
                                    V(t) = Calculated velocity at time t 
                                     
As recommended by ASTM D4633-05, the force-velocity method of energy calculation was used. 
The equation shown above for calculating EFV, integrated over the complete wave event, 
measures the total energy content of the event using both force and velocity measurements. The 
EFV values associated with each blow analyzed are tabulated in the attached PDIPLOT tables 
and are also shown graphically in the PDIPLOT charts. 
 
Calculations for ETR 
 
The ratio of the measured transferred energy (EFV) to the theoretical potential energy of the SPT 
system (140 lb weight with the specified 30 inch fall) is the ETR.  The ETR values (as percent of 
the theoretical value) are shown in Table 1. 
  
Comparison of ETR to Typical Energy Transfer Ratio Range 
 
Based on a research report published by the Florida Department of Transportation (FDOT) 
(Report WPI No. 0510859, 1999), the average ETR measured for automatic hammers is 79.6%. 
The standard deviation was 7.9%; therefore, the range of ETRs within one standard deviation of 
the average was reported to be 71.7% to 87.5%. This range of ETRs was also consistent with 
other research that was cited in the FDOT research paper; however, maximum and minimum 
ETR values of up to 98% and 56%, respectively, were reported in the literature. The ETR values 
shown in Table 1 are generally within the range of typical values for automatic hammers as 
reported in the literature. 
 
Discussion 

Based on the field testing results, observations from the SPT energy measurements are 
summarized below: 
 

� The data obtained by the PDA are generally consistent between individual hammer 
blows and between the sample depths tested. In general, the first and last one (and 
sometimes two or more) hammer blow records recorded by the PDA produced poor 
quality data (which is relatively common) and, as such, the record(s) was(were) not 
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used in the data reduction. This may result in more or less blows evaluated for ETR 
than what is shown on the boring logs. The test results collected at depths of 23.9 
and 28.9 feet were not used in the determination of the ETR due to inconsistency in 
transferred energy between successive hammer blows.  

 
� The average energy transferred from the hammer to the drill rods for each 

individual depth interval using the EFV method ranged from 278 foot-pounds to 
310 foot-pounds.  These average energy transfers correspond to energy transfer 
ratios (ETR) of 79.4% to 88.6% of the theoretical energy (350 foot-pounds) of the 
SPT hammer.   

 
� The average at each depth interval was calculated as the transferred energy for each 

analyzed blow of the depth intervals divided by the total number of hammer blows 
analyzed.  The overall average energy transfer of the SPT system (for all the depth 
intervals tested) was 298.6 foot-pounds, with an average ETR of 85.3%. 

 
 
Attachments: Page 4  Table 1 - Summary of SPT Energy Measurements – 1 Page 
  Pages 5-6 Work Instruction No. 8 – DCN:NAP-077 – 2 Pages (without attachments) 
  Page 7  Record of SPT Energy Measurement – 1 Page 
  Pages 8 – 13 PDIPLOT Output – 6 Pages 
  Page 14  Force-Velocity Plot – 1 Page 
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TABLE 1 
SUMMARY OF SPT ENERGY MEASUREMENTS (ASTM D4633-0S) 

North Anna 3 Project 

] 
~ 
.£ 
11' ." 
~ 

M-II 

Louisa County, Virginia 
MACTEC Project No. 6468-09-2473 

~ 
:l 
Cl 

9/2/2009 

~ 
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~ 
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~ 
oi!i -,s 
fr 
~ • 
~ • en 

33.9 - 35.4 
38.9 - 40.4 
43.9 - 45.4 

~ 

~ ~ _ N 
.c ~ ... -=;13 '; . " " . " .." o .S' '" u • ~ 
~ .~ .s 

.=: ~ = '" '" ~ .... ~ 

.. 0 en Z 
5-6-6 17 
4-7-8 20 
6-7-8 21 

Average for Rig: 

~ 
t~ • • · "" · . ~ · -. .... .c 
~ ;:.. "i' 
filS S 
t g 
> -.." ~ ., 

278 
304 
310 

298.6 

.S - '" OJ .... -., oi!i • 
~ " • • . -~ ~ 
!l$ -.~ 
~ ';!.. .,-

79.4% 
86.9% 
88.6% 
85.3% 

PMeasured Energy is energy based on the EFV method, as outlined in ASTM D4633-05, for each blow recorded by the PDA. In some cases, the initial and final 
one to two blows produced poor quality data, and were not lIsed to calculate the Average Measured Energy. This may result in more or less blows evaluated for 
ETR than what is shown on the boring logs. 

EFV = EMX * 1000 Ibs/kip, where EMX equals the maximum transferred energy measured by the PDA (see attached PDA data). 

bEnergy Transfer Ratio is the Measured Energy divided by the theoretical SPT energy 0[350 foot-pounds (140 pound hammer falling 2.5 feet). 
The average EFY and ETR values may differ slightly and insignificantly from those in the PDlPLOT tables due to roundoff. 

IPrepared By '-·:SJJ .. ! Date: J~ h.i... 2 Checked By: Q.JL...j Dale: \2.-l.-<l'i 
l -I 1 
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Work Instruction No.8 
North Anna 3 Project 

MACTEe Engineering and Consulting, Inc. 
Project Number: 6468-09-2473 

Issued To:. __ ",JQ"n"a",th",a"nuH",Q"n",e"y"cu"t",t.~S"te"v"e'"'Ki""'·s"'er'---___________________ ~Rev. No. 0 

Issued By: p, Steven Copley. P.E. Date; August 31. 2009 

Valid From: August 31. 2009 To: _~A"u"'gu"s"t .. 3-'-l.u2"O,,1"_Q ______ _ 

Task Description: Perform SPT Energy Measurements 

Applicable Technical Procedures or Plans, or other reference: 

1. Geotechnical Work Plan (complete copy of curre.nt revision available at Fidd Office), Section 4.2 and Attachment 2 
- Drilling and Sampling Procedures (attached) 

2. Engineering Specification for Subsurface Investigation and Laboratory Testing, No. 25161-500-3PS-CYOO-QOOOl, 
Rev. 000, Issued for use August 21. 2009, Section 3.3 Drilling Equipment (attached) 

3. ASTM D 4633-05 (attached) 

Specific Instructions (note attachments where necessary): Perfonn enef1,ry measurements for each drill rig on site in general 
accordance with ASTM D 4633..{)5. Consult with Site Manager as to schedule for performing the measurements. Hammer 
weights have been checked, and records will be available on site. All rigs are using automatic hammer systems. Confirm that 
automatic hammer system is being operated within manufacturer's recommendations or in a typical operating fashion as 
observed from watching one or two SPT measurements prior to measuring energy. Check each drill rig using all hammer/rod 
combinations that it will be using. Depths for measurements should be coordinated with the Site Manager. See Site Manager 
for current boring logs of holes drilled, if available, and use these to plan most effective field measurement program. Submit 
copies of calibration records for equipment to Principal Professional for review prior to beginning work 011 site. 

Confinn with Site Manager that approval of equipment calibration records bave been received prior to beginning field 
testing. I funexpected conditions are encountered that affect mea'surements, contact Site Manager or Principal Professional 
immediately. 

R eport Format: Prepare standard report in accordance with ASTM 04633-05 requirements. 

Specific Quality Assurance Procedures Applicable: 10CFR2l; NQAP 16-01 Procedure For Conforming To Federal 
Regulation 10CFR21; QAP 20-1; QAP 25~1; Section 306 of the Energy Reorganization Act of 1974. Current revisions 
apply; copies available in Field Office. 

Hold Points or Witness Poiuts: None 

Records: All records generated shall be considered QA Records. 

Page 1 of 15 
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Reviewed and Approved By (Note: Only one signature required for issuance): 

Project Manager: ----:,----,0,------, ___ ---,--- --- Date: ______ --::-_____ _ 

Principal Professional: _..tP"--".-=.J-'--k'-"-'=----=G=+,I·:o::.~;,q7------- Date: _~8~·__'3~'~ • ....:O:::9~_ 
Site Manager: __________________ Dnte: _____ _______ _ 

No. of Pages: _~1..,5,-__ 

OAfron 24-1 Revised 8/1212009 

DCN: NAP077 

Page 2 of 15 
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PROJECT: 

LOCATION: 

PROJECT NO.: 

DATE: 

WEATHER: 

INSPECTOR: 

IORlWNG COMPANY: 

BORING NUMBER: 

OEPTH DRILLED: 

TIME DRIVEN: 

RIG OPERATOR: 
HAMMER OPERATOR: 

POA PAK SERIAL NO.: 

INSllt ROO AReA: 

ACCEL SERiAl NOS.: 

STRAIN SERIAL NOS.: 

-
-

---
-

, 
-:3~''l 

/' 
-:S"'~ 

1),1" 

REMARKS: 

6 MACTEC 
2801 VORKMONT ROAD, SU!TE 100 0 CHARLOTTE, NC 28208 

Telephone: (704) 357·6600 I Facsimile: (704) 357·8638 

RECORD OF SPT ENERGY MEASUREMENT 
GENERAL INFORMATiON DRill RIG DATA 
North Anna 3 Pro'acl MAKE: eM" 
Vir Inia MODEL: !, 5-- -n? ..J,,'I 
6468-09-2473 SERlALND.: »J"" ~"S 

"I? /::1", "[ HAMMER TYPE: 1Ivi-rJ 
<. ,,~r- ROPE CONDITION: N/A 

-sIJA ROO SIZE: AW~ 

MACTEC- 1\4 \>,:"'\.. NO. OF SHEAVES: N/A 

BORING DATA 
• j 

Various "';D,,,,,,,, - /1.-" .. ~ 
P p..u< 

N/A 
3622L 

i ·21: J. 

Y-JI- K'H 3 : "t ·~obl" 
7:r 4-.... "'" '/2 

SAMPLE "" " "'" N.VAlUe , 
lINt} ,,'" 

.13.1 · JO l .. -$- 8 -, 
-

.)f,~ ·30.9 t.-II - 1.:1 - • 

33 ·1- ]'J"." ;;-- (,- {, . 

3K'Lf - 'M.I, lj.-7- 9 

1;-3 ,,-tj). If (,-7-8 

Testing performed in accordance with 
ASTM 0 4633..()S 

Reviewed By: 

n? v.vkd 

-

, 

iffv'· 0 



Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-11 (33.9' - 35.4' sample))
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009

NORTH ANNA 3 Project - BORING M-11 (33.9' - 35.4' sample)) Rig Serial No. MEC-425; CME 55 TRAILER (RAL) (P.Pitts)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 39.40 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 20.5 11.6 15.2 25 0.9 1.9 0.217 76.1 0.266
 3 18.4 11.0 14.1 22 0.8 44.0 0.221 77.2 0.270
 4 18.8 11.5 14.5 23 0.8 46.0 0.217 76.8 0.269
 5 19.6 11.0 13.7 24 0.8 46.0 0.221 76.5 0.268
 6 19.3 10.8 14.1 24 0.8 46.2 0.224 78.4 0.274
 7 19.9 10.6 14.5 24 0.8 47.4 0.219 80.2 0.281
 8 20.0 11.0 14.1 24 0.8 46.6 0.219 79.1 0.277
 9 21.0 10.4 13.6 26 0.9 46.6 0.221 79.3 0.277

 10 20.5 10.6 14.1 25 0.8 46.0 0.220 79.4 0.278
 11 19.9 11.1 14.9 24 0.7 47.2 0.221 81.2 0.284
 12 20.5 9.4 13.5 25 0.9 46.1 0.220 81.2 0.284
 13 20.5 9.6 13.3 25 0.9 46.9 0.222 82.4 0.289
 14 18.8 9.7 14.5 23 0.7 46.3 0.224 81.4 0.285
 15 19.3 9.5 14.0 24 0.8 47.0 0.224 80.5 0.282
 16 19.1 8.9 14.0 23 0.7 47.5 0.228 81.3 0.284
 17 20.3 8.9 13.2 25 0.7 47.7 0.224 82.0 0.287
 18 20.8 9.0 13.2 25 0.9 47.8 0.222 79.5 0.278

Average 19.8 10.3 14.0 24 0.8 44.0 0.221 79.6 0.278
Total number of blows analyzed:  17

Time Summary
Drive 27 seconds 10:44:52 AM - 10:45:19 AM (9/2/2009)  BN 1 - 18

Page 1 of 1
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-11 (38.9' - 40.4' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009

NORTH ANNA 3 Project - BORING M-11 (38.9' - 40.4' sample) Rig Serial No. MEC-425; CME 55 TRAILER (RAL) (P.Pitts)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 44.40 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 3 16.6 11.9 16.3 20 0.6 4.3 0.202 80.4 0.281
 4 18.2 10.3 16.5 22 0.6 40.9 0.203 82.8 0.290
 5 18.1 9.7 16.0 22 0.6 44.1 0.207 82.7 0.290
 6 20.8 10.2 16.2 25 0.4 49.8 0.233 92.4 0.323
 7 19.7 10.4 16.5 24 0.7 52.7 0.227 91.8 0.321
 8 17.7 9.5 16.9 22 0.6 57.1 0.212 85.9 0.301
 9 20.9 10.2 17.3 25 0.4 50.6 0.231 94.9 0.332

 10 20.3 9.1 18.0 25 0.5 53.1 0.230 94.1 0.329
 11 20.5 9.2 17.1 25 0.4 53.1 0.228 91.3 0.319
 12 20.3 7.9 16.8 25 0.5 52.4 0.229 89.7 0.314
 13 17.8 8.5 14.6 22 0.7 52.5 0.226 87.9 0.308
 14 17.8 7.9 13.4 22 0.4 52.8 0.227 88.2 0.309
 15 20.9 7.5 14.0 25 0.5 52.7 0.229 86.3 0.302
 16 19.0 7.5 14.6 23 0.4 53.1 0.222 88.5 0.310
 17 19.1 7.3 15.0 23 0.4 53.2 0.220 89.3 0.313
 18 18.8 8.2 12.1 23 0.5 52.1 0.224 85.0 0.297
 19 20.4 9.1 11.6 25 0.6 52.4 0.227 84.6 0.296
 20 20.9 8.7 11.1 26 0.6 52.6 0.229 84.2 0.295
 21 18.5 8.1 10.3 23 0.5 53.0 0.217 79.2 0.277
 22 20.4 5.3 10.0 25 0.7 52.8 0.212 80.2 0.281

Average 19.3 8.8 14.7 24 0.5 49.3 0.222 87.0 0.304
Total number of blows analyzed:  20

Time Summary
Drive 1 minute 24 seconds 10:54:32 AM - 10:55:56 AM (9/2/2009)  BN 1 - 22
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Test date: 2-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - BORING M-11 (43.9' - 45.4' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009

NORTH ANNA 3 Project - BORING M-11 (43.9' - 45.4' sample) Rig Serial No. MEC-425; CME 55 TRAILER (RAL) (P.Pitts)
OP: JNH Test date: 2-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 49.40 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 3 19.6 12.7 15.5 24 0.8 1.9 0.237 84.1 0.294
 4 20.4 12.8 14.3 25 0.8 44.0 0.235 84.6 0.296
 5 19.5 12.7 15.4 24 0.8 48.0 0.259 91.4 0.320
 6 21.7 15.5 16.3 26 0.9 51.1 0.245 89.2 0.312
 7 18.9 12.0 13.7 23 0.8 55.2 0.234 82.5 0.289
 8 20.8 12.9 14.5 25 0.8 52.2 0.255 89.4 0.313
 9 21.3 12.5 14.9 26 0.8 53.6 0.252 88.3 0.309

 10 22.9 12.1 14.5 28 0.9 54.1 0.259 90.6 0.317
 11 21.9 12.1 14.2 27 0.9 54.4 0.259 90.3 0.316
 12 22.7 12.1 14.4 28 0.9 54.2 0.259 91.9 0.322
 13 21.6 12.2 14.8 26 0.8 54.9 0.244 84.4 0.295
 14 22.3 11.8 14.8 27 0.8 59.1 0.255 88.5 0.310
 15 22.4 13.1 14.7 27 0.9 53.1 0.242 85.9 0.301
 16 20.8 11.8 14.9 25 0.8 59.6 0.241 85.7 0.300
 17 22.2 10.9 13.1 27 1.0 52.3 0.257 90.1 0.315
 18 21.2 10.0 13.3 26 0.8 55.3 0.256 90.8 0.318
 19 20.5 11.3 14.7 25 0.8 56.0 0.257 90.7 0.317
 20 19.7 11.3 14.2 24 0.8 54.6 0.251 90.1 0.315
 21 21.4 11.1 15.2 26 0.8 54.9 0.249 90.5 0.317
 22 20.4 11.1 14.8 25 0.8 55.0 0.257 91.6 0.320
 23 22.7 9.5 15.1 28 0.8 54.6 0.259 90.3 0.316

Average 21.2 12.0 14.6 26 0.8 51.3 0.251 88.6 0.310
Total number of blows analyzed:  21

Time Summary
Drive 1 minute 7 seconds 11:05:53 AM - 11:07:00 AM (9/2/2009)  BN 1 - 23

Page 1 of 1
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MACTEC Engineering and Consulting, Inc. PDI-CURVES - Printed: 11/30/2009

Project: NORTH ANNA 3
Pile: BORING M-11 (43.9-45.4) - Description: CME 55 TRAILER(P.PITTS)
Operator: JNH

BN 11
9/2/2009 11:06:47 AM
LP 0.00 ft
CSX 21.9 ksi
CSI 22.6 ksi
TSX 12.1 ksi
EMX 0.316 k-ft
STK 4.59 ft
FVP 0.94 []
SFR 1 kips
RX5 6 kips
RMX 4 kips

LE 49.40 ft
AR 1.22 in^2
EM 30,000.0 ksi
SP 0.492 k/ft3
WS 16,807.9 f/s
WC 16,807.9 f/s
JC 0.70 []
2L/c 5.88 ms
EA/c 2.2 ksec/ft
FR 5.000 kHz

50
kips

F

204.6 ms0.0 ms

23.0
f/s
V
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' MACTEC 
Engineering and constructing a better tomorrow 

December 2, 2009 

From: Jon Honeycutt, Staff Professional "'"'":S'" Nfl i 2/ ¢ J&> 7 
Reviewed By: Steve Kiser, Principal Professional CJ-,\.Lj \1..~2--G~ 
Subject: Report of SPT Energy - MACTEC CME 55-LC Track (RAL) 

Hammer Serial No. MEC-02 Automati.c Hammer 
WORK INSTRUCTION No.8 (DCN:NAP-077) 
North Anna 3 Project 
Louisa County, Virginia 
MACTEC Project No. 6468-09-2473 

Jonathan Honeycutt, ofMACTEC Engineering and Consulting, Inc. (MACTEC). performed energy 
measurements on the drill rig at the subject site per the referenced Work Instructions. This 
memorandum summarizes the field testing activities and presents the results of the energy 
measurements . 

SPT Energy Field Measurements 

SPT energy measurements were made on September 1, 2009, during drilling of Boring M-
10(DH) at the referenced site. The testing was perfonned by Jonathan Honeycutt from 
approximately 2:30 PM to 4:00 PM on September 1 under clear skies with a temperature of about 
75 degrees Fahrenheit. The boring was drilled by MACTEC personnel using equipment from the 
MACTEC Raleigh office. The drilling equipment consisted of aCME 55-LC model track drill rig 
with an SPT automatic hammer. The drilling tools consisted of A W-J-sized drilling rods and a 2-
foot long split-barrel sampler. Mud rotary drilling techniques were used to advance the boring at 
the time of energy testing. The drill rig operator during sampling was Mr. David White. Energy 
measurements were recorded during sampling at the depth intervals shown in Table 1. 

The energy measurements were perfonned with a Pile Driving Apalyzer (PDA) model PAX 
(Serial No. 3622L), and calibrated accelerometers (Serial Nos. K983 and K0686) and strain gages 
(Serial Nos. A W#75il and A W#7512). A steel drill rod, 2 feet long and instrumented with 
dedicated strain gages, was inserted at the top of the drill rod string immediately below the SPT 
hammer. The inserted rod was also instrumented with two piezoresistive accelerometers that 
were baited to thy outside of the rod. The instrumented rod was two feet below the hammer 
impact point and had a cross-sectional area of approximately 1.22 square inches and an outside 
diameter of approximately 1.75 inches at the gage location. The drill rods included in the drill rod 
string were hollow rods in 5 to 10 foot long sections, with an outside and inside diameter of 
approximately 1.75 and 1.375 inches, respectively. The recommended operation rate of the 
hammer is not known. Due to the closed hammer system, the hammer lubrication condition and 
anvil dimensions could not be observed. 

18 Pages Total 

MACTEC Engineering and Consulting, Inc. 
2801 Yorkmont Road, Suite 100 • Charlotte, NC 28208 • Phone: 704.357.8600 

www.maclec.com 



SPT Energy Measurements – North Anna 3 Project                                                             December 2, 2009 
MACTEC Project No. 6468-09-2473  Page 2 

 
Calibration Records 
 
The calibration records for all the above are filed in DCN NAP-223.   

Calculations for EFV 
 
The work was done in accordance with ASTM D 4633-05.  The strain and acceleration signals 
were converted to force and velocity by the PDA. The maximum energy transmitted to the drill 
rod string (EFV), as measured at the location of the strain gages and accelerometers, was 
calculated by the PDA using the equation shown below: 
 

EFV = � F(t) * V(t) * dt  
 
                        Where: EFV = Transferred energy (EFV equation), or Energy of FV 
                                    F(t) = Calculated force at time t 
                                    V(t) = Calculated velocity at time t 
                                     
As recommended by ASTM D4633-05, the force-velocity method of energy calculation was used. 
The equation shown above for calculating EFV, integrated over the complete wave event, 
measures the total energy content of the event using both force and velocity measurements. The 
EFV values associated with each blow analyzed are tabulated in the attached PDIPLOT tables 
and are also shown graphically in the PDIPLOT charts. 
 
Calculations for ETR 
 
The ratio of the measured transferred energy (EFV) to the theoretical potential energy of the SPT 
system (140 lb weight with the specified 30 inch fall) is the ETR.  The ETR values (as percent of 
the theoretical value) are shown in Table 1. 
  
Comparison of ETR to Typical Energy Transfer Ratio Range 
 
Based on a research report published by the Florida Department of Transportation (FDOT) 
(Report WPI No. 0510859, 1999), the average ETR measured for automatic hammers is 79.6%. 
The standard deviation was 7.9%; therefore, the range of ETRs within one standard deviation of 
the average was reported to be 71.7% to 87.5%. This range of ETRs was also consistent with 
other research that was cited in the FDOT research paper; however, maximum and minimum 
ETR values of up to 98% and 56%, respectively, were reported in the literature. The ETR values 
shown in Table 1 are generally within the range of typical values for automatic hammers as 
reported in the literature. 
 
Discussion 

Based on the field testing results, observations from the SPT energy measurements are 
summarized below: 
 

� The data obtained by the PDA are generally consistent between individual hammer 
blows and between the sample depths tested. In general, the first and last one (and 
sometimes two or more) hammer blow records recorded by the PDA produced poor 
quality data (which is relatively common) and, as such, the record(s) was(were) not 
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SPT Energy Measurements – North Anna 3 Project                                                             December 2, 2009 
MACTEC Project No. 6468-09-2473  Page 3 

used in the data reduction. This may result in more or less hammer blows evaluated 
for ETR than what is shown on the boring logs. 

 
� The average energy transferred from the hammer to the drill rods for each 

individual depth interval using the EFV method ranged from 275 foot-pounds to 
302 foot-pounds.  These average energy transfers correspond to energy transfer 
ratios (ETR) of 78.6% to 86.3% of the theoretical energy (350 foot-pounds) of the 
SPT hammer.   

 
� The average at each depth interval was calculated as the transferred energy for each 

analyzed blow of the depth intervals divided by the total number of hammer blows 
analyzed.  The overall average energy transfer of the SPT system (for all the depth 
intervals tested) was 283.6 foot-pounds, with an average ETR of 81.0%. 

 
 
Attachments: Page 4  Table 1 - Summary of SPT Energy Measurements – 1 Page 
  Page 5 - 6  Work Instruction No. 8 DCN:NAP 077– 2 Pages (without attachments) 
  Pages 7  Record of SPT Energy Measurement – 1 Page 
  Pages 8 – 17 PDIPLOT Output – 10 Pages 
  Page 18  Force-Velocity Plot – 1 Page 
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81.0% 

nMeasured Energy is energy based on the EFV method, as outlined in ASTM D4633-05, for each blow recorded by the PDA. In some cases, the initial and final 
one to two blows produced poor quality data, and were not used to calculate the Average Measured Energy. This may result in more or less blows evaluated for 
ETR than what is shown on the boring logs. 

EFV := EMX * 1000 Ibs/kip, where EMX equals the maximum transferred energy measured by the PDA (see attached PDA data). 

bEnergy Transfer Ratio is the Measured Energy divided by the theoretical SPT energy of350 foot~pounds (140 pound hammer falling 2.5 feet). 
The average EFV and ETR values may differ slightly and insignificantly from those in the PDIPLOT tables due to roundoff. 

Prepared By: ~"'~ Date: /2 h /, q Checked By: ~IU Date: l1--).:o'l 
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Work Instruction No.8 
North Anna 3 Project 

MACTEe Engineering and Consulting, Inc. 
Project Number: 6468-09-2473 

Issued To:. __ ",JQ"n"a",th",a"nuH",Q"n",e"y"cu"t",t.~S"te"v"e'"'Ki""'·s"'er'---___________________ ~Rev. No. 0 

Issued By: p, Steven Copley. P.E. Date; August 31. 2009 

Valid From: August 31. 2009 To: _~A"u"'gu"s"t .. 3-'-l.u2"O,,1"_Q ______ _ 

Task Description: Perform SPT Energy Measurements 

Applicable Technical Procedures or Plans, or other reference: 

1. Geotechnical Work Plan (complete copy of curre.nt revision available at Fidd Office), Section 4.2 and Attachment 2 
- Drilling and Sampling Procedures (attached) 

2. Engineering Specification for Subsurface Investigation and Laboratory Testing, No. 25161-500-3PS-CYOO-QOOOl, 
Rev. 000, Issued for use August 21. 2009, Section 3.3 Drilling Equipment (attached) 

3. ASTM D 4633-05 (attached) 

Specific Instructions (note attachments where necessary): Perfonn enef1,ry measurements for each drill rig on site in general 
accordance with ASTM D 4633..{)5. Consult with Site Manager as to schedule for performing the measurements. Hammer 
weights have been checked, and records will be available on site. All rigs are using automatic hammer systems. Confirm that 
automatic hammer system is being operated within manufacturer's recommendations or in a typical operating fashion as 
observed from watching one or two SPT measurements prior to measuring energy. Check each drill rig using all hammer/rod 
combinations that it will be using. Depths for measurements should be coordinated with the Site Manager. See Site Manager 
for current boring logs of holes drilled, if available, and use these to plan most effective field measurement program. Submit 
copies of calibration records for equipment to Principal Professional for review prior to beginning work 011 site. 

Confinn with Site Manager that approval of equipment calibration records bave been received prior to beginning field 
testing. I funexpected conditions are encountered that affect mea'surements, contact Site Manager or Principal Professional 
immediately. 

R eport Format: Prepare standard report in accordance with ASTM 04633-05 requirements. 

Specific Quality Assurance Procedures Applicable: 10CFR2l; NQAP 16-01 Procedure For Conforming To Federal 
Regulation 10CFR21; QAP 20-1; QAP 25~1; Section 306 of the Energy Reorganization Act of 1974. Current revisions 
apply; copies available in Field Office. 

Hold Points or Witness Poiuts: None 

Records: All records generated shall be considered QA Records. 

Page 1 of 15 
DeN NAP077 
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Reviewed and Approved By (Note: Only one signature required for issuance): 

Project Manager: ----:,----,0,------, ___ ---,--- --- Date: ______ --::-_____ _ 

Principal Professional: _..tP"--".-=.J-'--k'-"-'=----=G=+,I·:o::.~;,q7------- Date: _~8~·__'3~'~ • ....:O:::9~_ 
Site Manager: __________________ Dnte: _____ _______ _ 

No. of Pages: _~1..,5,-__ 

OAfron 24-1 Revised 8/1212009 

DCN: NAP077 
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PROJECT: 
LOCATION: 

PROJECT NO.: 

OA11:: 

WEATHER: 
INSPECTOR: 

DRlLUNG COMPAHY: 

BORING NUMBER: 

DEPTH DRILLED: 

TIME ORlVEN:" 

. RIG OPERATOR: 
HAMMER OPERATOR: 

PO" PAl( seRIAl. NO.: 

]NSm ROD AREA: 

ACCEL. SERIAL NOS.: 

STRAIN SERIAL NOS.: 

~MACTEC 
2801 YOR/<MONT ROAD, SUITE 100 0 CHARLOTTE, NC 28208 

Telephone: (704) 357-B600 I Facsimile: (704) 357-8638 

RECORD OF SPT ENERGY MEASUREMENT 
GENERAL INFORMATION DRILL RIG DATA 
North Anna 3 Pro set MAKE: eM 
Virginia MODEL: 5"S-I-<:' 
6468-09-2473 . SERlALNO.: ;>1 ... ,. - <> ::I. 

'I II ':2co 1 HAMMER TYPE: '9vH:> . 
5, --,:- '" If- ROPE CONOmON: NlA 

-.:r"''' noD $Izt:: AW-J 

MACTEC- ~,J_.' NO. Of SHEAVES: NlA 

BORING DATA 

M-ID 
Various' 

.,? 3,,#~ _ L'-n, P '" 
D . VI,/, ,E · 

N/A 
,.22l 

I . ;-Z 1,</ "-
141- ••. ~. 14-~-\""6Yb 
7.,-:W 112 · 

SAMPLE SPT ', 

OEPTli N-VALUE 

(f"t} (bpf) , 

i/ 7 · /7.", .1-'t--S' 

I'I ,J -I,.'; ". J -S" 

11. ,) - 20,7 9 -4-5 
," ." 

",)<,2 -.Jt:: .2-3-4<-

;;; 7 . .2 -3t> , .,2 - 3-<> 

.. 

REMARKS: Testing performed in accordance with 
ASTM 0 4633-05 

ReviewedB. 



Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - Boring M-10(DH)  (11.7' - 13.2' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009

NORTH ANNA 3 Project - Boring M-10(DH)  (11.7' - 13.2' sample) Rig Serial No. MEC-02; CME 55LC (RAL) (D.White)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 17.50 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 19.6 10.8 15.4 24 0.8 1.9 0.226 86.4 0.302
 3 19.8 10.3 15.3 24 0.7 51.4 0.219 77.1 0.270
 4 18.8 9.6 15.2 23 0.7 52.0 0.224 84.6 0.296
 5 19.2 8.9 15.0 23 0.7 52.0 0.224 87.0 0.304
 6 19.4 7.6 15.3 24 0.7 51.7 0.220 88.2 0.309
 7 18.7 7.1 13.7 23 0.7 52.2 0.213 88.3 0.309
 8 17.9 7.1 13.7 22 0.7 51.7 0.210 86.6 0.303
 9 18.1 6.9 13.6 22 0.7 52.0 0.208 87.9 0.308

 10 18.6 8.6 15.5 23 0.7 51.8 0.215 90.7 0.318
Average 18.9 8.6 14.7 23 0.7 46.3 0.218 86.3 0.302

Total number of blows analyzed:  9

Time Summary
Drive 56 seconds 2:38:44 PM - 2:39:40 PM (9/1/2009)  BN 1 - 10

Page 1 of 1
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Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - Boring M-10(DH)  (14.3' - 15.8' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009

NORTH ANNA 3 Project - Boring M-10(DH)  (14.3' - 15.8' sample) Rig Serial No. MEC-02; CME 55LC (RAL) (D.White)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 19.50 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 20.1 16.0 16.4 25 0.8 1.9 0.234 74.4 0.260
 3 20.0 14.2 16.5 24 0.9 51.9 0.244 77.8 0.272
 4 19.9 10.7 15.3 24 0.7 52.1 0.239 80.0 0.280
 5 19.9 11.9 13.8 24 0.8 52.4 0.240 78.8 0.276
 6 20.0 11.3 14.4 24 0.8 51.8 0.238 81.8 0.286
 7 18.6 12.2 14.0 23 0.7 52.0 0.237 80.0 0.280
 8 19.6 10.0 15.2 24 0.7 51.7 0.239 81.1 0.284
 9 18.3 9.0 15.2 22 0.7 51.9 0.239 82.9 0.290

 10 18.5 9.2 14.9 23 0.7 51.5 0.232 81.5 0.285
 11 17.4 10.3 14.6 21 0.7 52.3 0.222 78.3 0.274
 12 19.2 11.3 14.0 23 0.7 51.7 0.238 83.6 0.293
 13 18.5 9.6 14.8 23 0.7 51.9 0.224 79.2 0.277

Average 19.2 11.3 14.9 23 0.7 47.8 0.235 80.0 0.280
Total number of blows analyzed:  12

Time Summary
Drive 36 seconds 2:52:26 PM - 2:53:02 PM (9/1/2009)  BN 1 - 13
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Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - Boring M-10(DH)  (19.2' - 20.7' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009

NORTH ANNA 3 Project - Boring M-10(DH)  (19.2' - 20.7' sample) Rig Serial No. MEC-02; CME 55LC (RAL) (D.White)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 24.70 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 19.3 13.1 14.2 24 0.8 1.9 0.261 78.4 0.274
 3 21.0 12.6 14.9 26 0.8 52.0 0.263 80.1 0.280
 4 21.1 11.2 13.7 26 0.9 52.3 0.259 79.8 0.279
 5 20.7 11.6 13.9 25 0.8 51.9 0.254 78.5 0.275
 6 19.6 12.0 13.8 24 0.8 52.2 0.264 77.9 0.273
 7 19.0 11.8 14.0 23 0.8 52.3 0.268 79.8 0.279
 8 19.3 11.3 14.1 24 0.8 51.9 0.261 78.9 0.276
 9 20.9 12.1 13.9 26 0.9 52.0 0.273 80.1 0.280

 10 20.6 10.8 13.3 25 0.9 52.3 0.257 75.9 0.266
 11 20.0 9.9 13.6 24 0.8 52.0 0.253 77.6 0.272
 12 19.0 10.2 13.2 23 0.8 52.5 0.257 79.3 0.277
 13 20.1 11.3 13.2 25 0.9 51.8 0.256 76.5 0.268
 14 19.0 10.4 13.0 23 0.8 52.1 0.258 77.9 0.273

Average 20.0 11.4 13.8 24 0.8 48.2 0.260 78.5 0.275
Total number of blows analyzed:  13

Time Summary
Drive 20 seconds 3:08:11 PM - 3:08:31 PM (9/1/2009)  BN 1 - 14
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Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - Boring M-10(DH)  (24.2' - 25.7' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009

NORTH ANNA 3 Project - Boring M-10(DH)  (24.2' - 25.7' sample) Rig Serial No. MEC-02; CME 55LC (RAL) (D.White)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 29.70 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 20.6 16.6 15.7 25 0.8 1.9 0.261 80.5 0.282
 3 19.8 14.3 15.4 24 0.8 52.0 0.257 81.4 0.285
 4 20.0 11.2 14.0 24 0.8 52.9 0.257 80.3 0.281
 5 19.8 12.4 13.8 24 0.8 51.6 0.267 79.7 0.279
 6 19.0 11.9 14.0 23 0.8 52.4 0.257 80.4 0.282
 7 18.0 12.1 13.8 22 0.8 52.2 0.263 80.2 0.281
 8 18.2 12.2 13.8 22 0.8 51.9 0.260 79.9 0.280
 9 18.3 11.3 13.8 22 0.8 52.5 0.256 79.4 0.278

 10 18.9 10.0 13.2 23 0.8 52.1 0.250 77.3 0.271
Average 19.2 12.4 14.2 23 0.8 46.6 0.259 79.9 0.280

Total number of blows analyzed:  9

Time Summary
Drive 24 seconds 3:19:54 PM - 3:20:18 PM (9/1/2009)  BN 1 - 10
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Test date: 1-Sep-2009

 Max Transferred Energy

 Energy Transfer Ratio

 Maximum Velocity

 Blows per Minute

 Tension Stress Maximum

 Max Measured Compr. Stress

PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009
MACTEC Engineering and Consulting, Inc. - Case Method Results

NORTH ANNA 3 Project - Boring M-10(DH)  (29.2' - 30.7' sample)
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MACTEC Engineering and Consulting, Inc.
Case Method Results PDIPLOT Ver. 2008.1 - Printed: 2-Dec-2009

NORTH ANNA 3 Project - Boring M-10(DH)  (29.2' - 30.7' sample) Rig Serial No. MEC-02; CME 55LC (RAL) (D.White)
OP: JNH Test date: 1-Sep-2009
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 34.70 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70
CSX:   Max Measured Compr. Stress
TSX:   Tension Stress Maximum
VMX:   Maximum Velocity
FMX:   Maximum Force
FVP:   Force/Velocity proportionality

BPM:   Blows per Minute
EF2:   Energy of F^2
ETR:   Energy Transfer Ratio
EMX:   Max Transferred Energy

BL# CSX TSX VMX FMX FVP BPM EF2 ETR EMX
ksi ksi f/s kips [] ** k-ft (%) k-ft

 2 20.3 16.3 15.4 25 0.8 1.9 0.262 82.1 0.287
 3 19.8 14.9 15.9 24 0.8 52.0 0.265 84.0 0.294
 4 18.1 13.8 14.4 22 0.8 52.0 0.263 82.1 0.287
 5 18.5 12.1 13.9 23 0.7 52.0 0.248 79.2 0.277
 6 19.1 12.4 13.8 23 0.8 52.5 0.255 81.8 0.286
 7 18.4 11.3 13.8 22 0.7 51.9 0.247 78.5 0.275
 8 19.3 12.7 14.0 24 0.8 52.5 0.263 83.1 0.291
 9 18.9 12.0 13.3 23 0.8 52.0 0.257 77.6 0.272

 10 18.6 12.6 14.2 23 0.7 52.4 0.258 85.7 0.300
 11 17.7 11.0 13.5 22 0.7 51.9 0.261 82.5 0.289

Average 18.9 12.9 14.2 23 0.8 47.1 0.258 81.7 0.286
Total number of blows analyzed:  10

Time Summary
Drive 1 minute 25 seconds 3:29:07 PM - 3:30:32 PM (9/1/2009)  BN 1 - 11
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MACTEC Engineering and Consulting, Inc. PDI-CURVES - Printed: 11/30/2009

Project: NORTH ANNA 3
Pile: BORING M-10(DH) (24.2-25.7) - Description: CME 55LC DAVID WHITE
Operator: JNH

BN 5
9/1/2009 3:20:12 PM
LP 0.00 ft
CSX 19.8 ksi
CSI 20.0 ksi
TSX 12.4 ksi
EMX 0.279 k-ft
STK 5.14 ft
FVP 0.84 []
SFR 2 kips
RX5 4 kips
RMX 2 kips

LE 29.70 ft
AR 1.22 in^2
EM 30,000.0 ksi
SP 0.492 k/ft3
WS 16,807.9 f/s
WC 16,807.9 f/s
JC 0.70 []
2L/c 3.53 ms
EA/c 2.2 ksec/ft
FR 5.000 kHz

50
kips

F

204.6 ms0.0 ms

23.0
f/s
V
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INTRODUCTION 
 

Boring geophysical measurements were collected in two uncased borings located at the North 

Anna Nuclear Power Station, located in Louisa County, Virginia.  Geophysical data acquisition 

was performed between September 15 and 17, 2009 by Charles Carter and Victor Gonzalez of 

GEOVision.  Data analysis and report preparation were performed by Robert Steller and 

reviewed by John Diehl of GEOVision.  The work was performed under subcontract with 

MACTEC Engineering and Consulting, Inc., (MACTEC) with J. Allan Tice serving as the point 

of contact for MACTEC. 

 

This report describes the field measurements, data analysis, and results of this work. 

 

 

SCOPE OF WORK 
 

This report presents the results of boring geophysical measurements collected between 

September 15 and 17, 2009, in two uncased borings, as detailed in Table 1.  The purpose of these 

studies was to supplement stratigraphic information obtained during MACTEC’s soil and rock 

sampling program and to acquire shear wave velocities and compressional wave velocities as a 

function of depth. 

 

The OYO Suspension PS Logging System was used to obtain in-situ horizontal shear and 

compressional wave velocity measurements at 1.6 foot intervals.  The acquired data were 

analyzed and a profile of velocity versus depth was produced for both compressional and 

horizontally polarized shear waves.   

 

A Robertson Geologging 3ACS 3-arm mechanical caliper probe was used to collect boring 

diameter and natural gamma data at 0.05 foot intervals. 
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A Robertson Geologging ELXG probe was used to collect long and short normal resistivity, 

single point resistance, self potential, and natural gamma data at 0.05 foot intervals. 

 

A Robertson Geologging High Resolution Acoustic Televiewer (HiRAT) probe was used to 

collect Acoustic televiewer images of the boring walls, and boring deviation data, at 0.008 foot 

intervals. 

 

A detailed reference for the velocity measurement techniques used in this study is: 

Guidelines for Determining Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8. 
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INSTRUMENTATION 
 

Suspension Instrumentation 
 

Suspension soil and rock velocity measurements were performed using the suspension PS 

logging system, manufactured by OYO Corporation.  This system directly determines the 

average in-situ horizontal shear and compressional wave velocity measurements of a 3.3 foot 

high segment of the rock and soil column surrounding the boring of interest by measuring the 

elapsed time between arrivals of a wave propagating upward through the rock and soil column.  

The receivers that detect the wave, and the source that generates the wave, are moved as a unit in 

the boring producing relatively constant amplitude signals at all depths. 

 

The suspension system probe consists of a combined reversible polarity solenoid horizontal 

shear-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1.  The separation of the two receivers is 3.3 feet, 

allowing average wave velocity in the region between the receivers to be determined by 

inversion of the wave travel time between the two receivers.  The total length of the probe as 

used in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the 

bottom end of the probe.   

 

The probe receives control signals from, and sends the digitized receiver signals to, 

instrumentation on the surface via an armored 4 conductor cable.  The cable is wound onto the 

drum of a winch and is used to support the probe.  Cable travel is measured to provide probe 

depth data, using a 3.28 foot circumference sheave fitted with a digital rotary encoder. 

 

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled 

directly to the boring walls; rather, the source motion creates a horizontally propagating 

impulsive pressure wave in the fluid filling the boring and surrounding the source.  This pressure 

wave is converted to P and SH-waves in the surrounding soil and rock as it impinges upon the 

wall of the boring.  These waves propagate through the soil and rock surrounding the boring, in 
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turn causing a pressure wave to be generated in the fluid surrounding the receivers as the soil 

waves pass their location.  Separation of the P and SH-waves at the receivers is performed using 

the following steps: 

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source, 

maximizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH-

wave signature distinct from the P-wave signal. 

3. The 6.3 foot separation of source and receiver 1 permits the P-wave signal to pass and 

damp significantly before the slower SH-wave signal arrives at the receiver.  In faster 

soils or rock, the isolation cylinder is extended to allow greater separation of the P- and 

SH-wave signals. 

4. In saturated soils, the received P-wave signal is typically of much higher frequency than 

the received SH-wave signal, permitting additional separation of the two signals by low 

pass filtering. 

5. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significantly greater than the 

dimension of the fluid annulus surrounding the probe (meter versus centimeter scale), 

preventing significant energy transmission through the fluid medium. 

 

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:  

1. The source is fired in one direction producing dominantly horizontal shear with some 

vertical compression, and the signals from the horizontal receivers situated parallel to the 

axis of motion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded.  The repeated 

source pattern facilitates the picking of the P and SH-wave arrivals; reversal of the source 

changes the polarity of the SH-wave pattern but not the P-wave pattern. 
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The data from each receiver during each source activation are recorded as a different channel on 

the recording system.  The Suspension PS system has six channels (two simultaneous recording 

channels), each with a 1024 sample record.  The recorded data are displayed as six channels with 

a common time scale.  Data are stored on disk for further processing.  Up to 8 sampling 

sequences can be summed to improve the signal to noise ratio of the signals.  

 

Review of the displayed data on the recorder or computer screen allows the operator to set the 

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize 

the quality of the data before recording.  Verification of the calibration of the Suspension PS 

digital recorder is performed every twelve months using a NIST traceable frequency source and 

counter, as outlined in Appendix D.  An additional post-project calibration was performed 

following the field work, and is included in Appendix D. 

 

Caliper / Natural Gamma Instrumentation 
 

Caliper and natural gamma data were collected using a Model 3ACS 3-leg caliper probe, serial 

number 6621, manufactured by Robertson Geologging, Ltd.  With the short arm configuration 

used in these surveys, the probes permitted measurement of boring diameters between 1.6 and 12 

inches.  With this tool, caliper measurements were collected concurrent with measurement of 

natural gamma emission from the boring walls.  The probe was 6.82 feet long, and 1.5 inches in 

diameter. 
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This probe is useful in the following studies: 

� Measurement of boring diameter and volume 

� Location of hard and soft formations 

� Location of fissures, caving, pinching and casing damage 

� Bed boundary identification 

� Strata correlation between borings 

 

 

The probe receives control signals from, and sends the digitized measurement values to, a 

Robertson Micrologger II on the surface via an armored 4 conductor cable.  The cable is wound 

onto the drum of a winch and is used to support the probe.  Cable travel is measured to provide 

probe depth data, using a 3.28 foot circumference sheave fitted with a digital rotary encoder.  

The probe and depth data are transmitted by USB link from the Micrologger unit to a laptop 

computer where it is displayed and stored on hard disk. 

 

The caliper consists of three arms, each with a toothed quadrant at their base, pivoted in the 

lower probe body.  A toothed rack engages with each quadrant, thus constraining the arms to 

move together.  Linear movement of the rack is converted to opening and closing of the arms.  

Springs hold the arms open in the operating position.  A motor drive is provided to retract the 

arms, allowing the probe to be lowered into the boring.  The rack is coupled to a potentiometer 

which converts movement into a voltage sensed by the probe's microprocessor.  

 

Natural gamma measurements rely upon small quantities of radioactive material contained in all 

rocks to emit gamma radiation as they decay.  Trace amounts of Uranium and Thorium are 

present in a few minerals, whereas potassium-bearing minerals such as feldspar, mica and clays 

will include traces of a radioactive isotope of Potassium.  These emit gamma radiation as they 

decay with an extremely long half-life.  This radiation is detected by scintillation - the 

production of a tiny flash of light when gamma rays strike a crystal of sodium iodide.  The light 

is converted into an electrical pulse by a photomultiplier tube.  Pulses above a threshold value of 

60 KeV are counted by the probe's microprocessor.  The measurement is useful because the 
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radioactive elements are concentrated in certain rock types e.g. clay or shales, and depleted in 

others e.g. sandstone or coal. 

 
 

Resistivity / Spontaneous Potential / Natural Gamma Instrumentation 
 

Resistivity, spontaneous potential and natural gamma data were collected using a Model ELXG 

electric log probe, S/N 5490, manufactured by Robertson Geologging, Ltd.  This probe measures 

Single Point Resistance (SPR), short normal (16”) resistivity, long normal (64”) resistivity, 

Spontaneous Potential (SP) and natural gamma.  The probe is 8.20 feet long, and 1.73 inches in 

diameter. 

 

This probe is useful in the following studies: 

� Bed boundary identification 

� Strata correlation between borings 

� Strata geometry and type (shale indication) 

 

The probe receives control signals from, and sends the digitized measurement values to, a 

Robertson Micrologger II on the surface via an armored 4 conductor cable.  The cable is wound 

onto the drum of a winch and is used to support the probe.  Cable travel is measured to provide 

probe depth data, using a 3.28 foot circumference sheave fitted with a digital rotary encoder.  

The probe and depth data are transmitted by USB link from the Micrologger unit to a laptop 

computer where they are displayed and stored on hard disk. 

 

The resistivity section of the probe operates by driving an alternating current into the formation 

from the central SPR/DRIVE electrode. The current returns via the logging cable armor. To 

ensure adequate penetration of the formation the logging cable is insulated for approximately 30 

feet from the cablehead.  Voltages are measured between the 16" and 64" electrodes and the 

remote earth connection at surface, as noted below: 
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� Single Point Resistance (SPR):  The current flowing to the cable armor is measured along 

with the voltage at the SPR electrode.  The voltage divided by current gives resistance. 

 

� Self Potential (SP):  This is the DC bias of the 16" electrode with respect to the voltage 

return at the surface (ground stake).  

 

Data quality is dependant upon good grounding at the surface.  This is achieved with a metal 

stake driven into the mud-pit or the soil adjacent to the boring. 

 

 

Acoustic Televiewer / Boring Deviation Instrumentation 
 

 
An acoustic image and boring deviation data were collected in all three borings using a High 

Resolution Acoustic Televiewer probe (HiRAT), serial number 6641, manufactured by 

Robertson Geologging, Ltd.  The probe is 7.58 feet long, and 1.9 inches in diameter, and is fitted 

with upper and lower four-band centralizers. 

 

In this application, this probe is useful in the following studies: 

� Measurement of boring inclination and deviation from vertical 

� Determination of need to correct soil and geophysical log depths to true vertical depths 

� Acoustic imaging of the boring wall to identify fractures, dikes, and weathered zones, 

and determine dip and azimuth of these features 

 

 

The probe receives control signals from, and sends the digitized measurement values to, a 

Robertson Micrologger II on the surface via an armored 4 conductor cable.  The cable is wound 

onto the drum of a winch and is used to support the probe.  Cable travel is measured to provide 

probe depth data, using a 3.28 foot circumference sheave fitted with a digital rotary encoder.  

The probe and depth data are transmitted by USB link from the Micrologger unit to a laptop 

computer where it is displayed and stored on hard disk. 
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This system produces images of the boring wall based upon the amplitude and travel time of an 

ultrasonic beam reflected from the formation wall.  The ultrasonic energy is generated by a 

piezoelectric transducer at a frequency of 1.4 MHz.  A periodic acoustic energy wave is emitted 

by the transducer and travels through the acoustic head and boring fluid until it reaches the 

interface between the boring fluid and the boring wall.  Here a portion of the energy is reflected 

back to the transducer, the remainder continuing on into the formation.  By careful time 

sequencing, the piezoelectric transducer acts as both the transmitter of the ultrasonic pulse and 

receiver of the reflected wave.  The travel time of the energy wave is the period between 

transmission of the source energy pulse and the return of the reflected wave measured at the 

point of maximum wave amplitude.  The magnitude of the wave energy is measured in dB, a 

unit-less ratio of the detected echo wave amplitude divided by the amplitude of the transmitted 

wave.  The strength of the reflected signal depends primarily upon the impedance contrast of the 

boring fluid and the boring wall formation.  In these rock borings, the contrast between the clear 

water filling the boring and the rock formation generally provides high contrast.  The changes in 

contrast between native rock and dikes provide imaging of fracture fillings. 

 

The acoustic wave propagates along the axis of the probe and then is reflected perpendicular to 

this axis by a reflector that focuses the beam to a 0.1-inch diameter spot about 2 inches from the 

central axis of the probe.  This reflector is mounted on the shaft of a stepper motor enabling the 

position of the measurement to be rotated through 360�.  Sampling rates of 90, 180 and 360 

measured points per revolution are available.  During these surveys, data were collected at 360 

samples per revolution.  It should be noted that during logging the probe is moving in the boring, 

so that the measured points describe a very fine pitch spiral. 
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The probe contains a fluxgate magnetometer to monitor magnetic north, and all raw televiewer 

data are referenced to magnetic north.  Also, a three-axis accelerometer is enclosed in the probe, 

and boring deviation data are recorded during the logging runs, to permit correction of structure 

dip angle from apparent dip, (referenced to boring axis), to true dip (referenced to a vertical axis) 

in non-vertical borings. 

 

The data are presented on a computer screen for operator review during the logging run, and 

stored on hard disk for later processing. 
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MEASUREMENT PROCEDURES 

Suspension Measurement Procedures 
 

The borings were filled with bentonite or polymer based drilling mud and logged from the 

bottom of the surface casing down to the bottom of the boring, as listed in Table 2.  4-inch steel 

casing placed in the top 44 to 90 feet of softer soils above bedrock contact during the 

measurements in the lower rock portion of the borings.  The casing was then removed, and 

measurements were performed in the upper soil portion of the borings, as indicated in Table 2.  

Measurements followed the GEOVision Procedure for P-S Suspension Seismic Velocity 

Logging, revision 1.4, as presented in Appendix F.  This procedure was supplied to and 

approved by MACTEC in advance of the work.  In each boring, the probe was positioned with 

the top of the probe at the top of the casing, and the electronic depth counter was set to the 

specified length of the probe, minus the height of the casing stick-up, as verified with a tape 

measure, and recorded on the field logs.  The probe was lowered to the bottom of the boring, 

stopping at 1.6 foot intervals to collect data, as summarized in Table 2. 

 

At each measurement depth the measurement sequence of two opposite horizontal records and 

one vertical record was performed, and the gains were adjusted as required.  The data from each 

depth was reviewed on the computer display, and recorded on disk before moving to the next 

depth. 

 

Upon completion of the measurements, the probe zero depth indication at the depth reference 

point was verified prior to removal from the boring, and the after survey depth error (ASDE) was 

calculated, as summarized in Table 3. 

 

Calibration procedures and records for the suspension PS measurement system are presented in 

Appendix D. GEOVision standard field log sheets for all borings are reproduced in Appendix E 

and GEOVision standard field procedures are reproduced in Appendix F. 
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Caliper / Natural Gamma Measurement Procedures 
 

The borings were filled with bentonite or polymer based drilling mud and logged from the 

bottom of the boring up until the caliper entered the bottom of the surface casing, as listed in 

Table 2.  Measurements followed ASTM D6167-97 (Re-approved 2004) Conducting Borehole 

Geophysical Logging – Mechanical Caliper. 

 

Prior to and following each logging run, the caliper tool was verified, using the manufacturer’s 

supplied three point calibration jig, and a PVC coupling provided by MACTEC with an inside 

diameter traceable to NIST.  The three point jig is a circular plate with a series of holes in the top 

surface into which the tips of the caliper arms fit.  This has circles of diameters from 2 to 12 

inches.  The calibration jig is placed over a bucket with the probe standing upright with its nose 

section passing through the jig’s central hole.  The caliper probe arms are opened under program 

control, and a log is recorded as the tips of the arms are placed in the holes on the calibration jig 

and inside the PVC coupling.  The measured dimensions, as displayed on the recording computer 

screen was recorded on the field log sheet, as well as in the digital files, and compared with the 

calibration jig dimensions.  These files are presented in LAS 2.0 format in the boring specific 

sub-directories of the data disk (CD-R) labeled Report 9333-02 that accompanies this report.  If 

the verification records did not fall within +/- 0.05 inches of the calibration jig values, the caliper 

tool was re-calibrated, using the three point calibration jig, and the log repeated.  As with the 

verification, the tips of the caliper arms are placed in the holes marked with the required 

diameter.  During calibration, the value of the current calibration point, as stamped on the jig, is 

entered via the control computer.  The system counts for 15 seconds to make an average of the 

response.  The procedure is repeated for the second and third required openings. 

 

The computation and generation of the calibration coefficient file is entirely automatic. The 

calibration file is simply the set of coefficients of a quadratic curve which fits the three data 

points. Figure 2 shows the response of a caliper probe using data gathered during calibration. 

 

Natural gamma was not calibrated in the field, as it is a qualitative measurement, not a 

quantitative value, and is used only to assist in picking transitions between stratigraphic units, as 
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described in ASTM D6274-98 (Re-approved 2004), Conducting Borehole Geophysical Logging 

- Gamma. 

 

In each boring, the probe was positioned with the top of the probe at the top of the casing, and 

the electronic depth counter was set to the specified length of the probe, minus the height of the 

casing stick-up, as verified with a tape measure, and recorded on the field logs.  The probe was 

lowered to the bottom of the boring, where the caliper legs were opened, and data collection 

begun.  The probe was then returned to the surface at 10 feet/minute, collecting data 

continuously at 0.05 foot spacing, as summarized in Table 2. 

 

Upon completion of the measurements, the probe zero depth indication at the depth reference 

point was verified prior to removal from the boring, and the after survey depth error (ASDE) was 

calculated, as summarized in Table 3. 

 

Resistivity / Spontaneous Potential Measurement Procedures 
 

The borings were filled with bentonite or polymer based drilling mud and logged from the 

bottom of the boring up until the yoke electrode cleared the surface of the drilling mud at 

nominal 39 foot depth, or the probe entered the surface casing, as summarized in Table 2.  The 

probe was connected to the logging cable using a 32.8 foot long insulating cable section or 

“yoke”.  The probe head was insulated by wrapping all exposed metal of the cablehead and 

probe with self-amalgamating insulation tape.  The 32.8 foot insulating yoke was checked for 

any damage, and repaired with self-amalgamating insulation tape as needed. 

 

The reference ground stake was driven firmly into the mud pit, and connected to the ground 

socket on the winch switch box.  

 

This sonde was not calibrated in the field, as it is used to provide qualitative measurements, not 

quantitative values, and is used only to assist in picking transitions between stratigraphic units, 

as described in ASTM D5753-05, Planning and Conducting Borehole Geophysical Surveys.  A 
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functional test is performed prior to each logging run by applying fixed resistance values across 

the probe electrodes, as well as a 100 millivolt signal across the SP electrodes, and recording the 

resultant output of the system.  These functional checks are presented in LAS 2.0 format in the 

boring specific sub-directories of the data directory on the data disk (CD-R) labeled Report 

9333-02 that accompanies this report. 

 

Natural gamma was not calibrated in the field, as it is a qualitative measurement, not a 

quantitative value, and is used only to assist in picking transitions between stratigraphic units, as 

described in ASTM D6274-98 (Re-approved 2004), Conducting Borehole Geophysical Logging 

- Gamma. 

 

In each boring, the probe was positioned with the top of the yoke electrode at the top of the 

casing, and the electronic depth counter was set to the specified length of the probe and yoke, 

minus the height of the casing stick-up, as verified with a tape measure, and recorded in the field 

logs.  The probe was lowered to the bottom of the boring, where data collection was begun.  The 

probe was then returned to the surface at 10 feet/minute, collecting data continuously at 0.05 foot 

spacing, until the yoke electrode cleared the surface of the drilling mud at nominal 39 foot depth, 

or the probe entered the surface casing, as summarized in Table 2.  The natural gamma data 

collected in these logs is redundant with the data collected in the caliper / natural gamma logs, 

and the caliper / natural data may be used to verify the natural gamma data collected in these 

logs. 

 

Upon completion of the measurements, the probe zero depth indication at the depth reference 

point was verified prior to removal from the boring, and the after survey depth error (ASDE) was 

calculated, as summarized in Table 3. 
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Acoustic Televiewer / Boring Deviation Measurement Procedures 
 

The borings were filled with bentonite or polymer based drilling mud and logged from the 

bottom of the boring up to the surface, as listed in Table 2.  Measurements followed the 

GEOVision Hi-RAT Field Procedure, revision 1.0, as presented in Appendix F.  This procedure 

was supplied to and approved by MACTEC in advance of the work. 

 

Prior to use, the HiRAT probe tiltmeter and compass functions were checked by comparison 

with a Brunton surveyors’ compass, and the results recorded on the field logs. 

 

In each boring, the televiewer probe was positioned with the top of the probe at the top of the 

casing, and the electronic depth counter was set to the specified length of the probe, minus the 

height of the casing stick-up, as verified with a tape measure, and recorded on the field logs.  

The probe was lowered to the bottom of the boring, and data collection begun.  The probe was 

then returned to the surface at 3.0 feet/minute, collecting data continuously at 0.008 foot 

intervals, as summarized in Table 2. 

 

Upon completion of the measurements, the probe zero depth indication at grade was verified 

prior to removal from the boring and the after survey depth error (ASDE) was calculated, as 

summarized in Table 3. 
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DATA ANALYSIS 
 

Suspension Analysis 
 

Using the proprietary OYO program PSLOG.EXE version 1.0, included on the data disk (CD-R) 

labeled Report 9333-02 that accompanies this report, the recorded digital waveforms were 

analyzed to locate the most prominent first minima, first maxima, or first break on the vertical 

axis records, indicating the arrival of P-wave energy.  The difference in travel time between 

receiver 1 and receiver 2 (R1-R2) arrivals was used to calculate the P-wave velocity for that 3.3 

foot segment of the soil column.  When observable, P-wave arrivals on the horizontal axis 

records were used to verify the velocities determined from the vertical axis data.  The time picks 

were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the 

velocity calculations based upon the arrival time picks made in PSLOG.  The PSLOG pick files 

and the EXCEL analysis files are included in the boring specific directories on the data disk 

(CD-R) labeled Report 9333-02 that accompanies this report. 

 

The P-wave velocity over the 6.3 foot interval from source to receiver 1 (S-R1) was also picked 

using PSLOG, and calculated and plotted in EXCEL, for comparison with the velocity derived 

from the travel time between receivers.  In this analysis, the depth values as recorded were 

increased by 4.8 feet to correspond to the mid-point of the 6.3 foot S-R1 interval.  Travel times 

were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 0.3 

milliseconds, the calculated and experimentally verified delay from source trigger pulse 

(beginning of record) to source impact.  This delay corresponds to the duration of acceleration of 

the solenoid before impact. 

 

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polarity 

pulses on each pair of horizontal records.  Ideally, the SH-wave signals from the 'normal' and 

'reverse' source pulses are very nearly inverted images of each other.  Digital FFT - IFFT 

lowpass filtering was used to remove the higher frequency P-wave signal from the SH-wave 
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signal.  Different filter cutoffs were used to separate P- and SH-waves at different depths, 

ranging from 600 Hz in the slowest zones to 4000 Hz in the regions of highest velocity.  At each 

depth, the filter frequency was selected to be at least twice the fundamental frequency of the SH-

wave signal being filtered. 

 

Generally, the first maxima were picked for the 'normal' signals and the first minima for the 

'reverse' signals, although other points on the waveform were used if the first pulse was distorted.  

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds, 

due to differences in the actuation time of the solenoid source caused by constant mechanical 

bias in the source or by boring inclination.  This variation does not affect the R1-R2 velocity 

determinations, as the differential time is measured between arrivals of waves created by the 

same source actuation.  The final velocity value is the average of the values obtained from the 

'normal' and 'reverse' source actuations. 

 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.3 foot 

interval from source to receiver 1 was calculated and plotted for comparison with the velocity 

derived from the travel time between receivers.  In this analysis, the depth values were increased 

by 4.8 foot to correspond to the mid-point of the 6.3 foot S-R1 interval.  Travel times were 

obtained by picking the first break of the SH-wave signal at the near receiver and subtracting 0.3 

milliseconds, the calculated and experimentally verified delay from the beginning of the record 

at the source trigger pulse to source impact. 

 

Independent review of these data and analysis were performed by John Diehl of GEOVision. 

 

Figure 3 shows an example of R1 - R2 measurements on a sample filtered suspension record.  In 

Figure 3, the time difference over the 3.3 foot interval of 1.88 milliseconds for the horizontal 

signals is equivalent to an SH-wave velocity of 1745 feet/second.  Whenever possible, time 

differences were determined from several phase points on the SH-waveform records to verify the 

data obtained from the first arrival of the SH-wave pulse.  Figure 4 displays the same record 

before filtering of the SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, 
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illustrating the presence of higher frequency P-wave energy at the beginning of the record, and 

distortion of the lower frequency SH-wave by residual P-wave signal. 

 

 

Caliper / Natural Gamma Analysis 
 

No analysis is required with the caliper or natural gamma data, however depths to identifiable 

boring features were compared to verify compatible depth readings on all logs.  Using WellCAD 

software version 4.3, these data were combined with the resistivity, ELOG based natural gamma 

and spontaneous potential (SP) logs, and converted to LAS and PDF formats for transmittal to 

the client. 

 

 

Resistivity / Natural Gamma / Spontaneous Potential Analysis 
 

No analysis is required with the resistivity, natural gamma or spontaneous potential data, 

however depths to identifiable boring features were compared to verify compatible depth 

readings on all logs.  Using WellCAD software version 4.3, these data were combined with the 

caliper and caliper-based natural gamma logs, and converted to LAS and PDF formats for 

transmittal to the client. 
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Acoustic Televiewer / Boring Deviation Analysis 
 
 
The collected Acoustic Televiewer data was processed with Robertson Geologging’s RGLDIP 

program, version 6.2, to identify boring features and to extract the deviation data and produce an 

ASCII file and plots of deviation data. 

 

Sinusoidal projections of both open and hairline fractures in the boring walls were interactively 

picked on the acoustic reflection image or acoustic travel time  image, and are presented on the 

logs as red sinusoids superimposed over the televiewer images.  Bedrock contact, and other 

bedding planes, when visible, were picked on the same images and are presented on the logs as 

green sinusoids.  The sinusoidal projections were processed to correct for the plunge of the 

borings using the recorded data from the accelerometers located in the probe, and presented 

graphically, in what is referred to as “tadpole”, or “arrow” format, with true dip indicated by the 

position of the arrow head on the plot.  Direction of dip (not strike) is indicated by the direction 

of the arrow tail, with true north being “up”.  These values are presented numerically in columns 

to the left of the arrow graphic plots.  These depth and dip data of the joints and foliation are also 

presented as .txt files in the boring specific sub-directories on the data disk (CD-R) labeled 

Report 9333-02 that accompanies this report, and summarized in Table 4. 

 

The televiewer images were processed to create a simulated core image of the borings.  It should 

be considered that the pseudo-core represents a core that would have the full 3.8-inch diameter 

of the boring, not the 2.5-inch diameter of the cores removed during drilling, so that direct 

comparison is not possible.  Also, the unwrapped image is viewed from the perspective of an 

observer in the center of the boring looking outward.  The simulated core image is viewed from 

the “outside” of the boring looking inward, so there is a reversal of the position of east and west 

relative to north between the two images. 
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RESULTS 

Suspension Results 
 

Suspension R1-R2 P- and SH-wave velocities are plotted in Figures 5 and 8.  The suspension 

velocity data presented in these figures are presented in Tables 5 and 6.  The PSLOG and 

EXCEL analysis files for each boring are included in the boring specific directories on the data 

disk (CD-R) labeled Report 9333-02 that accompanies this report, along with the raw and 

filtered waveforms. 

 

P- and SH-wave velocity data from R1-R2 and S-R1 analysis, as discussed in the “Suspension 

Analysis” section of this report, are plotted together in Figures A-1 and A-2 to aid in visual 

comparison.  It must be noted that R1-R2 data is an average velocity over a 3.3 foot segment of 

the soil column; S-R1 data is an average over 6.3 feet, creating a significant smoothing relative 

to the R1-R2 plots.  S-R1 data are presented in Tables A-1 and A-2, and included in the EXCEL 

analysis files for each boring on the data disk (CD-R) labeled Report 9333-02 that accompanies 

this report. 

 

Calibration procedures and records for the suspension measurement system are presented in 

Appendix D. 

 

The GEOVision standard field log sheets for all borings are reproduced in Appendix E. 

 

The GEOVision standard field procedures are reproduced in Appendix F. 
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Caliper/ Natural Gamma Results 
 

Caliper and natural gamma data are presented in combined log plots with resistivity and 

spontaneous potential as single page logs in Figures 6 and 9, as well as multi-page logs in 

Appendix B.  LAS 2.0 data and Acrobat files of the plots for each boring are included in the 

boring specific sub-directories on the data disk (CD-R) labeled Report 9333-02 that accompanies 

this report. 

 

 

Resistivity / Spontaneous Potential Results 
 

Resistivity and spontaneous potential data is presented in combined log plots with caliper and 

natural gamma data as single page logs in Figures 6 and 9, as well as multi-page logs in 

Appendix B.  LAS 2.0 data and Acrobat files of the plots for each boring are included in the 

boring specific sub-directories on the data disk (CD-R) labeled Report 9333-02 that accompanies 

this report. 

 

 

Acoustic Televiewer / Boring Deviation Results 
 

Acoustic televiewer amplitude images and simulated core images are presented in Appendix C, 

with identified features super-imposed on the images.  Features were picked as hairline fractures 

and bedding planes (as identified as features only present on the amplitude display) and open 

fractures (as identified as features present on both amplitude and travel-time displays).  The 

same logs are presented in .pdf format in the boring specific sub-directories on the data disk 

(CD-R) labeled Report 9333-02 that accompanies this report.  Fracture and planar feature depth, 

dip angle and azimuth of dip data are provided numerically on the log sheets, as well as in text 

format on the data CD-R. 
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Boring deviation data is presented graphically in Figures 7 and 10, and summarized in Table 4.  

Deviation data plots in Acrobat format and deviation data at 1.0 foot stations are presented in 

text format in the boring specific sub-directories of the data disk (CD-R) labeled Report 9333-02 

that accompanies this report. 
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SUMMARY 

Discussion of Suspension Results 
 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotary mud (rotary wash) methods.  The lower portions of the borings at this site were ideal for 

collection of suspension PS velocity data. 

 

Suspension PS velocity data quality is judged based upon 5 criteria:  

1. Consistent data between receiver to receiver (R1 – R2) and source to receiver (S – R1) 

data. 

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated 

soils) 

3. Consistency between data from adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5. Consistency of profile between adjacent borings, if available. 

 

M-10DH: These data show excellent correlation between R1 – R2 and S – R1 data, as well as 

excellent correlation between P-wave and SH-wave velocities.  SH-wave onsets are 

generally clear, and later oscillations are well damped.  P-wave arrivals are weak, as is 

generally the case in hard rock borings, and above water table in soil.  In the hard rock, 

low velocity regions correspond well with fracture zones identified on the acoustic 

televiewer logs.  This is an excellent rock velocity data set, with good soil velocity data. 

 

M-30DH: These data show excellent correlation between R1 – R2 and S – R1 data, as well as 

excellent correlation between P-wave and SH-wave velocities.  SH-wave onsets are 

generally clear, and later oscillations are well damped.  P-wave arrivals are weak, as is 

generally the case in hard rock borings, and above water table in soil.  In the hard rock, 

low velocity regions correspond well with fracture zones identified on the acoustic 

televiewer logs.  This is an excellent rock velocity data set, with good soil velocity data. 
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Discussion of Caliper / Natural Gamma Results 
 

Caliper and natural gamma data was collected for the entire depth of each boring.  The caliper 

logs for all these borings show very consistent gauge in competent rock, with minor tapering 

downhole due to bit wear.  Some fracturing is noted, but below the rock contact, the borings are 

generally tight.  Natural gamma was collected with this tool in all the borings, as well as with the 

ELOG probe, and the comparison between the two data sets provides an almost exact match, 

verifying the performance of the natural gamma measuring systems. 

 

 

Discussion of Resistivity / Spontaneous Potential Results 
 

Both long and short normal resistivity and single point resistance provide clear delineation of 

different lithologic units and changes within the bedrock, showing drops in resistivity at 

weathered zones that correspond with changes in natural gamma and velocity data.  The 

electrical data is not valid above 40 feet, as the upper yoke electrode moves out of the boring 

fluid at this depth.  The natural gamma data agrees well with the natural gamma data collected 

with the caliper probe.  The comparison between the two data sets provides an almost exact 

match, verifying the performance of the natural gamma measuring systems. 

 

 

Discussion of Acoustic Televiewer / Boring Deviation Results 
 

The acoustic televiewer data quality in the rock section of both borings is very good, providing 

clear images of a number of fractures and beading planes.  Many of the borings exhibit diagonal 

banding (zebra striping) caused by rapid reaming down the boring with new core bits that are 

slightly larger than the gauge of the original boring.  This creates a spiral wear pattern in the 

boring that alters the characteristic smooth surface of diamond cored borings.  This wear pattern 

can have a significant impact on acoustic televiewer image quality, and in these borings may 

conceal smaller features.  It will not conceal fractures, however. 
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Location of fractures and weathered zones on the televiewer logs correspond precisely with 

increases in caliper log diameter and suspension PS velocity drops. 

 

The borings were inclined at 3.9 degrees, or less, from vertical, and the maximum error in depth 

value was 0.5 feet in 200 ft, or less than 0.3 percent, as presented in Table 4.  This error is less 

than depth errors from other causes, and no adjustment of log depth is indicated. 

 

 

Quality Assurance 
 

These boring geophysical measurements were performed using industry-standard or better 

methods for measurements and analyses.  All work was performed under GEOVision data 

collection and processing procedures, which include: 

 

� Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instrumentation 

� Use of standard field data logs 

� Use of independent verification of velocity data by comparison of receiver-to-receiver and 

source-to-receiver velocities 

� Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 
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Suspension Data Reliability 
 
P- and SH-wave velocity measurement using the Suspension Method gives average velocities 

over a 3.3 foot interval of depth.  This high resolution results in the scatter of values shown in 

the graphs.  Individual measurements are very reliable with estimated precision of +/- 5%. 

Standardized field procedures and comparison checks contribute to the reliability of these data. 
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Figure 2.  Example Calibration Curve for Caliper Probe 
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BORING DATES  COORDINATES* -  FEET 

DESIGNATION LOGGED ELEVATION* NORTH (Y) EAST (X) 

M-10DH 9/16-17/2009 323.61 3909243.32 11685945.83 
M-30DH 9/15-17/2009 313.34 3909694.92 11685381.66 

 
* All points referenced to Control Monument 7 and adjusted to reflect the following Datums  
Horizontal – VSPCS South Zone, NAD 83(CORS96)(EPOCH:2002) 
Elevation - NAVD88 (Geoid03) 
Survey data provided by MACTEC 

 

Table 1  Boring locations and logging dates 
 

 

BORING 
NUMBER 

TOOL AND RUN 
NUMBER 

DEPTH 
RANGE 
(FEET) 

OPEN 
HOLE 
(FEET)

DEPTH TO 
BOTTOM OF 

CASING 
(FEET) 

SAMPLE 
INTERVAL 

(FEET) 

DATE 
LOGGED

M-10DH ELOG/GAMMA 1 200.1 – 86.0 200.1 89.8 STEEL 0.05 9/16/2009

M-10DH SUSPENSION 1 91.9 – 187.0 - 89.8 STEEL 1.6 9/16/2009

M-10DH ACOUSTIC TELEVIEWER 1 196.9 - 86.9 - 89.8 STEEL 0.008 9/16/2009

M-10DH CALIPER/GAMMA 1 198.8 - 84.0 - 89.8 STEEL 0.05 9/16/2009

M-10DH ELOG/GAMMA 2 105.6 – 36.6 - 7.0 STEEL 0.05 9/16/2009

M-10DH SUSPENSION 2 8.2 – 98.4 - 7.0 STEEL 1.6 9/17/2009

M-10DH CALIPER/GAMMA 2 100.9 – 3.9 - 7.0 STEEL 0.05 9/17/2009

M-10DH ACOUSTIC TELEVIEWER 2 99.4 – 2.8 - 7.0 STEEL 0.008 9/18/2009

M-30DH ELOG/GAMMA 1 200.5 – 39.6 200.5 44.0 STEEL 0.05 9/15/2009

M-30DH ELOG/GAMMA 2 75.0 – 39.9 - 44.0 STEEL 0.05 9/15/2009

M-30DH SUSPENSION 1 45.9 – 187.0 - 44.0 STEEL 1.6 9/15/2009

M-30DH ACOUSTIC TELEVIEWER 1 200.2 – 40.2 - 44.0 STEEL 0.008 9/16/2009

M-30DH ACOUSTIC TELEVIEWER 2 55.4 – 41.8 - 44.0 STEEL 0.008 9/16/2009

M-30DH CALIPER/GAMMA 1 200.1 – 33.2 - 44.0 STEEL 0.05 9/16/2009

M-30DH ELOG/GAMMA 3 65.4 – 34.3 - 7.0 STEEL 0.05 9/17/2009

M-30DH SUSPENSION 2 8.2 – 52.5 - 7.0 STEEL 1.6 9/17/2009

M-30DH ACOUSTIC TELEVIEWER 3 45.9 – 5.9 - 7.0 STEEL 0.008 9/17/2009

M-30DH CALIPER/GAMMA 2 50.7 – 3.3 - 7.0 STEEL 0.05 9/17/2009

- PROBE DID NOT TOUCH BOTTOM OF BORING 

Table 2.  Logging dates and depth ranges  
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BORING 
NUMBER 

TOOL AND RUN 
NUMBER 

TOOL HIT BOTTOM 
DEPTH (FEET) 

DRILLER DEPTH 
(FEET) 

STARTING 
DEPTH 
REF. 

(FEET) 

ENDING 
DEPTH 

REF. 
 (FEET) 

ASDE 
 

(FEET)

M-10DH ELOG/GAMMA 1 201.1 201.9 39.5 39.5 0 

M-10DH SUSPENSION 1 -  6.7 6.7 0 

M-10DH ACOUSTIC TELEVIEWER 1 -  3.2 3.2 0 

M-10DH CALIPER/GAMMA 1 -  5.3 5.3 0 

M-10DH ELOG/GAMMA 2 -  32.2 32.2 0 

M-10DH SUSPENSION 2 -  5.4 5.4 0 

M-10DH CALIPER/GAMMA 2 -  4.0 4.0 0 

M-10DH ACOUSTIC TELEVIEWER 2 -  2.8 2.7 0.1 

M-30DH ELOG/GAMMA 1 200.5 201.7 39.9 39.6 0.3 

M-30DH ELOG/GAMMA 2 -  39.9 40.0 0.1 

M-30DH SUSPENSION 1 -  7.1 7.1 0 

M-30DH ACOUSTIC TELEVIEWER 1 -  3.6 3.6 0 

M-30DH ACOUSTIC TELEVIEWER 2 -  3.6 3.6 0 

M-30DH CALIPER/GAMMA 1 -  5.7 5.7 0 

M-30DH ELOG/GAMMA 3 -  37.7 37.8 0.1 

M-30DH SUSPENSION 2 -  4.9 4.9 0 

M-30DH ACOUSTIC TELEVIEWER 3 -  1.4 1.4 0 

M-30DH CALIPER/GAMMA 2 -  3.5 3.5 0 

- PROBE DID NOT TOUCH BOTTOM OF BORING 

 

Table 3.  Boring Bottom Depths and After Survey Depth Error (ASDE) 
 

 

 

BORING 
NUMBER 

MEAN DEVIATION 
AND AZIMUTH 

(DEGREES)  

SURVEY 
DEPTH 
(FEET) 

VERTICAL 
DEPTH 
(FEET) 

DEPTH 
ERROR 
(FEET) 

HORIZONTAL
OFFSET 
(FEET) 

M-10DH 3.9 – N328 196.9 196.4 0.5 13.3 

M-30DH 1.6 – N159 200.2 200.2 0 5.5 

 

Table 4.  Boring Deviation Data Summary 
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Figure 3:  Example of filtered (1400 Hz lowpass) record 
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Figure 4.  Example of unfiltered record 
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NORTH ANNA BORING M-10DH
Receiver to Receiver Vs and Vp Analysis
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Figure 5:  Boring M-10DH, Suspension R1-R2 P- and SH-wave velocities 
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Table 5.  Boring M-10DH, Suspension R1-R2 depths and P- and SH-wave velocities 

 
Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 

Based on Receiver-to-Receiver Travel Time Data - Borehole M-10DH 
         

American Units Metric Units 
Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
8.2 300 740 0.40 2.5 90 230 0.40 
9.8 370 690 0.29 3.0 110 210 0.29 

11.5 370 840 0.38 3.5 110 250 0.38 
13.1 460 970 0.36 4.0 140 300 0.36 
14.8 510 1010 0.33 4.5 160 310 0.33 
16.4 530 960 0.28 5.0 160 290 0.28 
18.0 520 890 0.24 5.5 160 270 0.24 
19.7 500 980 0.32 6.0 150 300 0.32 
21.3 490 960 0.32 6.5 150 290 0.32 
23.0 560 1610 0.43 7.0 170 490 0.43 
24.6 520 2800 0.48 7.5 160 850 0.48 
26.3 550 3170 0.48 8.0 170 970 0.48 
27.9 670 4360 0.49 8.5 200 1330 0.49 
29.5 690 4630 0.49 9.0 210 1410 0.49 
31.2 790 5460 0.49 9.5 240 1670 0.49 
32.8 650 4420 0.49 10.0 200 1350 0.49 
34.5 880 5050 0.48 10.5 270 1540 0.48 
36.1 1000 5900 0.49 11.0 300 1800 0.49 
37.7 1210 6060 0.48 11.5 370 1850 0.48 
39.4 1110 5170 0.48 12.0 340 1580 0.48 
41.0 1000 4980 0.48 12.5 300 1520 0.48 
42.7 890 5850 0.49 13.0 270 1780 0.49 
44.3 730 5650 0.49 13.5 220 1720 0.49 
45.9 690 5420 0.49 14.0 210 1650 0.49 
47.6 880 4900 0.48 14.5 270 1490 0.48 
49.2 970 5460 0.48 15.0 290 1670 0.48 
50.9 1030 5700 0.48 15.5 310 1740 0.48 
52.5 980 5900 0.49 16.0 300 1800 0.49 
54.1 960 5850 0.49 16.5 290 1780 0.49 
55.8 1030 5510 0.48 17.0 310 1680 0.48 
57.4 1170 6010 0.48 17.5 360 1830 0.48 
59.1 1000 5850 0.49 18.0 300 1780 0.49 
60.7 1030 5650 0.48 18.5 310 1720 0.48 
62.3 1070 6290 0.49 19.0 330 1920 0.49 
64.0 1060 6010 0.48 19.5 320 1830 0.48 
65.6 1370 6230 0.47 20.0 420 1900 0.47 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole M-10DH 

         
American Units Metric Units 

Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

67.3 1460 6170 0.47 20.5 450 1880 0.47 
68.9 1150 6290 0.48 21.0 350 1920 0.48 
70.5 1710 5510 0.45 21.5 520 1680 0.45 
72.2 2040 5850 0.43 22.0 620 1780 0.43 
73.8 1690 6350 0.46 22.5 520 1940 0.46 
75.5 1310 5750 0.47 23.0 400 1750 0.47 
77.1 1130 5420 0.48 23.5 340 1650 0.48 
78.7 970 5510 0.48 24.0 290 1680 0.48 
80.4 1150 5750 0.48 24.5 350 1750 0.48 
82.0 1260 5900 0.48 25.0 380 1800 0.48 
83.7 1410 5950 0.47 25.5 430 1810 0.47 
85.3 1460 6010 0.47 26.0 440 1830 0.47 
86.9 1250 6170 0.48 26.5 380 1880 0.48 
88.6 1340 6230 0.48 27.0 410 1900 0.48 
90.2 1590 6410 0.47 27.5 490 1950 0.47 
91.9 1450 6410 0.47 28.0 440 1950 0.47 
93.5 1420 6410 0.47 28.5 430 1950 0.47 
95.1 1350 6170 0.47 29.0 410 1880 0.47 
96.8 1230 5750 0.48 29.5 370 1750 0.48 
98.4 1290 5950 0.48 30.0 390 1810 0.48 
100.1 1520 6410 0.47 30.5 460 1950 0.47 
101.7 1620 6290 0.46 31.0 490 1920 0.46 
103.7 1340 6060 0.47 31.6 410 1850 0.47 
105.0 1400 6290 0.47 32.0 430 1920 0.47 
106.6 2100 6800 0.45 32.5 640 2070 0.45 
108.3 2220 7580 0.45 33.0 680 2310 0.45 
109.9 2500 7330 0.43 33.5 760 2230 0.43 
111.6 3140 6940 0.37 34.0 960 2120 0.37 
113.2 5210 9950 0.31 34.5 1590 3030 0.31 
114.8 4630 11110 0.39 35.0 1410 3390 0.39 
116.5 4760 11900 0.40 35.5 1450 3630 0.40 
118.1 5380 10930 0.34 36.0 1640 3330 0.34 
119.8 4540 12350 0.42 36.5 1380 3760 0.42 
121.4 4220 10930 0.41 37.0 1290 3330 0.41 
123.0 5800 12820 0.37 37.5 1770 3910 0.37 
124.7 5560 11900 0.36 38.0 1690 3630 0.36 
126.3 5250 11700 0.37 38.5 1600 3560 0.37 
128.0 6940 11900 0.24 39.0 2120 3630 0.24 
129.6 5380 13330 0.40 39.5 1640 4060 0.40 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole M-10DH 

         
American Units Metric Units 

Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

131.2 5700 13330 0.39 40.0 1740 4060 0.39 
132.9 4870 13330 0.42 40.5 1480 4060 0.42 
133.9 6140 13330 0.37 40.8 1870 4060 0.37 
136.2 5130 12580 0.40 41.5 1560 3830 0.40 
137.8 6600 15150 0.38 42.0 2010 4620 0.38 
139.4 5380 14180 0.42 42.5 1640 4320 0.42 
141.1 4900 10930 0.37 43.0 1490 3330 0.37 
142.7 6380 13070 0.34 43.5 1940 3980 0.34 
144.4 8950 15150 0.23 44.0 2730 4620 0.23 
146.0 5380 13610 0.41 44.5 1640 4150 0.41 
147.6 6840 14490 0.36 45.0 2080 4420 0.36 
149.3 8600 13890 0.19 45.5 2620 4230 0.19 
150.9 7530 14810 0.33 46.0 2300 4520 0.33 
152.6 6870 11900 0.25 46.5 2090 3630 0.25 
154.2 6730 15500 0.38 47.0 2050 4730 0.38 
155.8 7750 15150 0.32 47.5 2360 4620 0.32 
157.5 10580 18520 0.26 48.0 3230 5640 0.26 
159.1 10580 19050 0.28 48.5 3230 5810 0.28 
160.8 10580 19610 0.29 49.0 3230 5980 0.29 
162.4 10750 17540 0.20 49.5 3280 5350 0.20 
164.0 8440 15870 0.30 50.0 2570 4840 0.30 
165.7 11110 18020 0.19 50.5 3390 5490 0.19 
167.3 8180 17540 0.36 51.0 2490 5350 0.36 
169.0 10580 19050 0.28 51.5 3230 5810 0.28 
170.6 10670 19610 0.29 52.0 3250 5980 0.29 
172.2 10180 16670 0.20 52.5 3100 5080 0.20 
173.9 7890 15870 0.34 53.0 2400 4840 0.34 
175.5 8600 14810 0.25 53.5 2620 4520 0.25 
177.2 9520 17540 0.29 54.0 2900 5350 0.29 
178.8 8440 17540 0.35 54.5 2570 5350 0.35 
180.5 9800 18020 0.29 55.0 2990 5490 0.29 
182.1 10670 17540 0.21 55.5 3250 5350 0.21 
183.7 8600 15500 0.28 56.0 2620 4730 0.28 
185.4 7800 18020 0.38 56.5 2380 5490 0.38 
187.0 8440 17540 0.35 57.0 2570 5350 0.35 

                 
Notes: "-" means no data available at that particular interval of depth.   
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Figure 6:  Boring M-10DH, Caliper, Natural gamma, Resistivity and SP logs 
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Figure 7.  Boring M-10DH, Deviation Projection 
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NORTH ANNA BORING M-30DH
Receiver to Receiver Vs and Vp Analysis
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Figure 8:  Boring M-30DH, Suspension R1-R2 P- and SH-wave velocities 
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 Table 6.  Boring M-30DH, Suspension R1-R2 depths and P- and SH-wave velocities 
 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole M-30DH 

         
American Units Metric Units 

Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
8.2 650 1110 0.24 2.5 200 340 0.24 
9.8 830 1330 0.18 3.0 250 400 0.18 

11.5 870 1160 - 3.5 260 350 - 
13.1 890 1380 0.13 4.0 270 420 0.13 
14.8 960 1680 0.26 4.5 290 510 0.26 
16.4 870 1410 0.19 5.0 260 430 0.19 
18.0 840 1530 0.29 5.5 260 470 0.29 
19.7 760 1390 0.29 6.0 230 420 0.29 
21.3 710 1310 0.29 6.5 220 400 0.29 
23.0 560 1130 0.34 7.0 170 340 0.34 
24.6 1200 2220 0.29 7.5 370 680 0.29 
26.3 1370 2280 0.22 8.0 420 700 0.22 
27.9 1030 1900 0.29 8.5 310 580 0.29 
29.5 1020 1980 0.32 9.0 310 600 0.32 
31.2 810 1630 0.34 9.5 250 500 0.34 
32.8 990 1850 0.30 10.0 300 560 0.30 
34.5 1020 2010 0.33 10.5 310 610 0.33 
36.1 1270 4760 0.46 11.0 390 1450 0.46 
37.7 2210 6600 0.44 11.5 670 2010 0.44 
39.4 2300 7020 0.44 12.0 700 2140 0.44 
41.0 3400 5750 0.23 12.5 1040 1750 0.23 
42.7 2660 7410 0.43 13.0 810 2260 0.43 
44.3 4420 11300 0.41 13.5 1350 3440 0.41 
45.9 5800 10260 0.27 14.0 1770 3130 0.27 
47.6 7490 13610 0.28 14.5 2280 4150 0.28 
49.2 8550 14180 0.21 15.0 2610 4320 0.21 
50.9 7840 15500 0.33 15.5 2390 4730 0.33 
52.5 7090 14810 0.35 16.0 2160 4520 0.35 
54.1 8890 15500 0.26 16.5 2710 4730 0.26 
55.8 9130 19610 0.36 17.0 2780 5980 0.36 
57.4 9260 18520 0.33 17.5 2820 5640 0.33 
59.1 10260 18520 0.28 18.0 3130 5640 0.28 
60.7 9130 17540 0.31 18.5 2780 5350 0.31 
62.3 8230 17090 0.35 19.0 2510 5210 0.35 
64.0 9520 15870 0.22 19.5 2900 4840 0.22 
65.6 9660 19610 0.34 20.0 2940 5980 0.34 
67.3 10930 16670 0.12 20.5 3330 5080 0.12 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole M-30DH 

         
American Units Metric Units 

Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

68.9 8130 14490 0.27 21.0 2480 4420 0.27 
70.5 7250 16260 0.38 21.5 2210 4960 0.38 
72.2 6800 15500 0.38 22.0 2070 4730 0.38 
73.8 9800 19610 0.33 22.5 2990 5980 0.33 
75.5 10420 19610 0.30 23.0 3180 5980 0.30 
77.1 10420 17540 0.23 23.5 3180 5350 0.23 
78.7 10750 17540 0.20 24.0 3280 5350 0.20 
80.4 10750 18520 0.25 24.5 3280 5640 0.25 
82.0 10670 18520 0.25 25.0 3250 5640 0.25 
83.7 10500 18020 0.24 25.5 3200 5490 0.24 
85.3 10340 18520 0.27 26.0 3150 5640 0.27 
86.9 10500 18020 0.24 26.5 3200 5490 0.24 
88.6 10580 18020 0.24 27.0 3230 5490 0.24 
90.2 10670 18020 0.23 27.5 3250 5490 0.23 
91.9 10670 18020 0.23 28.0 3250 5490 0.23 
93.5 10580 19050 0.28 28.5 3230 5810 0.28 
95.1 10750 18020 0.22 29.0 3280 5490 0.22 
96.8 10750 18520 0.25 29.5 3280 5640 0.25 
98.4 10840 19610 0.28 30.0 3300 5980 0.28 
100.1 10750 20200 0.30 30.5 3280 6160 0.30 
101.7 10750 19610 0.28 31.0 3280 5980 0.28 
103.4 10750 18020 0.22 31.5 3280 5490 0.22 
105.0 10580 18020 0.24 32.0 3230 5490 0.24 
107.0 10750 17540 0.20 32.6 3280 5350 0.20 
108.3 10580 18020 0.24 33.0 3230 5490 0.24 
109.9 10340 18520 0.27 33.5 3150 5640 0.27 
111.6 9660 18020 0.30 34.0 2940 5490 0.30 
113.2 10030 18020 0.28 34.5 3060 5490 0.28 
114.8 10580 17540 0.21 35.0 3230 5350 0.21 
116.5 10670 18020 0.23 35.5 3250 5490 0.23 
118.1 10260 19050 0.30 36.0 3130 5810 0.30 
120.1 11020 18520 0.23 36.6 3360 5640 0.23 
121.7 11490 17540 0.12 37.1 3500 5350 0.12 
123.0 7050 14490 0.34 37.5 2150 4420 0.34 
124.7 5950 15150 0.41 38.0 1810 4620 0.41 
126.3 9950 20830 0.35 38.5 3030 6350 0.35 
128.0 10750 19610 0.28 39.0 3280 5980 0.28 
129.6 10930 19610 0.27 39.5 3330 5980 0.27 
131.2 10930 18520 0.23 40.0 3330 5640 0.23 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole M-30DH 

         
American Units Metric Units 

Depth at Velocity   Depth at Velocity   
Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 

Midpoint 
Between 

Receivers Vs Vp 
Poisson's 

Ratio 
(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   

132.9 11020 18020 0.20 40.5 3360 5490 0.20 
134.5 11020 20830 0.31 41.0 3360 6350 0.31 
136.5 10840 19050 0.26 41.6 3300 5810 0.26 
137.8 10670 19050 0.27 42.0 3250 5810 0.27 
139.4 10500 18520 0.26 42.5 3200 5640 0.26 
141.1 10420 18520 0.27 43.0 3180 5640 0.27 
142.7 10750 18520 0.25 43.5 3280 5640 0.25 
144.4 10750 17540 0.20 44.0 3280 5350 0.20 
146.0 10750 18520 0.25 44.5 3280 5640 0.25 
147.6 10930 20200 0.29 45.0 3330 6160 0.29 
149.3 10930 18020 0.21 45.5 3330 5490 0.21 
150.9 11300 18020 0.18 46.0 3440 5490 0.18 
152.6 11110 18520 0.22 46.5 3390 5640 0.22 
154.2 10580 19610 0.29 47.0 3230 5980 0.29 
155.8 10260 17540 0.24 47.5 3130 5350 0.24 
157.5 8830 16670 0.30 48.0 2690 5080 0.30 
159.1 9130 18520 0.34 48.5 2780 5640 0.34 
160.8 10670 18520 0.25 49.0 3250 5640 0.25 
162.4 10930 19610 0.27 49.5 3330 5980 0.27 
164.0 10670 19050 0.27 50.0 3250 5810 0.27 
165.7 10840 20200 0.30 50.5 3300 6160 0.30 
167.3 10840 18520 0.24 51.0 3300 5640 0.24 
169.0 9660 17540 0.28 51.5 2940 5350 0.28 
170.9 9730 17540 0.28 52.1 2970 5350 0.28 
172.2 10670 17540 0.21 52.5 3250 5350 0.21 
173.9 11200 20200 0.28 53.0 3420 6160 0.28 
175.5 10840 18020 0.22 53.5 3300 5490 0.22 
177.2 10750 19610 0.28 54.0 3280 5980 0.28 
178.8 10260 19050 0.30 54.5 3130 5810 0.30 
180.5 10580 19050 0.28 55.0 3230 5810 0.28 
182.1 9590 18520 0.32 55.5 2920 5640 0.32 
183.7 9460 19050 0.34 56.0 2880 5810 0.34 
185.4 10420 17090 0.20 56.5 3180 5210 0.20 
187.0 9520 19050 0.33 57.0 2900 5810 0.33 

                 
Notes: "-" means no data available at that particular interval of depth.   
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Figure 9.  Boring M-30DH, Caliper, Natural gamma, Resistivity and SP logs 
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Figure 10.  Boring M-30DH, Deviation Projection 
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APPENDIX A 
 

SUSPENSION VELOCITY MEASUREMENT 
COMPARISON OF SOURCE TO RECEIVER 1 

AND RECEIVER 1 TO RECEIVER 2 ANALYSIS 
RESULTS 
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NORTH ANNA BORING M-10DH
Source to Receiver and Receiver to Receiver Analysis
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Figure A-1:  Boring M-10DH, Suspension S-R1 P- and SH-wave velocities 
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Table A-1.  Boring M-10DH, Suspension S-R1 depths and P- and SH-wave velocities 
 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole M-10DH 

         
American Units Metric Units 

Depth at 
Midpoint  Velocity   Depth at Midpoint Velocity   
Between 

Source and 
Near Receiver Vs Vp 

Poisson's 
Ratio 

Between Source 
and Near 
Receiver Vs Vp 

Poisson'
s Ratio 

(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
13.0 570 960 0.23 4.0 170 290 0.23 
14.7 590 1000 0.23 4.5 180 310 0.23 
16.3 620 1040 0.22 5.0 190 320 0.22 
18.0 660 1070 0.18 5.5 200 330 0.18 
19.6 590 1070 0.28 6.0 180 330 0.28 
21.2 540 1130 0.35 6.5 160 350 0.35 
22.9 520 1260 0.40 7.0 160 380 0.40 
24.5 490 1450 0.44 7.5 150 440 0.44 
26.2 490 2170 0.47 8.0 150 660 0.47 
27.8 510 3790 0.49 8.5 160 1160 0.49 
29.4 570 4620 0.49 9.0 170 1410 0.49 
31.1 600 4590 0.49 9.5 180 1400 0.49 
32.7 710 4640 0.49 10.0 220 1410 0.49 
34.4 790 4520 0.48 10.5 240 1380 0.48 
36.0 860 4870 0.48 11.0 260 1480 0.48 
37.6 910 5230 0.48 11.5 280 1590 0.48 
39.3 880 5060 0.48 12.0 270 1540 0.48 
40.9 760 5060 0.49 12.5 230 1540 0.49 
42.6 730 5000 0.49 13.0 220 1530 0.49 
44.2 730 5190 0.49 13.5 220 1580 0.49 
45.8 750 5360 0.49 14.0 230 1640 0.49 
47.5 780 5410 0.49 14.5 240 1650 0.49 
49.1 860 5500 0.49 15.0 260 1680 0.49 
50.8 890 5940 0.49 15.5 270 1810 0.49 
52.4 910 6030 0.49 16.0 280 1840 0.49 
54.0 910 6180 0.49 16.5 280 1880 0.49 
55.7 920 6180 0.49 17.0 280 1880 0.49 
57.3 980 6090 0.49 17.5 300 1860 0.49 
59.0 1000 5920 0.49 18.0 310 1800 0.49 
60.6 1040 6030 0.48 18.5 320 1840 0.48 
62.2 1060 6000 0.48 19.0 320 1830 0.48 
63.9 1100 6180 0.48 19.5 340 1880 0.48 
65.5 1160 6030 0.48 20.0 350 1840 0.48 
67.2 1230 5890 0.48 20.5 380 1790 0.48 
68.8 1360 5890 0.47 21.0 410 1790 0.47 
70.5 1590 5860 0.46 21.5 480 1790 0.46 
72.1 1760 5920 0.45 22.0 540 1800 0.45 
73.7 1720 5940 0.45 22.5 530 1810 0.45 
75.4 1360 6060 0.47 23.0 410 1850 0.47 
77.0 1210 5970 0.48 23.5 370 1820 0.48 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole M-10DH 

         
American Units Metric Units 

Depth at 
Midpoint  Velocity   Depth at Midpoint Velocity   
Between 

Source and 
Near Receiver Vs Vp 

Poisson's 
Ratio 

Between Source 
and Near 
Receiver Vs Vp 

Poisson'
s Ratio 

(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
78.7 1180 5920 0.48 24.0 360 1800 0.48 
80.3 1180 5920 0.48 24.5 360 1800 0.48 
81.9 1220 6150 0.48 25.0 370 1870 0.48 
83.6 1270 6210 0.48 25.5 390 1890 0.48 
85.2 1290 6330 0.48 26.0 390 1930 0.48 
86.9 1320 6330 0.48 26.5 400 1930 0.48 
88.5 1330 6590 0.48 27.0 400 2010 0.48 
90.1 1360 6700 0.48 27.5 410 2040 0.48 
91.8 1400 6660 0.48 28.0 430 2030 0.48 
93.4 1370 6590 0.48 28.5 420 2010 0.48 
95.1 1360 6360 0.48 29.0 410 1940 0.48 
96.7 1400 6150 0.47 29.5 430 1870 0.47 
98.3 1370 6150 0.47 30.0 420 1870 0.47 

100.0 1320 6270 0.48 30.5 400 1910 0.48 
101.6 1400 6270 0.47 31.0 430 1910 0.47 
103.3 1440 6390 0.47 31.5 440 1950 0.47 
104.9 1500 6530 0.47 32.0 460 1990 0.47 
106.5 1510 6530 0.47 32.5 460 1990 0.47 
108.5 2000 7030 0.46 33.1 610 2140 0.46 
109.8 2180 7450 0.45 33.5 670 2270 0.45 
111.5 2800 7910 0.43 34.0 850 2410 0.43 
113.1 3230 8440 0.41 34.5 980 2570 0.41 
114.7 3880 10050 0.41 35.0 1180 3060 0.41 
116.4 5700 11010 0.32 35.5 1740 3360 0.32 
118.0 5410 11410 0.35 36.0 1650 3480 0.35 
119.7 5190 11940 0.38 36.5 1580 3640 0.38 
121.3 5100 12170 0.39 37.0 1560 3710 0.39 
122.9 4760 13190 0.43 37.5 1450 4020 0.43 
124.6 5360 12660 0.39 38.0 1640 3860 0.39 
126.2 5750 12790 0.37 38.5 1750 3900 0.37 
127.9 5970 13470 0.38 39.0 1820 4110 0.38 
129.5 5750 13470 0.39 39.5 1750 4110 0.39 
131.1 6030 14550 0.40 40.0 1840 4440 0.40 
132.8 6530 13610 0.35 40.5 1990 4150 0.35 
134.4 5970 13760 0.38 41.0 1820 4190 0.38 
136.1 6590 14390 0.37 41.5 2010 4380 0.37 
137.7 6730 13190 0.32 42.0 2050 4020 0.32 
138.7 6590 14720 0.37 42.3 2010 4490 0.37 
141.0 6300 13050 0.35 43.0 1920 3980 0.35 
142.6 6700 13470 0.34 43.5 2040 4110 0.34 
144.3 6560 14890 0.38 44.0 2000 4540 0.38 
145.9 6730 15440 0.38 44.5 2050 4710 0.38 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole M-10DH 

         
American Units Metric Units 

Depth at 
Midpoint  Velocity   Depth at Midpoint Velocity   
Between 

Source and 
Near Receiver Vs Vp 

Poisson's 
Ratio 

Between Source 
and Near 
Receiver Vs Vp 

Poisson'
s Ratio 

(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
147.6 7110 14070 0.33 45.0 2170 4290 0.33 
149.2 7540 14390 0.31 45.5 2300 4380 0.31 
150.8 8330 13760 0.21 46.0 2540 4190 0.21 
152.5 6490 15070 0.39 46.5 1980 4590 0.39 
154.1 6840 16230 0.39 47.0 2090 4950 0.39 
155.8 8380 16660 0.33 47.5 2560 5080 0.33 
157.4 9240 16440 0.27 48.0 2820 5010 0.27 
159.0 10820 17580 0.20 48.5 3300 5360 0.20 
160.7 11110 18350 0.21 49.0 3380 5590 0.21 
162.3 10380 17580 0.23 49.5 3160 5360 0.23 
164.0 9310 17830 0.31 50.0 2840 5430 0.31 
165.6 9520 17110 0.28 50.5 2900 5210 0.28 
167.2 11200 17830 0.17 51.0 3410 5430 0.17 
168.9 9890 18620 0.30 51.5 3010 5670 0.30 
170.5 11110 18090 0.20 52.0 3380 5510 0.20 
172.2 11010 17830 0.19 52.5 3360 5430 0.19 
173.8 9740 17110 0.26 53.0 2970 5210 0.26 
175.4 9520 17340 0.28 53.5 2900 5290 0.28 
177.1 10130 16880 0.22 54.0 3090 5150 0.22 
178.7 10730 17580 0.20 54.5 3270 5360 0.20 
180.4 10820 17580 0.20 55.0 3300 5360 0.20 
182.0 10380 17830 0.24 55.5 3160 5430 0.24 
183.6 9450 18090 0.31 56.0 2880 5510 0.31 
185.3 9740 16660 0.24 56.5 2970 5080 0.24 
186.9 9380 18090 0.32 57.0 2860 5510 0.32 
188.6 11010 18900 0.24 57.5 3360 5760 0.24 
190.2 11300 18090 0.18 58.0 3450 5510 0.18 
191.8 11010 17830 0.19 58.5 3360 5430 0.19 

                 
Notes: "-" means no data available at that particular interval of depth.   
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NORTH ANNA BORING M-30DH
Source to Receiver and Receiver to Receiver Analysis
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Figure A-2:  Boring M-30DH, Suspension S-R1 P- and SH-wave velocities 
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 Table A-2.  Boring M-30DH, Suspension S-R1 depths and P- and SH-wave velocities 
 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole M-30DH 

         
American Units Metric Units 

Depth at 
Midpoint  Velocity   Depth at Midpoint Velocity   
Between 

Source and 
Near Receiver Vs Vp 

Poisson's 
Ratio 

Between Source 
and Near 
Receiver Vs Vp 

Poisson'
s Ratio 

(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
13.0 690 1280 0.30 4.0 210 390 0.30 
14.7 720 1350 0.30 4.5 220 410 0.30 
16.3 800 1430 0.27 5.0 240 430 0.27 
18.0 820 1460 0.27 5.5 250 440 0.27 
19.6 820 1470 0.27 6.0 250 450 0.27 
21.2 840 1440 0.24 6.5 260 440 0.24 
22.9 790 1480 0.30 7.0 240 450 0.30 
24.5 820 1500 0.29 7.5 250 460 0.29 
26.2 880 1630 0.30 8.0 270 500 0.30 
27.8 970 1850 0.31 8.5 300 560 0.31 
29.4 1060 2080 0.32 9.0 320 630 0.32 
31.1 1170 2270 0.32 9.5 360 690 0.32 
32.7 1220 2620 0.36 10.0 370 800 0.36 
34.4 1250 3070 0.40 10.5 380 940 0.40 
36.0 1280 4250 0.45 11.0 390 1290 0.45 
37.6 1410 5360 0.46 11.5 430 1640 0.46 
39.3 1570 6660 0.47 12.0 480 2030 0.47 
40.9 1780 7030 0.47 12.5 540 2140 0.47 
42.6 2750 7720 0.43 13.0 840 2350 0.43 
44.2 4460 9890 0.37 13.5 1360 3010 0.37 
45.8 4950 10910 0.37 14.0 1510 3330 0.37 
47.5 5460 11510 0.35 14.5 1660 3510 0.35 
49.1 6530 12410 0.31 15.0 1990 3780 0.31 
50.8 7910 13470 0.24 15.5 2410 4110 0.24 
52.4 8330 14720 0.26 16.0 2540 4490 0.26 
54.0 9450 15440 0.20 16.5 2880 4710 0.20 
55.7 10050 17110 0.24 17.0 3060 5210 0.24 
57.3 9890 17580 0.27 17.5 3010 5360 0.27 
59.0 9590 17110 0.27 18.0 2920 5210 0.27 
60.6 9170 18090 0.33 18.5 2800 5510 0.33 
62.2 9310 18090 0.32 19.0 2840 5510 0.32 
63.9 9590 17110 0.27 19.5 2920 5210 0.27 
65.5 9890 17580 0.27 20.0 3010 5360 0.27 
67.2 10050 16660 0.21 20.5 3060 5080 0.21 
68.8 8550 16440 0.31 21.0 2610 5010 0.31 
70.5 7360 15830 0.36 21.5 2240 4820 0.36 
72.1 6660 17580 0.42 22.0 2030 5360 0.42 
73.7 8550 18090 0.36 22.5 2610 5510 0.36 
75.4 11110 19780 0.27 23.0 3380 6030 0.27 
77.0 11110 19180 0.25 23.5 3380 5850 0.25 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole M-30DH 

         
American Units Metric Units 

Depth at 
Midpoint  Velocity   Depth at Midpoint Velocity   
Between 

Source and 
Near Receiver Vs Vp 

Poisson's 
Ratio 

Between Source 
and Near 
Receiver Vs Vp 

Poisson'
s Ratio 

(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
78.7 10910 19180 0.26 24.0 3330 5850 0.26 
80.3 10730 19180 0.27 24.5 3270 5850 0.27 
81.9 10730 19180 0.27 25.0 3270 5850 0.27 
83.6 10730 18620 0.25 25.5 3270 5670 0.25 
85.2 10550 19180 0.28 26.0 3220 5850 0.28 
86.9 10290 18090 0.26 26.5 3140 5510 0.26 
88.5 10380 17830 0.24 27.0 3160 5430 0.24 
90.1 10550 18350 0.25 27.5 3220 5590 0.25 
91.8 10820 19180 0.27 28.0 3300 5850 0.27 
93.4 11010 19180 0.25 28.5 3360 5850 0.25 
95.1 10730 18620 0.25 29.0 3270 5670 0.25 
96.7 11010 19480 0.27 29.5 3360 5940 0.27 
98.3 10730 18350 0.24 30.0 3270 5590 0.24 

100.0 10820 18350 0.23 30.5 3300 5590 0.23 
101.6 11110 19780 0.27 31.0 3380 6030 0.27 
103.3 11010 19480 0.27 31.5 3360 5940 0.27 
104.9 11110 19180 0.25 32.0 3380 5850 0.25 
106.5 10640 18090 0.24 32.5 3240 5510 0.24 
108.2 10640 18620 0.26 33.0 3240 5670 0.26 
109.8 10640 19480 0.29 33.5 3240 5940 0.29 
111.8 10460 18900 0.28 34.1 3190 5760 0.28 
113.1 10290 18620 0.28 34.5 3140 5670 0.28 
114.7 10550 19180 0.28 35.0 3220 5850 0.28 
116.4 10460 19180 0.29 35.5 3190 5850 0.29 
118.0 10820 19480 0.28 36.0 3300 5940 0.28 
119.7 10820 18900 0.26 36.5 3300 5760 0.26 
121.3 10380 18090 0.25 37.0 3160 5510 0.25 
122.9 10210 17110 0.22 37.5 3110 5210 0.22 
124.9 9810 17580 0.27 38.1 2990 5360 0.27 
126.6 10550 16880 0.18 38.6 3220 5150 0.18 
127.9 10820 17340 0.18 39.0 3300 5290 0.18 
129.5 11110 17830 0.18 39.5 3380 5430 0.18 
131.1 11200 18900 0.23 40.0 3410 5760 0.23 
132.8 11110 19180 0.25 40.5 3380 5850 0.25 
134.4 11110 18620 0.22 41.0 3380 5670 0.22 
136.1 11200 19180 0.24 41.5 3410 5850 0.24 
137.7 11110 18900 0.24 42.0 3380 5760 0.24 
139.3 11010 18350 0.22 42.5 3360 5590 0.22 
141.3 11010 18090 0.21 43.1 3360 5510 0.21 
142.6 11010 19180 0.25 43.5 3360 5850 0.25 
144.3 10910 18350 0.23 44.0 3330 5590 0.23 
145.9 10820 18350 0.23 44.5 3300 5590 0.23 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole M-30DH 

         
American Units Metric Units 

Depth at 
Midpoint  Velocity   Depth at Midpoint Velocity   
Between 

Source and 
Near Receiver Vs Vp 

Poisson's 
Ratio 

Between Source 
and Near 
Receiver Vs Vp 

Poisson'
s Ratio 

(ft) (ft/s) (ft/s)   (m) (m/s) (m/s)   
147.6 11010 18620 0.23 45.0 3360 5670 0.23 
149.2 11110 18900 0.24 45.5 3380 5760 0.24 
150.8 11110 18620 0.22 46.0 3380 5670 0.22 
152.5 10910 18900 0.25 46.5 3330 5760 0.25 
154.1 10820 19480 0.28 47.0 3300 5940 0.28 
155.8 10730 19480 0.28 47.5 3270 5940 0.28 
157.4 10130 18620 0.29 48.0 3090 5670 0.29 
159.0 9520 18900 0.33 48.5 2900 5760 0.33 
160.7 9970 19780 0.33 49.0 3040 6030 0.33 
162.3 10550 19780 0.30 49.5 3220 6030 0.30 
164.0 10910 20100 0.29 50.0 3330 6130 0.29 
165.6 10730 20100 0.30 50.5 3270 6130 0.30 
167.2 10910 19780 0.28 51.0 3330 6030 0.28 
168.9 10910 18900 0.25 51.5 3330 5760 0.25 
170.5 10460 18350 0.26 52.0 3190 5590 0.26 
172.2 10730 19180 0.27 52.5 3270 5850 0.27 
173.8 10910 18620 0.24 53.0 3330 5670 0.24 
175.8 11010 18900 0.24 53.6 3360 5760 0.24 
177.1 10910 18620 0.24 54.0 3330 5670 0.24 
178.7 10730 18350 0.24 54.5 3270 5590 0.24 
180.4 10550 18350 0.25 55.0 3220 5590 0.25 
182.0 9380 18350 0.32 55.5 2860 5590 0.32 
183.6 8610 17830 0.35 56.0 2630 5430 0.35 
185.3 9310 18900 0.34 56.5 2840 5760 0.34 
186.9 9970 18350 0.29 57.0 3040 5590 0.29 
188.6 9970 18350 0.29 57.5 3040 5590 0.29 
190.2 10130 19780 0.32 58.0 3090 6030 0.32 
191.8 10910 18900 0.25 58.5 3330 5760 0.25 

                 
Notes: "-" means no data available at that particular interval of depth.   
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APPENDIX B 
 

CALIPER, NATURAL GAMMA, RESISTIVITY,  
AND SPONTANEOUS POTENTIAL LOGS 
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ACOUSTIC TELEVIEWER DIP LOGS 
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BHTV DATA PROCESSING
RGLDIP vsn 6.2
INTERPRETED BHTV DIPS LOG

MACTEC

Borehole: M-10DH

NORTH ANNA

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10
Horiz scale = 1.00x Vert scale

Zone from 196.896 to 2.800ft
Format: BHTV-NESWN

Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

   6.0

   5.0

   4.0

   3.0

Stratigraphic dips

Non-stratigraphic dips

Identified units

N E S W N0° 20° 60° 90°

ARROW PLOT

N315° N45°

COMMENTS

M-10DH 6.648 to 2.800ft   1
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  14.0

  13.0

  12.0

  11.0

  10.0

   9.0

   8.0

   7.0

M-10DH 14.016 to 6.648ft   2
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  21.0

  20.0

  19.0

  18.0

  17.0

  16.0

  15.0

M-10DH 21.384 to 14.016ft   3
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  28.0

  27.0

  26.0

  25.0

  24.0

  23.0

  22.0

M-10DH 28.752 to 21.384ft   4
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  36.0

  35.0

  34.0

  33.0

  32.0

  31.0

  30.0

  29.0

M-10DH 36.120 to 28.752ft   5
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  43.0

  42.0

  41.0

  40.0

  39.0

  38.0

  37.0

M-10DH 43.488 to 36.120ft   6
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  50.0

  49.0

  48.0

  47.0

  46.0

  45.0

  44.0

M-10DH 50.856 to 43.488ft   7
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  58.0

  57.0

  56.0

  55.0

  54.0

  53.0

  52.0

  51.0

M-10DH 58.224 to 50.856ft   8
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  65.0

  64.0

  63.0

  62.0

  61.0

  60.0

  59.0

M-10DH 65.592 to 58.224ft   9
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  72.0

  71.0

  70.0

  69.0

  68.0

  67.0

  66.0

M-10DH 72.960 to 65.592ft  10
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  80.0

  79.0

  78.0

  77.0

  76.0

  75.0

  74.0

  73.0

M-10DH 80.328 to 72.960ft  11
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  87.0

  86.0

  85.0

  84.0

  83.0

  82.0

  81.0

M-10DH 87.696 to 80.328ft  12
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  95.0

  94.0

  93.0

  92.0

  91.0

  90.0

  89.0

  88.0

M-10DH 95.064 to 87.696ft  13
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 102.0

 101.0

 100.0

  99.0

  98.0

  97.0

  96.0

Merge between run 1 and run 2

M-10DH 102.432 to 95.064ft  14
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 109.0

 108.0

 107.0

 106.0

 105.0

 104.0

 103.0

N235 76 Fracture Planar Hairline-fracture

M-10DH 109.800 to 102.432ft  15
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 117.0

 116.0

 115.0

 114.0

 113.0

 112.0

 111.0

 110.0

N250 83 Fracture Planar Hairline-fracture

N336 49 Primary-structure Planar Bedding

N054 84 Fracture Planar Hairline-fracture

N253 79 Fracture Planar Hairline-fracture

N304 49 Fracture Planar Open-fracture

N308 60 Fracture Planar Open-fracture

M-10DH 117.168 to 109.800ft  16

North Anna Boring M-10DH Acoustic Televiewer Dips rev 1 Sheet 16 of 27

MACTEC Engineering and Consulting, Inc.
North Anna 3 Project Project 6468-09-2473

GEOVision Report 9333-01 North Anna 3 Boring Geophysics rev 0 November 3, 2009          Page 82 of 217
DCN# NAP272

Volume 1, Revision 0 Page 359 of 542 DCN NAP307



 124.0

 123.0

 122.0

 121.0

 120.0

 119.0

 118.0

N082 8 Fracture Planar Hairline-fracture

N246 80 Fracture Planar Hairline-fracture

N125 27 Fracture Planar Open-fracture

N148 13 Fracture Planar Open-fracture

N307 59 Fracture Planar Hairline-fracture

N311 63 Fracture Planar Hairline-fracture

N307 73 Fracture Planar Hairline-fracture

N325 32 Fracture Planar Hairline-fracture

M-10DH 124.536 to 117.168ft  17
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 131.0

 130.0

 129.0

 128.0

 127.0

 126.0

 125.0

N154 34 Fracture Planar Hairline-fracture

N327 34 Fracture Planar Hairline-fracture

N145 47 Fracture Planar Hairline-fracture

N154 32 Fracture Planar Hairline-fracture

N136 25 Fracture Planar Hairline-fracture

N112 22 Primary-structure Planar Bedding

N135 16 Primary-structure Planar Bedding

N306 68 Fracture Planar Hairline-fracture

M-10DH 131.904 to 124.536ft  18
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 139.0

 138.0

 137.0

 136.0

 135.0

 134.0

 133.0

 132.0

N073 2 Fracture Planar Hairline-fracture

N320 54 Primary-structure Planar Bedding

N048 14 Fracture Planar Hairline-fracture

N136 21 Primary-structure Planar Bedding

N306 30 Fracture Planar Hairline-fracture

N120 10 Fracture Planar Hairline-fracture

M-10DH 139.272 to 131.904ft  19
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 146.0

 145.0

 144.0

 143.0

 142.0

 141.0

 140.0

N247 76 Fracture Planar Hairline-fracture

N171 22 Fracture Planar Open-fracture

N307 63 Fracture Planar Hairline-fracture

N295 65 Fracture Planar Hairline-fracture

N297 76 Fracture Planar Hairline-fracture

N286 58 Fracture Planar Hairline-fracture

M-10DH 146.640 to 139.272ft  20
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 154.0

 153.0

 152.0

 151.0

 150.0

 149.0

 148.0

 147.0

N254 68 Fracture Planar Hairline-fracture

N124 17 Fracture Planar Hairline-fracture

N247 73 Fracture Planar Hairline-fracture

N075 27 Fracture Planar Hairline-fracture

N330 45 Fracture Planar Hairline-fracture

N090 19 Fracture Planar Hairline-fracture

M-10DH 154.008 to 146.640ft  21
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 161.0

 160.0

 159.0

 158.0

 157.0

 156.0

 155.0

N198 83 Fracture Planar Hairline-fracture

N058 2 Fracture Planar Open-fracture

N118 5 Fracture Planar Open-fracture

N307 66 Fracture Planar Hairline-fracture

M-10DH 161.376 to 154.008ft  22
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 168.0

 167.0

 166.0

 165.0

 164.0

 163.0

 162.0

N020 53 Fracture Planar Hairline-fracture

N138 32 Fracture Planar Hairline-fracture
N118 26 Fracture Planar Hairline-fracture
N110 5 Fracture Planar Hairline-fracture
N146 27 Fracture Planar Hairline-fracture

N032 22 Fracture Planar Hairline-fracture

M-10DH 168.744 to 161.376ft  23
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 176.0

 175.0

 174.0

 173.0

 172.0

 171.0

 170.0

 169.0

N031 20 Fracture Planar Hairline-fracture

N021 46 Fracture Planar Hairline-fracture

N175 27 Fracture Planar Hairline-fracture

N248 4 Fracture Planar Hairline-fracture

M-10DH 176.112 to 168.744ft  24
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 183.0

 182.0

 181.0

 180.0

 179.0

 178.0

 177.0

N112 3 Fracture Planar Hairline-fracture

N219 4 Fracture Planar Hairline-fracture

N014 39 Fracture Planar Hairline-fracture

N290 2 Fracture Planar Hairline-fracture

N156 35 Fracture Planar Hairline-fracture

N160 33 Fracture Planar Hairline-fracture

N287 52 Fracture Planar Hairline-fracture

N142 18 Fracture Planar Hairline-fracture

N082 3 Fracture Planar Hairline-fracture

N192 18 Fracture Planar Hairline-fracture
N333 65 Fracture Planar Hairline-fracture

M-10DH 183.480 to 176.112ft  25
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 190.0

 189.0

 188.0

 187.0

 186.0

 185.0

 184.0

N226 73 Fracture Planar Hairline-fracture

N016 42 Fracture Planar Hairline-fracture

N178 15 Fracture Planar Hairline-fracture

N120 15 Fracture Planar Hairline-fracture

N184 8 Fracture Planar Hairline-fracture

M-10DH 190.848 to 183.480ft  26
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 196.0

 195.0

 194.0

 193.0

 192.0

 191.0

N341 41 Fracture Planar Hairline-fracture

N326 39 Fracture Planar Hairline-fracture

N358 45 Fracture Planar Hairline-fracture

N344 40 Primary-structure Planar Bedding

N352 49 Primary-structure Planar Bedding

M-10DH 196.896 to 190.848ft  27
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BHTV DATA PROCESSING
RGLDIP vsn 6.2
INTERPRETED BHTV DIPS LOG

MACTEC

Borehole: M-30DH

NORTH ANNA

top of borehole.....
East:
North:
Elev:

_
_
_

North ref. is true
Depth units are feet
Vertical scale: 1/10
Horiz scale = 1.00x Vert scale

Zone from 200.200 to 6.000ft
Format: BHTV-NESWN

Borehole diam: 3.860inch
Vertical = borehole-axis
Image: Amplitude

   9.0

   8.0

   7.0

   6.0

Bottom of casing

Stratigraphic dips

Non-stratigraphic dips

Identified units

N E S W N0° 20° 60° 90°

ARROW PLOT

N315° N45°

COMMENTS

M-30DH 9.848 to 6.000ft   1
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  17.0

  16.0

  15.0

  14.0

  13.0

  12.0

  11.0

  10.0

M-30DH 17.216 to 9.848ft   2
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  24.0

  23.0

  22.0

  21.0

  20.0

  19.0

  18.0

M-30DH 24.584 to 17.216ft   3
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  31.0

  30.0

  29.0

  28.0

  27.0

  26.0

  25.0

M-30DH 31.952 to 24.584ft   4
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  39.0

  38.0

  37.0

  36.0

  35.0

  34.0

  33.0

  32.0

M-30DH 39.320 to 31.952ft   5

North Anna Boring M-30DH Acoustic Televiewer Dips rev 1 Sheet 5 of 27

MACTEC Engineering and Consulting, Inc.
North Anna 3 Project Project 6468-09-2473

GEOVision Report 9333-01 North Anna 3 Boring Geophysics rev 0 November 3, 2009          Page 98 of 217
DCN# NAP272

Volume 1, Revision 0 Page 375 of 542 DCN NAP307



  46.0

  45.0

  44.0

  43.0

  42.0

  41.0

  40.0

N052 78 Fracture Planar Hairline-fracture

N062 75 Fracture Planar Hairline-fracture

N232 81 Fracture Planar Hairline-fracture

N334 34 Primary-structure Planar Bedding

N075 82 Fracture Planar Hairline-fracture

N107 29 Fracture Planar Hairline-fracture

N107 22 Fracture Planar Hairline-fracture

N134 25 Primary-structure Planar Bedding

M-30DH 46.688 to 39.320ft   6
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  54.0

  53.0

  52.0

  51.0

  50.0

  49.0

  48.0

  47.0

N231 82 Fracture Planar Hairline-fracture

N062 85 Fracture Planar Hairline-fracture

N333 22 Fracture Planar Hairline-fracture

N130 15 Fracture Planar Hairline-fracture
N146 7 Fracture Planar Hairline-fracture

N059 87 Fracture Planar Hairline-fracture

N339 45 Fracture Planar Hairline-fracture

N340 47 Fracture Planar Hairline-fracture

N321 52 Fracture Planar Hairline-fracture

N075 77 Fracture Planar Hairline-fracture

N332 38 Fracture Planar Hairline-fracture

N327 50 Fracture Planar Hairline-fracture

M-30DH 54.056 to 46.688ft   7
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  61.0

  60.0

  59.0

  58.0

  57.0

  56.0

  55.0

N320 20 Fracture Planar Hairline-fracture

N076 14 Fracture Planar Hairline-fracture

N075 83 Fracture Planar Hairline-fracture

N329 38 Fracture Planar Hairline-fracture

M-30DH 61.424 to 54.056ft   8
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  68.0

  67.0

  66.0

  65.0

  64.0

  63.0

  62.0

N203 4 Fracture Planar Hairline-fracture

N019 33 Primary-structure Planar Bedding

N054 39 Fracture Planar Hairline-fracture
N275 20 Fracture Planar Hairline-fracture
N328 49 Fracture Planar Hairline-fracture

N319 64 Primary-structure Planar Bedding

N323 66 Primary-structure Planar Bedding

N239 16 Fracture Planar Hairline-fracture
N261 7 Fracture Planar Hairline-fracture

N251 3 Fracture Planar Hairline-fracture
N002 1 Fracture Planar Hairline-fracture

N299 27 Fracture Planar Hairline-fracture
N164 5 Fracture Planar Hairline-fracture

M-30DH 68.792 to 61.424ft   9
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  76.0

  75.0

  74.0

  73.0

  72.0

  71.0

  70.0

  69.0

N329 12 Fracture Planar Hairline-fracture

N252 89 Fracture Planar Hairline-fracture

N015 8 Fracture Planar Open-fracture
N008 5 Fracture Planar Open-fracture

N337 62 Fracture Planar Hairline-fracture

N076 34 Fracture Planar Hairline-fracture

N077 28 Fracture Planar Hairline-fracture

M-30DH 76.160 to 68.792ft  10
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  83.0

  82.0

  81.0

  80.0

  79.0

  78.0

  77.0

N075 88 Fracture Planar Hairline-fracture

M-30DH 83.528 to 76.160ft  11
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  90.0

  89.0

  88.0

  87.0

  86.0

  85.0

  84.0

N235 87 Fracture Planar Hairline-fracture

N251 84 Fracture Planar Hairline-fracture

N073 87 Fracture Planar Hairline-fracture

N255 85 Fracture Planar Hairline-fracture

N070 89 Fracture Planar Hairline-fracture

M-30DH 90.896 to 83.528ft  12
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  98.0

  97.0

  96.0

  95.0

  94.0

  93.0

  92.0

  91.0

N282 81 Fracture Planar Hairline-fracture

M-30DH 98.264 to 90.896ft  13
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 105.0

 104.0

 103.0

 102.0

 101.0

 100.0

  99.0

M-30DH 105.632 to 98.264ft  14
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 113.0

 112.0

 111.0

 110.0

 109.0

 108.0

 107.0

 106.0

N257 81 Fracture Planar Hairline-fracture

M-30DH 113.000 to 105.632ft  15
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 120.0

 119.0

 118.0

 117.0

 116.0

 115.0

 114.0

 113.0

N076 84 Fracture Planar Hairline-fracture

N288 10 Fracture Planar Hairline-fracture

M-30DH 120.368 to 113.000ft  16
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 127.0

 126.0

 125.0

 124.0

 123.0

 122.0

 121.0

N322 18 Fracture Planar Open-fracture

N315 10 Fracture Planar Open-fracture

N127 52 Fracture Planar Hairline-fracture

N327 50 Fracture Planar Hairline-fracture

M-30DH 127.736 to 120.368ft  17
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 135.0

 134.0

 133.0

 132.0

 131.0

 130.0

 129.0

 128.0

N064 87 Fracture Planar Hairline-fracture

N068 84 Fracture Planar Hairline-fracture

M-30DH 135.104 to 127.736ft  18
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 142.0

 141.0

 140.0

 139.0

 138.0

 137.0

 136.0

N287 61 Fracture Planar Hairline-fracture

N288 65 Fracture Planar Hairline-fracture

N326 46 Fracture Planar Hairline-fracture

M-30DH 142.472 to 135.104ft  19
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 149.0

 148.0

 147.0

 146.0

 145.0

 144.0

 143.0

N083 76 Fracture Planar Hairline-fracture

N317 52 Primary-structure Planar Bedding
N316 51 Primary-structure Planar Bedding

N275 5 Fracture Planar Hairline-fracture

M-30DH 149.840 to 142.472ft  20
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 157.0

 156.0

 155.0

 154.0

 153.0

 152.0

 151.0

 150.0

N219 84 Fracture Planar Hairline-fracture

N275 68 Fracture Planar Hairline-fracture
N353 3 Fracture Planar Hairline-fracture

N285 68 Fracture Planar Hairline-fracture

N283 66 Fracture Planar Hairline-fracture

N324 45 Fracture Planar Hairline-fracture

N135 44 Fracture Planar Hairline-fracture

M-30DH 157.208 to 149.840ft  21
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 164.0

 163.0

 162.0

 161.0

 160.0

 159.0

 158.0

N333 40 Primary-structure Planar Bedding

N276 3 Fracture Planar Hairline-fracture

N188 20 Fracture Planar Hairline-fracture

N329 45 Fracture Planar Hairline-fracture
N291 76 Fracture Planar Hairline-fracture

M-30DH 164.576 to 157.208ft  22
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 171.0

 170.0

 169.0

 168.0

 167.0

 166.0

 165.0

N320 59 Fracture Planar Hairline-fracture

N320 55 Primary-structure Planar Bedding

N321 55 Fracture Planar Hairline-fracture

N325 54 Fracture Planar Hairline-fracture

N281 67 Fracture Planar Hairline-fracture

N319 61 Primary-structure Planar Bedding

N320 52 Fracture Planar Hairline-fracture

N330 48 Primary-structure Planar Bedding

M-30DH 171.944 to 164.576ft  23

North Anna Boring M-30DH Acoustic Televiewer Dips rev 1 Sheet 23 of 27

MACTEC Engineering and Consulting, Inc.
North Anna 3 Project Project 6468-09-2473

GEOVision Report 9333-01 North Anna 3 Boring Geophysics rev 0 November 3, 2009          Page 116 of 217
DCN# NAP272

Volume 1, Revision 0 Page 393 of 542 DCN NAP307



 179.0

 178.0

 177.0

 176.0

 175.0

 174.0

 173.0

 172.0

N238 84 Fracture Planar Hairline-fracture

N315 59 Fracture Planar Hairline-fracture

N319 62 Fracture Planar Hairline-fracture

M-30DH 179.312 to 171.944ft  24
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 186.0

 185.0

 184.0

 183.0

 182.0

 181.0

 180.0

N164 45 Fracture Planar Open-fracture

N016 53 Fracture Planar Hairline-fracture
N296 4 Fracture Planar Hairline-fracture

M-30DH 186.680 to 179.312ft  25
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 194.0

 193.0

 192.0

 191.0

 190.0

 189.0

 188.0

 187.0

N314 1 Fracture Planar Hairline-fracture

N356 2 Fracture Planar Hairline-fracture

N200 5 Fracture Planar Hairline-fracture

N352 31 Fracture Planar Hairline-fracture

N161 25 Fracture Planar Hairline-fracture

N018 44 Fracture Planar Hairline-fracture

M-30DH 194.048 to 186.680ft  26
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 200.0

 199.0

 198.0

 197.0

 196.0

 195.0

M-30DH 200.200 to 194.048ft  27
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BORING GEOPHYSICAL LOGGING 
SYSTEMS - NIST TRACEABLE CALIBRATION 
PROCEDURES AND CALIBRATION RECORDS 
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GEOVision SUSPENSION PS SEISMIC LOGGER/RECORDER 

CALIBRATION PROCEDURE 

Reviewed 7/21/08 

Objective

The timing/sampling accuracy of seismic recorders or data loggers is required for 
several GEOVision field procedures including Seismic Refraction, Downhole P-S 
Seismic Velocity Logging, and Suspension P-S Seismic Velocity Logging.  This 
procedure describes the method for measuring the timing accuracy of a seismic data 
logger, such as the OYO Model 170 or OYO/Robertson Model 3403.  The objective of 
this procedure is to verify that the timing accuracy of the recorder is accurate to within 
1%.

Frequency of Calibration 
The calibration of each GEOVision seismic data logger is twelve (12) months.  In the 
case of rented seismic logger/recorders, calibration must be performed prior to use. 

Test Equipment Required 
The following equipment is required.  Item #2 must have current NIST traceable 
calibration.

1. Function generator, Krohn Hite 5400B or equivalent 

2. Frequency counter, HP 5315A or equivalent 

3. Test cables, from item 1 to item 2, and from item 1 to subject data logger. 

Procedure
This procedure is designed to be performed using the accompanying Suspension P-S 
Seismic Logger/Recorder Calibration Data Form with the same revision number.  All 
data must be entered and the procedure signed by the technician performing the test.

1. Record all identification data on the form provided. 

2. Connect function generator to data logger (such as OYO Model 170) using test 
cable

3. Connect the function generator to the frequency counter using test cable. 

4. Set signal generator to target frequency specified on data form, 0.25 volt (amplitude 
is approximate, modify as necessary to yield less than full scale waveforms on 
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logger display) peak sine wave. Verify frequency using the counter and note actual 
frequency on the data form. 

5. Set data logger to file length specified on data form and record a data file to disk. 
Note file name on data form. 

6. Measure the duration of 9 complete sine wave cycles on the data file. This 
measurement must be made using the analysis program PSLOG.EXE version 1.00, 
and saved as a .sps pick file. Note the duration in milliseconds in the spaces 
provided on the data form. Calculate average recorded sine wave frequency for 
each channel pair (Hn, Hr, V) by dividing the duration by 9. Note the average 
frequency of each channel pair on the data form. 

7. Repeat steps 4 through 6 until all target frequencies have been recorded, producing 
6 separate data and pick files. 

Criteria 
The average frequency for the nine cycles (obtained by dividing 9 cycles by the duration 
in seconds) must be within plus or minus 1 % of the actual frequency for each of the 6 
records. 

If the results are outside this range, the data logger must be marked with a GEOVision 
REJECT tag until it can be repaired and retested. 

If results are acceptable affix label indicating the initials of the person performing the 
calibration, the date of calibration, and the due date for the next calibration (12 months). 

Procedure Approval 
Approved by: 

John G. Diehl 

Calibration Laboratory Approval (if required): 

Name 

Signature 

President 

Title 

July 21 , 2008 

Date 

Title 

Date 
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~ EDISON ESt'" 

Metrology 
7300 Fenwick Lane 
Wesoninster, CA 92683 
Toll Free: 866-723-2257 

Manufacturer: Oyo 
ModeJ Number: 3403 

Calibration Report 

GEOVisioD Geophysical Services 
1124 Olympic Drive 

Corona, CA 92881-3390 

Page 1 0'4 

IllIIIlllrnitili iliUotinUll 1111 1111 
573794 

Lab Code: 105014-0 

Ambient Temoeraturc: 23°C 
Ambient Humidity: 56% RH 

Description: Unit, Suspension Telemetry Condition As Found: In Tolerance 
Asset Number: 160023 Condition As Left: In Tolerance - No Adjustment 
Serial umber: 160023 Calibration Date: 0711712009 
Cal. Procedure: Customer Calibration Due Date: 07/17/2010 
PO Number: 9200-090716-01 Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document M01 3987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4. 

Standards Utilized 
1.0. No. Manufacturer Model No. Description Cal. Date Due Date 
5 1-01252 Hewlett Packard 5335A OPT 010,203040 Counter, Universal 01 /2912009 07/29/2009 
S1-01347 Hewlett Packard 3325A Generator, Function, Synthesizer 05/04/2009 11/04/2009 

Sl -03686 Fluke 910 Standard, Frequency, Controlled, Gps 01/24/2009 01/24 /2010 

Calibration Performed By: Quality Reviewer: 
/' 

C;X1 ~~:iiS-l ~ 7f-'LO!-Branson, Craig A M etrologist 714-895-0714 
Name Tide Phone am. 

This report may not be reproduced, except in full , without written permission of this laboratory. This report must not be used by the client to cla im product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab 
code 105014-0, and In compliance with ISOIIEC 17025:2005, ANSIINCSL Z540-1-1 994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncertainty stated Is the expanded uncertainty of the measurement, where k=2. 
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Test o. 573794 
Asset No. 160023 

STEP FUNCTIO 
NUM TESTED 

CH HN 
Frequency 
Sine Wave 

I 

I 

I 

I 

I 

CHHR 
Frequency 
Sine Wave 

I 

I 

I 

I 

I 

CII V 
Frequency 
Sine Wave 

I 

I 

I 

Remarks: 

MutlCnu CPM: YtnlOlll.}. l (p1O!dJfonnl) 
Sn; DUI, (9S48AFJf).O<D4C9F.AEEF.IIEFS60BC4Slj (e) 

Do< DU/, IABIOF47E4CSF46SO-9ICB·AOSA71EJ6IClj (0) 

Custom Specification Report 
Oyo 3403 Unit Suspension Telemetry, , 

NOMINAL 
VALUE 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

AS FOUND AS LEFT 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

ATTACHMENT 2 
Page 1 of2 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Page 2 of4 

Out CALmRATIO 
of 

TOLERANCE Tol 

49.50 to 50.50 Hz 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500) 

198.0 to 202.0 Hz 
[EMU 0.001000] 

495.0 to 505.0 Hz 
]EMU 0.002500] 

990 to 1010 Hz 
]EMU 0.005000] .-
1980 to 2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 Hz 
[EMU 0.000250) 

99.0 to 101.0 Hz 
)EMU 0.000500] 

198.0 to 202.0 Hz 
(EMU 0.001000] 

495.0 to 505.0 Hz 
(EMU 0.002500] 

990 to 1010 Hz 
]EMU 0.005000] 

1980 to 2020 Hz 
]EMU 0.010000] --
49.50 to 50.50 Hz 
(EMU 0.000250) 

99.0 to 101.0 Hz 
(EMU 0.000500( 

198.0 to 202.0 Hz 
[EMU 0.001000] -
495.0 to 505.0 Hz 
]EMU 0.002500) 

Customer 
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Test o. 573794 
Asset o. 160023 

STEP FUNCTIO 
NUM TESTED 

CHV 
Frequency 
Sine Wave 

I 

Remarks: 

MudCDu CPM: VusltHll.2.2 (Pro/esslollal) 
s,. OUf: (9J48AF'JD-CUD-4C9F-A6£F'-lIEF'J60BC4S1j (e) 

Doc DUf: (ABfOF41E-4CJF'-46J0-9fCB-AOJA71EJ6fCf) (0) 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, 

NOMINAL 
VALUE 

1000 Hz 

2000 Hz 

AS FOUND AS LEFT 

998.9 

2000 

ATTACHMENT 2 
Page 2 of2 

Same 

Same 

Page 3 of 4 

Out CALmRATION 
of 

To! TOLERANCE 

990 to 1010 Hz 
IEMU 0.005000) 

1980 to 2020 Hz 
IEMU 0.010000J 

Customer 
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7'j '1 .. ~ L\ 
l~oOZ-J 

~ 7 ~"1 '1' L-f 

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

Counter mfg.: 
Serial no.: 
By: 
Signal generator mfg.: 
Serial no.: 
By: 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 
Delay: 
Stack (1 std) 

Oyo Model no.: 
-;1==6~00;:-:2;:-;3:---------Calibration date: 

3403 
7/17/2009 

..:C:..:.r=ai~g..:B:..:.ra=n..:.::s:.::o.:.:n _____ Due date: 7/17/2010 

-,::H,=e7w7'e~tt~-p:-:a==c:;.k:.::a.:.:rd=------ Model no. : 
2626A09881 Calibration date: 

-::S:'.:C:=EC'-:#7::S:-71.:::_0:'71";:-:25:"::2:------ Due date: 

5335A 
1/29/2009 
7/29/2009 

-'::H'=e7w:,:.;'e~tt~-P:-:a~c=k:.::a.:.:rd=------Model no.: 
-::2;.:;,6,:::52:;:.A,;.:2=-'5;..:6:..:4.;-,7::-:-:::--____ Calibration date: 
..=S..=C..::E'-"#..=S'-"1.:...;-0'-"1.;..34.:...;7 _____ Due date: 

3325A 
5/4/2009 
11/4/2009 

8 
10KHz 
See sample period in table below 
o 

System date = correct date and time 7/17/2009 10(0( 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +/- 1% of actual frequency at all data paints. 

Maximum error ((AVG-ACT)/ACT"100)% As found -0. ((/. As left 

Target Actual Sample File Time for Average Time for Average Time for 
Frequency Frequency Period Name 9 cycles Frequenc~ 9 cycles Frequency 9 cycles 

(Hz) (Hz) (microS) Hn (msec\ Hn (Hz) Hr (msec) Hr (Hz) V (msec) 
50.00 50.00 200 401 /10. DO ~0.()11 /8e>. t>0 ,0.00 I 'at>. 00 
100.0 100.0 100 402 '1000 /&1&1 . 0 "ft>. 00 /OD . O 'tt>.oo 
200.0 200.0 50 403 'fli . OO z..ot> . t> L(~. 00 z.oo. o 4'5'.0 0 

500.0 500.0 20 404 I go.t>o ,>00. 0 / <4.00 '5'00,0 1'il.oO 
1000 1000 10 405 q.ooc> /ObC q.oot> 1t!>t>O ., . 010 
2000 2000 5 406 4. "ioc> z.~co L/.$'oo z...060 10(. ,00 

_0 " ' / 

Average 
Frequency 

V (Hz) 
5'000 
/t!>o.o 
LCD. 0 

5'00 . 0 
qqx q 
2..,bOO 

Calibrated by: Craig Branson 7/17/2009 0~ 
Name Date Signature 

Witnessed by: Robert Steller 7/1712009 ~ ?5<--
Name Date 

Sus ens ion PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 



Date: 10/16/2009 Certificate #: 749437

Certificate of Calibration

MICRO PRECISION CALIBRATION, INC.

GARDEN GROVE CA. 92841-1823

Lab # AC-1274

714.901.5659

12686 HOOVER STREET 

IN TOLERANCE

 
The UUT (unit under test) was calibrated using the customers procedures in our Garden Grove lab.
The UUT was operated by the customers personnel and data collection was observed by MPC personnel.
The UUT was found to be in tolerance to customer supplied specifications. The reference standards used
are in complience with ISO/IEC 17025:2005, ISO9001:2000, ANSI/NCSL Z540-1-1994 and laboratory
accreditiation for lab code 935.11. Frequency is accredited. Measurement uncertainity is 0.2 x E12 Hz.
Please see attached data sheet.

Customer:

1124 OLYMPIC DRIVE
GEOVISION

MPC Control #: AM6767 Serial Number: 160023

Manufacturer: OYO
Model Number: 3403

Gage Type: LOGGER
Received Condition:

FTemp./RH: 73 45

Performed By: KYU HAN

Cal. Interval: 12 MONTHS
Cal. Due Date: October 12, 2010

Cal Date: October 12, 2009
Returned Condition:

/

Department: N/A

61143Work Order:

Asset ID: 160023

Size: N/A
%

9333-100601-001Purchase Order:

IN TOLERANCE

*Calibration Notes:

CORONA, CA, 92881

°

Cal. Due DateI.D. Description Model

Standards Used To Calibrate Equipment
ManufacturerSerial Traceability #

AM4000 WAVEFORM GENERATOR 33250A 7/15/2010AGILENTMY40000703 662404

T1100 COUNTER 53131A 1/12/2010HEWLETT PACKARD3546A09912 646688

Found conditions meet or exceed manufacturer specifications.

Page 1 of 1 (CERT, Rev 0)

Calibrating Technician:

KYU HAN

QC Approval:

Tammy Webster
Unless Otherwise Noted, Uncertainty Estimated at >= 4 to 1. Uncertainties have been estimated at a 95 percent confidence level (k=2). Services rendered comply with ISO 17025:2005, ISO 9001:2000,  ANSI/NCSL
Z540-1, MPC Quality Manual, MPC CSD  and with customer purchase order instructions.

Calibration cycles and resulting due dates were submitted/approved by the customer.  Any number of factors may cause an instrument to drift out of tolerance before the next scheduled calibration.  Recalibration
cycles should be based on frequency of use, environmental conditions and customer's established systematic accuracy.  The information on this report, pertains only to the instrument identified.

All standards are traceable to the National Institute of  Standards and Technology (NIST).  Services rendered include proper manufacture's service instructions and are warranted for no less than (30) days.  This
report may not be reproduced in part or in whole without the prior written approval of the issuing MPC lab.
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AM 6767 
IJlOOphysi.ca1 services 

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg. : .;O~y:.::o==,.--_______ Model no.: 
Serial no.: 160023 Calibration date: 
By: .;C:::,h:=a:.,:rle::.:s:...,C::;a::.:rt,:;:e::..,r _____ Due date: 

Counter mfg.: Hewlett-Packard Model no.: 
Serial no.: ..:3:.,::5...:,46::..:a:;,:0:.,::9..:,9c.,;12=--_____ Calibration date: 
By: .,::M:,::ic:::r,::op!:,;r..::e.::ci:::;si.::on'-'--_____ Due date: 

Signal generator mfg.: .;.A.:;;g~ile:::n,:,:.t== ______ Model no.: 
Serial no. : MY40000703 Calibration date: 
By: -7M"'ic'-r:..:op:.,::r:::..e:..;ci,..::si:.,::on- -----Due date: 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 
Delay: 
Stack (1 std) 
System date = correct date and time 

PROCEDURE: 

2 
10KHz 
See sample period in table below 
o 

10/1212009 

3403 
10/1212009 
10/12/2010 

53131A 
1/1212009 
1/1212010 

33250A 
7/15/2009 
7/15/2010 

Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on dala form. 
Pick duration of 9 cycles using PSLOG.EXE program. nole duration on data form. and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +/-1% of actual frequency at all dala points. 

Maximum error «AVG-ACT)/ACT'100)% As found +0.20% 

Target Actual Sample File Time for Average Time for Average 
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr(Hz) 
50.00 50.00 200 2 180.2 49.94 179.8 50.06 
100.0 100.0 100 3 90.00 100.0 90.10 99.9 
200.0 200.0 50 4 44.95 200.2 44.95 200.2 
500.0 500.0 20 5 18.00 500.0 18.00 500.0 
1000 1000 10 6 9.000 1000 8.990 1001 .1 
2000 2000 5 7 4.495 2002 4.505 1998 

Calibrated by: Charles Carter 10/12/2009 
Name Date 

As left + 0.20% 

Time for Average 
9 cycles Frequency 
V (msec) V (Hz) 

180.2 49.94 
90.00 100.0 
44.95 200.2 
18.00 500.0 
9.000 1000.0 
4.500 2000 

Signature 

Witnessed by: Kyu Han 10/12/2009 ~ 
Name Date .~ 

Sus ension PS Seismic Recorder/Lo er Calibration Data Form Rev 2.0 Jul 21. 2008 



 

 
 
 
 
 
 

APPENDIX E 
 

BORING GEOPHYSICAL LOGGING 
FIELD DATA LOGS 
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geophysical services 

~M-,-,-tC%..oD",,-,--,-H __ BORING GEOPHYSICS FIELD LOG SUMMARY 
Borehole' 

SITE*: 
CLIENT': 
AUTHOR': 

CONTACT: 

DATE*: ~l'~/~~ 
JOB* : q6~~ 

~~-----------

PAGE": OF __ _ 

PHONE: ______________ _ 

BOREHOLE CONSTRUCTION: CAS_E_D ____ ~. _ UNCASED _Xf'--___________ _ 
DIAMETERS AND DEPTH RANGES: 3.~- 0 TO ZC>I . ~ f=T ; __ , ____ TO __ _ 
BOREHOLE TOTAL DEPTH AS DRILLED': 
SURFACE CASING?: YES~ DEPTH TO BOTTOM OF CASING 81·SC"t- ; NO ___ _ 
DEPTH TO BEDROCK: .... '70PT" 

BOREHOLE FLUID: WATER~; FRESH WATER MUD __ ; SALTWATER MUD __ ; 

LOGGING CREW: \J, 'one..v\,u" C.&-rW 

LOG TYPE' FILE NAME* DEPTH RANGE* DATE* TIMES* 

~L..060 ~\OD~~L.O&.\)pei 2-d;./ - ~(, t=-r 1)11./20Q'l lO:3~- Il~'+' 
S \)~ P t1 lOOl'U".sppoWllld, 28.0...,- S-~,OM lfJ/~/2.bb' /1./: z,l(... I~: I I 

ATV 110\ 1 ODH AU",. 0.1- 8.,"t-I"" .. <tFT' '1/ l(,l~6df' /Go: ,~- I' ~S''2.. 
G~/..IPEj(l .. MIODH~L.VPb.:t 

,..8'i..-_ ""}'fJoV; '//(,/1.001 t:r.· 2-'1-. (7-::Ie 
6L.OG. M/ODl\e/.O«TESRn AJ/I't "i /U./2i' 0 'i 13:03 .... 1310S-

C.AI../ P~Q. MIOD/~G~LTtSTC-L III/A 9/1t.12n6'i 1~:o9-1?-:1I 

l<:#H.IPt-L M JI) n~ .::AL WST£r.t NLI4. CfjI{'/2t>o9 f7:S'o-/7-:n 

-

ITEMS WITH • MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 
1151 1'011/0./1" It'll"". I III/ I'. ( ""'/III. / .-1 ').',~s ·, "II (')511 Uti 1!5·' I \' IllS I I .,19., ..'3" 



MACTEC Engineering and Consulting, Inc.
North Anna 3 Project Project 6468-09-2473

GEOVision Report 9333-01 North Anna 3 Boring Geophysics rev 0 November 3, 2009          Page 132 of 217
DCN# NAP272

Volume 1, Revision 0 Page 409 of 542 DCN NAP307

ELOG FIELD LOG REV 1 1a 

GE~USZO/l 
geophysical services 

Borehole" 

SITE": 1'4 D(~ f\ Mt::\. 
CLIENT": MCI (/re c. 
AUTHOR": ...:..:..;":::"'~~o!,,,:(\:.J,;.""~-:-\.t.,;--:l.:---------

CONTACT: _______________________ PHONE: O~ff~C~e=II ______ _ 

CONTACT: _______________________ PHONE: Off~C~e~II ______ _ 

CONTACT: _______________________ PHONE: Off~C~e~II ______ _ 

CONTACT: _______________________ PHONE: O:..:..ff--=C::..:e::..:I1 ______ _ 
COMPANY: ____________ _ 

GENERAL SITE CONDITIONS/LOCATION: _____________________________ _ 

COUNTY: RANGE: TOWNSHIP: SECTION: __ 
BOREHOLE CONSTRUCTION: CASED UNCASED_X _ _ 
DIAMETERS AND DEPTH RANGES : :3:g;-0 TO 2..D1 . , r,. ; __ , TO __ __ 

BOREHOLE TOTAL DEPTH AS DRILLED": 2f;JJ 8fT 

SURFACE CASING?: YES~ DEPTH TO BOTTOM OF CASING 8'=t,8fT; NO_ 
DEPTH TO BEDROCK: ...... '0 DEPTH TO WATER TABLE: tV/A 
BOREHOLE FLUID: WATER~; FRESH WATER MUD __ ; SALT WATER MUD __ ; 

OTHER:__:_ _______ --==--___:_-----,------=.,....-::c--::-___________ =-::.,....,.,-___ -::-:---:----
DEPTH TO BOREHOLE FLUID: "'./A TIME SINCE LAST CIRCULATION:.--"w4-/ICI. ... ~_ 

LOGGING CREW: v.c."'1~ It.~, {;, uvt<r 
VEHICLE(S) USED AND MILEAGE: _______________________ _ 
MOBILIZED FROM: fn;;.k..-r,,~sl.\I..., vA DEPARTURE TIME:_~=:~J .'---__________ __ 
ARRIVED ON SITE:---1!1/'-1.:i":!--__________ _ 
STANDBY TIME: _ _ ~~'Pl""__ ____ _ CAUSE: ____________ _ 

ITEMS WITH " MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 

GEOJlisioll GeopltJ'sicnl S'!TI'ices 1/24 O(Ylllpic Drive, CorOlln, CA 92881 Pit (951) 549· 1234 Fx (951) 549·1236 
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ELOG FIELO LOG REV 1.la 

geophysica.l services 
_M_-_IO_D~I.J ___ ELOG FIELD LOG 

Borehole' 

SITE': (\\ orfh 4\'1'11',4. DATE': 
CLIENT": ....:M....:....:..:~,,;.:t;::::.:'''''--____ _ _ ___ JOB·: 
AUTHOW: \J G;ot)2Ii \a1 PAGE: 

'i 333 
PAGE 2 OF 2 

WINCH: COM PROBE SILVER)<. OYO RG ___ OTHER. ____ _ 
MICROLOGGER' 5310~5772 ~OTH~ 
ELOG PROBE' 5490 y.. OTHER 
SHEAVE' COM PROBE OYO 10 1D10-;:r@-x.r;17.0U;r--]-------;R::-:;G~D-,--

PROBE LENGTH 
PLUS YOKE 10.0M (32 .S FT)* 
MINUS CASING STICK-UP' 
DEPTH REF. OFFSET AT START' 
DEPTH REF. OFFSET AT END' 
AFTER SURVEY DEPTH ERROR' 

START 
LOG NAME' DEPTH' 

MI®oH ELDIii IJf>I?>j. looo.\ 
M \ 0 "1/1.,,, " . ....".. ~~ /JIll, 

MAINTENANCE PERFORMED ON SITE' : 

EQUIPMENT PROBLEMS OR FAILURES': 

SUGGESTIONS. ADDITIONS, CHANGES: 

2.50M(S.20 FT) 
3 U,. "t:'t' 
/.""rr } 

3?S'fr EF TO GROUND SURFACE 
39H~ r= rJ 

(d.ey; ~ r 

START END END 
TIME DEPTW TIME 

\ ~'. a<" .., 8('Fr 13:C(f" 
13: 0 .:S I\l)~ I.~ \ or-

(N/A if none) 

(NJA if none) 

ITEMS WITH ' MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 

GEOVisioll Geophysical Services llU Olympic Drive, Coro/III, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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P-s FIELD LOG REVV1.4 

GE~USIO/2 
geophysical services 

~('\;.......~ l:..-DD::...;,.#:..-..-_P-S SUSPENSION VELOCITY FIELD LOG REV 1.4 
Borehole CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 

SITE": NOl'h, ~/WI. DATP: 4 ..... ('-/~"-'/~_' ____ _ 
CLIENT": V"\t:\G.+ec.. JOB*: .... 'j~.3-:-33 ________ _ 
AUTHOR*: \/ ~ofl~lq~ PAGE 1 OF_*_'1"--__ 

CONTACT: PHONE: Off Cell --------------- -----------
CONTACT: PHONE: Off Cell ------------------- ----------------
CONTACT: PHONE: Off Cell ---------------- --------------
CONTACT: ________________ __ PHONE: Off Cell ________ _ 

DIRECTIONS TO SITE: _________________________________ _ 

GENERAL SITE CONDITIONS/LOCATION: 

COUNTY: ____ RANGE: ____ TOWNSHiP.;...: ___ SECTION: ____ _ 
____ UNCASED ....;..)< __ _ BOREHOLE CONSTRUCTION*: CASED 

DIAMETERS AND DEPTH RANGES": 3.15" OTO ZO(-9F1- ; __ , ..;.TO~ ___ _ 

BOREHOLE TOTAL DEPTH AS DRILLED": .=::;2,::;:0.:..,:/,,.!.9..:.,p,.!.t-____ -:. 

SURFACE CASING?: A DEPTH TO BOTTOM OF CASING 8f.9J7t ; NO -----
DEPTH TO BEDROCK: -'0 DEPTH TO WATER TABLE: _N:..::l!l~ __ _ 
BOREHOLE FLUID: WATER-A-; FRESH WATER MUD __ ; SALT WATER MUD;;.:; ____ _ 

OTHER:~ __________________________________ r_----
DEPTH TO BOREHOLE FLUID": N.:::,j/uA::....... __ TIME SINCE LAST CIRCULATION: _N....I../.:...A~ ___ _ 

/TEMS W/TH .. MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic Drive, Corona, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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GE~USton 
p-s FIELD LOG REVV1 4 

geophysical services 
.L...;M:.....:,-I.=OD:::..:..!#-l __ P·S SUSPENSION VELOCrTY FIELD LOG REV 1.4 

Borehole CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 

SITE·: tV" r~ #., f.) I'll'" DA TE·: q--,I_I_/',-,/~::;;....;;....~..:..1 ____ _ 
CLIENT·: "'/I4crt-u. JOB": "'t3.33 

.~7--------
AUTHOR·: \l abnZ4'% PAGE 2 OF_"_~-I--__ 

LOGGING CREW: V G,ot19t:+/vI .. C. Co.rfC/ 
MOBILIZED FROM: F~c.A:;~~"u.,. VA DEPARTURE TIME:---,-t;.._: '...!l.l ______ _ 
ARRIVED ON SITE :_T....:....:..~ ,.....;,'---____ _ 
STANDBY TIME: tV/#- CAUSE: _______ _____ _ 

LOGGI NG STARTED:_l.:....'1-':..=2..:....:." ____ _ LOGGING COMPLETED:--,-)~:..:..: "-"11 ____ _ 

BATIERIES CHANGED BEFORE LOGGING: YES __ ; NO~; STORED WITH NEW __ 
WINCH COM PROBE 0 GREY~ OYO D RGO OTH __ 
INSTRUMENT" OYO 120040 150148 19029B RG 160023G] 1600240 
RECEIVER SIN" 12008 0 20042 26066 11 001 0 23053 0 30086 [& 
ISOLATION TUBE SIN" 300083~ 240530 280680 28072 0 2M _= __ _ 
SHEAVE" COMPROBE D OYO 10G1Oi~]10{] RG 0 
MICROLOGGER" 5310 D 5772 [B NOT APPLICABLE (OYO) 0 
PROBE OFFSET" OYO 2.0M 0 RG 2.5M ~ 
MINUS CASING STICK-UP" 0.4""1 } 
DEPTH REF. OFFSET AT START" 2 ·04"... REF TO GROUND SURFACE 
DEPTH REF. OFFSET AT END" Z-.l)3 "'" 
AFTER SURVEY DEPTH ERROR" Q. 0 I r\I\ 

START START END END 
LOG NAME" DEPTH* T IME DEPTH * TIME 

I Mlo~v.sPD~wtJ #)1. 28·ot-\ 14:2..'1 ~?o~ 1'\: II 

MAINTENANCE PERFORMED ON SITE·: _iJ.J../.:...;;A'---_________ --->.;.(N...:.;./A:....:...;.;.if...:..;n..:..;on..:..::e:.L) 

EQUIPMENT PROBLEMS OR FAILURES": 1IJ~/:...r:44"--------------"'(N...c../A'-'-'-if-'-'n..:..on-'-'eJ..) 

DEVIATIONS FROM TEST PLAN*: ~tJ..q./.£4L-_____________ ....l(:....:;N/...:.;.A:....:;if'-'-n.;..;:o.:...:..ne;;;.L.) 

ITEMS WITH * MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic Drive. Corona. CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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p-s FIELD LOG REV 1.4 

N-IV DJ4 GEOVISION SUSPENSION LOGGING FIELD NOTES 
S ITE*: No,...-th 1\1\/'9,. DA TE*:_"'-')-'-)/'-II=UJ._~£--____ _ 
CLlENT*: M(:\Clt-~ JOB*:....J''''''33'''''-3=--____ -,--__ 
AUTHOR*: 1/ G,OI)f,"lly. PAGE* '4 OF_t-ff---__ 

ITEMS WITH * MUST BE COMPLETED OTHER INFORMA TION IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO*. FILE NO*. (if any) CASING, WATER, ROCK, ETC 

20.5 67.26 
21 .0 68.90 
21 .5 70.54 
22.0 72.18 
22.5 73.82 
23.0 75.46 
23.5 77.10 
24.0 78.74 
24.5 80.38 
25.0 82.02 
25.5 83.66 
26.0 85.30 
26.5 86.94 
27.0 88.58 
27 .5 90.22 
28 .0 91 .86 001 \~:2...~ 
28.5 93,50 o D 2.-
29.0 95,14 00 ~ 
29.5 96,78 004 
30.0 98.43 oor" 
30.5 100,07 00" 
31 .0 101 ,71 0 0 1-
31 .5 103.35 oo~ 

32.0 104,99 1).1 
32.5 106.63 /)(0 

33,0 108.27 OIl 
33,5 109.91 /')1'2 
34,0 111 .55 tJI3 
34,5 113.19 6/~ 

35.0 114.83 of/) 
35.5 116.47 0((, 
36.0 11 8.11 {)11' 
36.5 119.75 'l11S 
37.0 121.39 DI"I 
37.5 123.03 oz..o 
38.0 124.67 °Ll 
38.5 126.31 tJ 1-~ 
39.0 127.95 oz.!. 
39,5 129.59 D LV 
40.0 131.23 02./5' 
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p-s FIELD LOG REV 1.4 

(\A.-IDJ)~ GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE"; No-rt ~ 1\,,, i\.". DA TE .. ;_<t-'-+-I_11.+'/2 ..... 'tJ<-.::O-!.-~ ____ _ 
CLIENT"; fv\qCtt ~ JOB .. ;---'-H=..;3:;...;3'--_ _ ____ _ 
AUTHOR"; V ctoy)znltRz PAGE" l( OF_li-+--__ 

ITEMS WITH" MUST BE COMPLETED OTHER INFORMA TlON IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO·. FILE NO· . (if any) CASING, WATER, ROCK, ETC 

40.5 132.87 ou. 
41.0 134.51 O~ 
41 .5 136.15 oz,e 
42.0 137.80 oz.,.<j 
42.5 139.44 030 
43.0 141.08 all 
43.5 142.72 0\'2... 
44.0 144.36 oH 
44.5 146.00 ~3J.. 
45.0 147.64 o~S-
45.5 149.28 0.3' 
46.0 150.92 0 37 
46.5 152.56 038 
47.0 154.20 O?f 
47.5 155.84 oVo 
48.0 157.48 ~C( I 
48.5 159.12 0 47..-
49.0 160.76 0<1; 
49.5 162.40 0'('1 
50.0 164.04 o"f~ 
50.5 165.68 DI.{(, 

51.0 167.32 () '/7 
51.5 168.96 1)49 
52.0 170.60 ()4.:t 
52.5 172.24 'S-o 
53.0 173.88 ~I 

53.5 175.52 C~2.. 

54.0 177.17 Of'3 
54.5 178.81 I>$"'I 
55.0 180.45 os~ 

55.5 182.09 oS'"" 
56.0 183.73 o~ 
56.5 185.37 "" 57.0 187.01 OS" I~: " 
57.5 188.65 
58 .0 190.29 
58.5 191 .93 
59.0 193.57 
59.5 195.21 
60.0 196.85 
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ACOUSTIC TELEVIEWER LOG FORM 1.1.pdf 

G~UStOIZ 
geophysical services 

_M-,---,-'6....:....P..:..:..H_ACOUSTIC TELEVIEWER FIELD LOG Rev 1,1 
Borehole" GEOV/S/ON HI·RES ACOUSTIC TELEVIE'NER PROCEDURE VI.O/ 

SITE' : Nbt"'+" AI\(')~ DATE': ~ . If.,/2..0O<f 
CLIENT' : ~ct,'- JOB':-Jju:J=?>3"'-_ _ _ _ ___ _ 
AUTHOR': \J Co v'l i!"' k,q, PAGE 1 OF 2 
REVIEWER: (post field work) 

CONTACT: ________________________ PHONE: Off~C~e~II ____________________ _ 

CONTACT: ________________________ PHONE: Off;.;........;;C;;..;:e"'-II ____________________ _ 

g~~~;~Y: ________________________ PHONE: O~ff_C~e~II ____________________ _ 

GENERAL SITE CONDITIONS/LOCATION: ________________________________ _ 

COUNTY: RANGE: TOWNSHIP: SECTION: __ __ 
BOREHOLE CONSTRUCTION: CASED __ UNCASED X. 
DIAMETERS AND DEPTH RANGES: 5 . ~ n 0 TO 2..0(, .,..-p:;:; ___ . TO ___ _ 

BOREHOLE TOTAL DEPTH AS DRILLED' : 2.0 ( , Cf Pr 

SURFACE CASING?: YES~ DEPTH TO BOnOM OF CASI NG 81.8U NO_ 
DEPTH TO BEDROCK: ..... 10 F r- DEPTH TO WATER TABLE: f'J/14. 
BOREHOLE FLUID: WATER~; FRESH WATER MUD _ _ ; SALT WATER MUD __ ; 

OTHER: ______________ ~------------------------------~-----
DEPTH TO BOREHOLE FLUID: ,.)/ A. TIME SINCE LAST CIRCULATION:-''''!C-''!:\''-__ _ 

LOGGING CREW: V G.O"O<\kT . c. . C ... --+~/ 
VEHICLE(S) USED AND MILEAGE: _________ ___ .,.--,-_ 
MOBILIZED FROM: f'('('k,r ic.'<.sk"" ,,,~ DEPARTURE TIME:----"...(,_! ,-'5""'--_____ _ 
ARRIVED ON SITE:_'7-L.1....!: ,'--'<'----___ _ _ _ 
STANDBY TIME: ________ __ CAUSE: __________ --' ____________ _ 

ITEMS WITH ' MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 

GEOVisioll (j'eopllysicnl Services 1124 OIYIIIPic Drive. Corolln. CA 91881 I'll (951) 549-1234 Fx (951) 549-1236 
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ACOUSTIC TELEVIEWER LOG FORM 1 1 pdf 

G~UStOIZ 
geophysical se,'vices 

M-,,,oH ACOUSTIC TELEVIEWER FIELD LOG Rev 1.1 
Borehole' 

SITE": !\l pdh Aom 
CLIENT·: M<\c.te<: 
AUTHOR": V ~c I"\'b! k "-

GEOVISION HI·RES ACOUSTIC TELEVIEWER PROCEDURE VI.0 

DATE": '1/ }('/2P09 
JOB': jH3 
PAGE 2 OF 2 

REVIEWER: . (post field work) 

WINCH: COMPROBE __ S ILVER~OYO __ OTHER ______ _ 
MICROLOGGER* 5310 5772 K 
TELEVIEWER" ACOUSTIC #517-'4~-_--O-T-H-ER h6~1 
SHEAVE" COMPROBE__ OYO 101 102~ 103_ RG, ___ _ 

PROBE TILT TEST· 8r,z,'l.. 
PROBE TILT TEST" I T'rG 
PROBE TILT TEST" 42..10 
PROBE AZIMUTH TEST" /L{?r-
PROBE AZIMUTH TEST" 2.S"'8 :1-
PROBE AZIMUTH TEST" lao . !> 

PROBE OFFSET" 

BRUNTON TIL r -.:8::..:8=---__ 
BRUNTON TI LT" --.!..,J;IBL-__ _ 
BRUNTON TILT" I.{~ AFTER LOG" V~.I 
BRUNTON AZIMUTH" 15'"3 
BRUNTON AZIMUTH·...!i2.~Vu.tJL-_ 
BRUNTON AZIMUTH- I '<i AFTER LOG" V ... S 

MINUS CASING STICK-UP" 
DEPTH REF. OFFSET AT STARr 
DEPTH REF. OFFSET AT END" 
AFTER SURVEY DEPTH ERROR" 

1.44M(4.72FT) 
I· ":)0 ~1"} 
3.2,.:1.. REF TO GROUND SURFACE 
3.1' 

START START END END 
LOG NAME· DEPTH" TIME DEPTH " TIME 

1""10"11'" ..... ~ /'Ib,q Fr J":/~ Re.. q 7:'T It,: $-2,.. 

MAINTENANCE PERFORMED ON SITE·: (N/A if none) 

DEVIATION FROM PROCEDURE (IF ANY) OR EQUIPMENT PROBLEMS OR FAI LURES~:N/A if none) 
1~ " ......... , keel .. ",,·ili·f,u "'~ ~r'o"n" \'I.~ .,,..,,1 110"."".1 b,('(.~. 4 ~rJ,Ju""o\l~il'\1i .. r...'C.Io.MMt bAW ~tfc(.+ .. d 

o/,,\><. eC"'Ij>'IH 4 .... \"'" pre-I" Tuf, "3' z·· co \,,+~ I ~Ivd.~c !>.t ... \'\~fT. SI>eM6e"60 P(.#8e' IN Ir'At.vy ~1II1> ,.tllI'4\) 1i!A1S~ rc-ID6,.,.4fN;} ro(i/)w~r"iJ 
·to> .... '1? t~ co(t" .... ole: ft"O/:>~ wi "All N ',n bo",l-Dlc o..) .... ~r. ~~~ "'+ -1Cl,. to ~in '..,11°$ eli!) "fw-.rA 

ITEMS WITH · MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 

GEOVisioll Geophysical Services /124 O~Vlllpic Dril'e, Corollll, CA 9288/ Ph (95/) 549-1234 Fx (951) 549-1236 
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CALIPER FIELD LOG REV 1.2.PDF 

GE~USZO/2 
geophysical services M -Ie; D l-t CALIPER FIELD LOG 

Borehole' 

SITE': N ~.,..fI... AI\. "'" 
CLIENT': -,:M,--,--::",c.b~e,-"c,:........, _ ______ _ 
AUTHOR': ,I .ao 1)21\ /L,. 

Procedure ASTM 06167-97(2004) 

DATE·: <f /1 t,!ZJZ> ~ 1 
JOB": tf~ 53 

PAGE: 1 OF 2 

CONTACT: ____________ PHONE: O;.;..ff.....;C;....;;e_II _______ _ 

CONTACT: ____________ PHONE: Off;.;.......;C~e~II ________ _ 

CONTACT: ____________ PHONE: Off~~C~e~II ________ _ 

DRILLER ____________ PHONE: Off:.:.......;C:...:e:.:.;.II ________ _ 
COMPANY: _ _________ _ 

GENERAL SITE CONDITIONS/LOCATION: ________ ___ _____ _ 

COUNTY: RANGE: TOWNSHIP: SECTION: __ 
BOREHOLE CONSTRUCTION: CASED __ UNCASED __ 
DIAMETERS AND DEPTH RANGES:,,6 If 0 TO 261,' et: , __ , TO __ _ 

BOREHOLE TOTAL DEPTH AS DRILLED·: 2.0/" PT 

SURFACE CASING?: YES i. DEPTH TO BOTTOM OF CASING 8',8 Pr, NO 
DEPTH TO BEDROCK: -,Cfir DEPTH TO WATER TABLE: ,::sr;: 
BOREHOLE FLUID: WATER.$..-: FRESH WATER MUD __ : SALT WATER MUD __ : 

OTHER: _______ ~----------------~~-
DEPTH TO BOREHOLE FLUID: "'/1Jo. TIME SINCE LAST CIRCULATION: NI-ll 

LOGGING CREW: 1/ ~01\~/.iA" C. Cq,der 
VEHICLE(S) USED AND MILEAGE: _-,-__________ _ 
MOBILIZED FROM :V~'c;~b u,., , ItA DEPARTURE TIME:----.::(,::....::.!..../....!.' _ ____ _ 
ARRIVED ON SITE:--" ...... : ..!.../~C ______ _ 
STANDBY TIME: CAUSE: ___________ _ 

ITEMS WITH· MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 

GEOVisioll Geophysical Services 1124 O~II/Ilpic Drive Corolla, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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CALIPER FIELD LOG REV 1.2.PDF 

geophysical serlJices 
M - /DpH CALIPER FIELD LOG 

Borehole' Procedure ASTM 06167-97(2004) 

SITE': NDrt~ A"rA, DATE': 
CLIENT': ""'..:....L.:,,=c-.!.-'h """---:-________ JoS· : 
AUTHOR' : \ f. 0.0 t)jt\ Ie ;. PAGE: 

j33.3 
PAGE 2 OF 2 

WINCH: COMPROBE SI LVER~OYO--RG.--_ OTHER ___ _ 
MICROLOGGER' 53101f5772 ~ OTHER 
CALIPER PROBE' 5368 OTHER ""2...C 
SHEAVE' COMPROSE OYO 101 D 1'-::072::;'~""""--1-:0-:-3-'D--r------=R-=G"""D--'-----

PROBE OFFSET 
MINUS CASING STICK-UP' 
DEPTH REF. OFFSET AT START' 
DEPTH REF. OFFSET AT END' 
AFTER SURVEY DEPTH ERROR' 

START 
LOG NAME' DEPTH* 

I"\\OD"'C.AIn"'~T.e.t N(~ 

11'0\. 10 DUC.~L.v P D.1. 1"$ .8 
1 ""-/0 DHC4L.T8TOL /V/A 

CALIBRATION PLATE SIN 201 
1,968 IN 

FILE NAME (50 MM) 
AS MEAS.* t'\loDI1C.tU .. T€S"T<'.t ,z . o:z. 
AS MEAS.* MID D r+ c.lIW-'fl;'~Q 2. e~ ol.. 

AS MEAS. 
AS MEAS, 
AS MEAS, 
AS MEAS. 

MAINTENANCE PERFORMED ON SITE' : 

EQUIPMENT PROBLEMS OR FAILURES': 

SUGGESTIONS. ADDITIONS, CHANGES: 

121N MAX 2.08M(6.82 FT) 
I . ~~ ++ } 
$".:n++ REF TO GROUND SURFACE 
~, z.'-F~ 

o . oTf~ 

START END END 
TIME' DEPTH* TIME' 

I:;': of NLA /'~ : /I 
I =i-: 2.:J. liN 1~:3~ 
JT;~ IV/A 1':1',' rl 

AS BUILT PVC FITTING 
3.937 IN 8.000 IN 4,504 IN 
(100 MM) (203 .2 MM) (114.4 MM) 
3. ~' 6 .03 "' . 5'4 
'1.00 S~c" 4 . r"1 

(N/A if none) 

(N/A if none) 

ITEMS WITH' MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

GEOVi iOI/ GeophysicfllSer vicl!S 1124 Olympic Drive COrOl/fI, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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BORING SUMMARY LOG REV 1.1 a.pdf 

geophysical services 

--IM--'-... --'-,O:::....;.[)o<....;;.ft __ BORING GEOPHYSICS FIELD LOG SUMMARY 
Borehole' 

SITE*: North Anc.::.;n:;::.a___________ DATE*: --'-.9_/1_7_10_,'--___ _ 
CLlENT*: MACTEC JOB*: 9333 
AUTHOR*: C. Ca=rt-,-"e.:....r ___________ PAGE*: ~-=-~ .. }::~~-o-F--/-r--c(.. rfz-t'1 

CONTACT: PHONE: _______ _ 

BOREHOLE CONSTRUCTION: CASED UNCASED)f 
DIAMETERS AND DEPTH RANGES: 3.1," OTO 'Wl.Cf¥ : __ ,---T-O-----
BOREHOLE TOTAL DEPTH AS DRILLED*: ~l. t.tt' 
SURFACE CASING?: YES~ DEPT.{:' TO BOTTOM OF CASING 1:¢"f : NO __ _ 
DEPTH TO BEDROCK: - ~ 0 of --- ----
BOREHOLE FLUID: WATER __ : FRESH WATER MUD~: SALT WATER MUD __ : 

LOGGING CREW: C. Carter, V. Gonzalez 

LOG TYPE* FILE NAME* DEPTH RANGE* DATE* / TIMES· ba-1 
&0(", MlorJ ~ELD(."'~ '- #..J~ 9h~toV 3 :<..l.~ - "s :4.Cf DIM- '1117/ 
€LDG M lob ~eL.cX..uPc /O$.<;S- 36.& ~f Cf hl./t>/t 4 : b"2 ... -'{ :og (JON-

9/17/0 
P-5vd,~~ MloP w5u S',." .... · "L. 2.. S - 30.0 1M.. cr 1t6/., <I : z..l~4 '. S7t'J"V- q /17 
r:~ .. MIOO~~L. -re)Tol AlA q I". (Dt( 5 : It - s: 2,..0 p- 9'/'7/0 

;-;. P. ~.IV Mlb[) Hc.(<..vi>(;S'L ,&O.'t, - S.'i'.)~ q 1/1.1," S:"?>). - 5 :'1~.,_ 9/n/6 
/;,L£, . I. MIOl>UCA(..~1l)o/ N.4, '(f(6/~q S' ~ S' 0 - 5:-> l If)-- 9/17 /1) 

I 

ITEMS WITH • MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 
GEQYisioll GeophyslclIl Services 1151 POIIIOIIII Road, Vllit P, Corollll, CA 92882 Ph (951) 549-1234 Fx (951) 549·1236 
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geophysical services 

SITE-: 
CLIENT': t-Uc...~c.. 
AUTHOR': C_~V 

_..!.....M=---...:...:.ID_~_l~ __ ELOG FIELD LOG 
Borehole' 
! V\ ~I>-- DATE": q 1r11b~ 

JOB": 'h~) 
PAGE: 1 OF 2 

ELOG FIELD LOG REV 1.1a 

coNTAcT: ________________________ PHoNE: Off~C~e~II ____________ _ 

CONTACT: _______________________ PHONE: Off~C~e~II ____________ _ 

CONTACT: _______________________ PHONE: Off~C~e~II ____________ _ 

CONTACT: _______________________ PHONE: O~ff~C~e~II ____________ _ 
COMPANY: ____________________ _ 

GENERAL SITE CONDITIONS/LOCATION: _____________________________ _ 

COUNTY: RANGE: TOWNSHIP: SECTION: __ 
BOREHOLE CONSTRUCTION: CASED UNCASED J( 
DIAMETERS AND DEPTH RANGES: 3~ 0 TO 1L>:z. .c:g:r; __ , TO ____ __ 

BOREHOLE TOTAL DEPTH AS DRILLED": (1)2.'.(-C 

SURFACE CASING?: YES ~ DEPTH TO BOTTOM OF CASING '1 ~ : NO .L 

DEPTH TO BEDROCK: ..... ~ DEPTH TO WATER TABLE: ~ o4'r 
BOREHOLE FLUID: WATER __ : FRESH WATER MUD~; SALT WATER MUD __ : 

OTHER: 
DEPTHTOB~O~R~E~H~O~L~E~F~L~U~ID~: ----------~T~IM~E~S~IN~C~E~L~A~S~T~C~IR~C~U~L~A~T~IO~N~: ·~~----

LOGGING CREW: C,~ J V. GIf"VI.~J 
VEHICLE(S) USED AND MILEAGE: I-~ _____ -----if-____ -=---,,--,,--____ ~...,...,.. 
MOBILIZED FROM: P..,.-e&le. k-s ~ DEPARTURE TIME: 61 l S~ 
ARRIVED ON SITE: '1 ~ 

--~-------------STANDBY TIME: IJ A CAUSE: _____________________ __ 

ITEMS WITH - MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

GEOVisiol/ Geophysical Services 1124 O(I'lIIpic Drive, Corol/fI, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 



MACTEC Engineering and Consulting, Inc.
North Anna 3 Project Project 6468-09-2473

GEOVision Report 9333-01 North Anna 3 Boring Geophysics rev 0 November 3, 2009          Page 144 of 217
DCN# NAP272

Volume 1, Revision 0 Page 421 of 542 DCN NAP307

ELOG FIELD LOG REV 1 1a 

GE~Uszo/Z -,ML..:--J l,--oD_¥ ___ ELOG FIELD LOG 
geophysical seruices Borehole' 

SITE' : JJ~ }."'Il- DATE': 
CLlENT*: ~MA-=---c..-"(b~G:---------JOB" : 
AUTHOR": ~c.=~~Cvr"~_W:....::..:.. ________ PAGE: PAGE 2 OF 2 

WINCH: COM PROBE SILVER -t OYO RG OTHER 
MICROLOGGER" 53101f5772 ~ OTH~ .--- ,--- -
ELOG PROBE' 5490 OTHER 
SHEAVE' COM PROBE OYO 101D10€]10U RGD 

PROBE LENGTH 
PLUS YOKE 10.0M (32 .B FT)* 
MINUS CASING STICK-UP' 
DEPTH REF. OFFSET AT START" 
DEPTH REF. OFFSET AT END' 
AFTER SURVEY DEPTH ERROR* 

START 
LOG NAME' DEPTH" 

Mlo DH~L.Ob'ff'$10'"l- UJ.. 
MIO l;)~t:I..ObLJPcn.- lo~, ~'SM-

MAINTENANCE PERFORMED ON SITE' : 

EQUIPMENT PROBLEMS OR FAILURES": 

SUGGESTIONS, ADDITIONS, CHANGES: 

2.50M(B.20 FT) 
"~ ·i 
7, . 'i') } 

"3 Jt. 1"1 EF TO GROUND SURFACE 
°H$' "lA 

I> 

START END END 
TIME DEPTH" TIME 

1 : L{~ IJA ] .' ~~ 
c..j : &)~ ~6 . &~~ L( ! 11"5 

{I j>o (N/A if none) 

(N/A if none) 

ITEMS WITH ' MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

GEOVisiOll Geophysical Services 1124 Olympic Dril'e, Corollll, CA 92881 PI, (951) 549-1234 h (951) 549-1236 
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p-s FIELD LOG REVV1.4 

GE~USlon 
geophysical services 

P-S SUSPENSION VELOCITY FIELD LOG REV 1.4 
Borehole CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 

A /"di... A Yt ~ t:A. DA TE*: ~q..L-'/.,-1_7 _11>_' ___ _ 
njc:[cc. JOB*: --,,9~$-:-,,-J....;;.) ____ _ 
C. C~e/' PAGE 1 OF_* --+-'i __ 

SITP: 
CLlENT*: 
AUTHOR*: 

CONTACT: ____________________ __ PHONE: Off Cell -----------------
CONTACT: PHONE: Off Cell ---------------------- -------------------
CONTACT: PHONE: Off Cell ---------------------- ------------------
CONTACT: PHONE: Off Cell --------------------------- ------------------
DIRECTIONS TO SITE: ------------------------------------------------

GENERAL SITE CONDITIONS/LOCATION: 

COUNTY: RANGE: TOWNSHIP: SECTION: ________ __ 
BOREHOLE CONSTRUCTION*: CASED UNCASED )< 
DIAMETERS AND DEPTH RANGES*: 3.1r J1 

0 TO '2..-4 t. 'i -¥+ ; ..;....., ~~~~: . ..:T~O:..... ______ __ 
BOREHOLE TOTAL DEPTH AS DRI LLED*: 7--61 ,'1 ~ --
SURFACE CASING?: ~ DEPTH TO BOTTOM OF CASING '(.Q1, ; NO~~~ __ __ 
DEPTH TO BEDROCK: "'- '10 ~ DEPTH TO WATER TABLE: "'- t..5...f+ 
BOREHOLE FLUID: WATER __ ; FRESH WATER MUD_'/-_ ; SALT WATER MUD;;..:; ________ _ 

OTHER~: __________________ ~-----------------------------~~------i? TIME SINCE LAST CIRCULATION: ~ 
~-~--- -~~----

DEPTH TO BOREHOLE FLUID*: 

ITEMS WITH * MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic Drive. Corona . CA 92881 Ph (951) 549-1234 Fx (951 ) 549-1236 
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GE~USton 
p·s FIELD LOG REV Vl.4 

geophysical services 
r'~rob~ P-S SUSPENSION VELOCITY FIELD LOG REV 1.4 

Borehole CORRESPONDING P·S SUSPENSION PROCEDURE REV 1.4. 

SITE*: rv o<.f"'- A IoUV'- DATE*: 1'it7ioer 
CLlENT*: HAC-"\l:L JOB*: -q""-\~3J--'--J-'-------
AUTHOR*: C .wW PAGE 2 OF_*_4,,--_ 

LOGGING CREW": C. Gr±« (/. G51')~ 
MOBILIZED FROM: fY"€b-~)~ [}EPQRTURE TIME :--'C=---:.... l....:..)-=~=----____ _ 
ARRIVED ON S ITE :_-Z-""'~=-_____ _ 
STANDBY TIME: IJ')' CAUSE: -----------------------
LOGGING STARTED: y ; z.. '1 LOGGING COMPLETED: £{:} 10---

I 

BATTERIES CHANGED BEFORE LOGGING: YES __ : NO_K_; STORED WITH NEW __ 
WINCH COM PROBE 0 GREY~ OYO 0 RGO OTH _ _ 
INSTRUMENT* OYO 12004 0 150148 190290 RG 1600230 160024 0 
RECEIVER SIN" 120080 20042 26066 0 11001 0 23053 0 30086 ~ 
ISOLATION TUBE S/N* 300083ilJ 240530 28068 0 28072 D 2M -----;=-__ 

SHEAVE* COMPROBE 0 OYO 10U1O€h ou RG 0 
MICROLOGGER* 5310 0 5772 ~ NOT APPLICABLE (OYO) 0 
PROBE OFFSET* OYO 2.0M D RG 2.5M ~ 
MINUS CASING STICK-UP* ~~ tv\ } 
DEPTH REF. OFFSET AT START" 1.6 W\~'\hIO' REF TO GROUND SURFACE 
DEPTH REF. OFFSET AT END* .6 M 
AFTER SURVEY DEPTH ERROR* o. 0' tYI 

START START END END 
LOG NAME* DEPTH" TIME DEPTH * TIME 

"2.. S ""'-- ,{ : 1-, )O. D __ t..{:Sl»W'--

MAINTENANCE PERFORMED ON SITE*: ALA (N/A if none) 

EQUIPMENT PROBLEMS OR FAILURES*: (N/A if none) 

DEVIATIONS FROM TEST PLAN*: ___ _ ___ ""AJCLA..:....-______ ---->(.:...;.N/;.;...A.:...;.if.:...;.n.;..:.o-'-'-ne;:.t....) 

ITEMS WITH * MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic Drive. Corona , CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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p-s FIELD LOG REV 1.4 

fv1-IOD"f\ GEOVISION SUSPENSION LOGGING FIELD NOTES 
S ITE*: IJ &-Ak.. )'" I\GI.- DATE*:_j..J.....:..!.{ 11...!..l(~o-l-q _ ____ _ 
CLlENT*: "".Ac.~EC- c JOB*: -->.l-,~_?_) _ _ __ --. __ 
AUTHOR*: C~C6-l"0kI<' PAGE* ') OF---I...4 __ 

ITEMS WITH * MUST BE COMPLETED OTHER INFORMA TlON IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO*. FILE NO*. (if any) CASING, WATER, ROCK, ETC 

0.5 1.64 
1.0 3.28 
1.5 4.92 I 1....0\ 
2.0 6.56 t:.L "[.\ \ 

2 .5 8.20 ~ '2hO 4!"l-, 
3.0 9.84 2-01 
3.5 11.48 "2.17"2.. 

4.0 13.12 '2-0 3 
4.5 14.76 "2-0'( 
5.0 16.40 '2..0~ 

5.5 18.04 7. 0 b 
6.0 19.69 '2.01 
6.5 21 .33 U>"& 
7.0 22.97 -U>Cf 
7 .5 24.61 "2-10 

8.0 26.25 z../l 
8.5 27.89 "1.1"t. 
9.0 29.53 'Z.1"7, 
9.5 31 .17 '2.-l'-\ 
10.0 32.81 '2-1 :> 
10.5 34.45 2./1. 
11 .0 36.09 -z.,11 
11 .5 37.73 '2.1~ 
12.0 39.37 '2.. 1'1 
12.5 41 .01 ~""'JP 

13.0 42.65 '22-\ 
13.5 44 .29 --z..7.--z... 
14.0 45.93 7..'1.-'3 
14.5 47.57 2..:2.-</ 
15.0 49.21 't.2-:5 
15.5 50.85 -z.,u 
16.0 52.49 1,,1- 7 
16.5 54.13 '2-2.8 
17.0 55.77 -z,-z...i 
17.5 57.41 ''2-:~ Z> 

18.0 59.06 t)\ 
18.5 60.70 'l.,)-z. 

19.0 62.34 -1.-T~ 

19.5 63.98 7.3't 
20.0 65.62 '1 ~,. 
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P-S FIELD lOG REV U 

f"'.- ID]ltI GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE": U~ A • .,.... DATE': ~'l,-,h-,-1(.,<1,,-,-____ _ 
CLIENT': tu~ JOB' :.-,~-,-3,,-; )>-___ ,,---__ 
AUTHOR" C. ~ PAGE' 4 OF " . 

ITEMS WITH' MUST B£~ OMPI.f:IED . OTHER INFORMA TION IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO-, FILE NO'. (if any) CASING, WATER, ROCK, ETC 

20.5 67.26 ~ ,10 
21 .0 68.90 <-.1 
21 .5 70.54 q~ 
22.0 72.18 q~ 

22.5 73.82 4u 
23.0 75.46 '" 23.5 77.10 ,-y'" 
24.0 78.74 '43 
24.5 80.38 ~4~ 

25.0 82.02 1- 5 
25.5 83.66 1-~~ 

26.0 85.30 .. "7 
26.5 86.94 ... 
27.0 88.58 1X'\ 
27.5 90.22 "'-50 
28.0 91 .86 .. Sf 
28.5 93.50 ,-F 
29.0 95.14 'L '3 
29.5 96.78 .... ," 
30.0 98..43 .. " tI: 5 
30.5 100.07 
31 .0 101 .71 
31 .5 103.35 
32.0 104,99 
32 .5 106.63 
33.0 108.27 
33.5 109.91 
34.0 111 .55 
34.5 113.19 
35.0 114.83 
35.5 116,47 
36.0 118.11 
36.5 119.75 
37.0 121 .39 
37.5 123.03 
38.0 124.67 
38.5 126.31 
39.0 127.95 
39.5 129.59 
40.0 131 .23 
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CAliPER FIELD LOG REV 1,2.PDF 

goophysical services CALIPER FIELD LOG 
Borehole' Procedure ASTM 06167-97(2004) 

SITE ' : #J.~ A 'M\.-

CLIENT' : ~~",~,~c.~r~'c.~~====== 
DATE ' ~ hi !oj 

JDB' , --:;1~>~3t3t'====== 
AUTHOR' : = C .c.:..rW PAGE: "'1 OF 2 

CONTACT: ___________ PHONE: O,"ff-'C"e"''' _______ _ 

CONTACT:, _ ___________ PHONE: O''''-'C''e'''''---_______ _ 

CONTACT: ___________ PHONE: O,ff,-'C"e,," _____ __ _ 

DRILLER ,-===========_ PHONE: O,ff,-'C"e"'''~ ______ _ 
COMPANY:_ 

GENERAL SITE CONDITIONS/LOCATION: 

COUNTY: RANGE: TOWNSHIP", ____ SECTION: __ 
BOREHOLE CONSTRUCTION: CASED UNCASED 1-
DIAMETERS AND DEPTH RANGES: "'!o~OTO U>I,~ _ _ , _ __ TO _ _ _ 

BOREHOLE TOTAL DEPTH AS DR1LLE D"' ___ -"'=.,c' ':.:"':.-"",--_ 

SURFACE CASING?: YES \( DEPTH TO BOTTOM OF CASING 1 ~ ; NO 
DEPTH TO BEDROCK: .... ~ DEPTH TO WATER TABLE: _TS 
BOREHOLE FLUID: WATER _ _ : FRESH WATER MUD_" _; SALTWATER MUD __ , 

OTHER~' ORBHOUeP,,"~~]1}£=---cnMES",,~~rrc~Cijuc~~~~== DEPTH TO BOREHOLE FLUID: - I OS 0«' TIME SINCE LAST CIRCULATION: W 

LOGGING CREW ~'c,...I-<v ~ 
VEHICLE(S) USED AND ~~ 
MOBILIZED FROM: f"tb1.~ ~ 
AR RIVED ON SITE: '1 ...-
STANDBY TIME: Iv..J'. 

G"'9 
DEPARTURE TIME: , : I S 

CAUSE,, __________ ___ 

ITEMS WITH' MUST BE COMPLETED. OTHER INFORMATION IS OPTIONAL 

GEOVisiOlJ GeDplJysical Services 1114 Olpllpic Dri..., CorDlla, 01 Y1N111 1'/1 (951) 5-IY-/}J-I rx (951) 5-I'J-J}J~ 
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GE~USto/z 
CAUPER FIElD lOG REV 1 7_POf 

geophysicol seruices CALIPER FIELD LOG 
Borehole' Procedure ASTM D6167·97(2004) 

SITE ' : ~;:~Y'\'I\"CI- DATE' : CLIENT': ~:ill~~_~~'_~~======:JOB' : AUTHOR' : _ c...c;;::;:<kA"'" PAGE: 

't it, 10, 
~1)) 

PAGE20F2 

WINCH: COM PROBE SILVER---k..... OYO RG ____ OTHER, ___ _ 
MICROLOGGER' 531013 5772 ~ OTH~ -
CALIPER PROBE ' 5368 OTHER ~,,~,~,,~,~,,;;::;:::;:===;;::::;:=== 
SHEAVE' COMPROBE OYO 1010 102 ttJ 103 0 RGU 

PROBE OFFSET 2.0BM(6.82 FT) 12lN MAX 
MINUS CASING STICK-UP' z ·t3 } DEPTH REF. OFFSET AT START' J ,q'l REF TO GROUND SURFACE 
DEPTH RE F. OFFSET AT END' ..... w 
AFTER SURVEY DEPTH ERROR' ,. 

START START END END 
LOG NAME' DEPTH" TIME' DEPTH" TIME ' 

j/lob~L"C6 /J<> 5 : I " :nu 
o ""A ... tA>~'l- , .. ' ',;) j.i : 

M "., 1l4A_':_~Cj1' .. <Cj ·. ~D ",,, 'i : s \ 

CALIBRATION PLATE SIN 201 

~~~ 
I 

~ 
I 

MAINTENANCE PERFORMED ON SITE': ",. (N/A if none) 

EQUIPMENT PROBLEMS OR FAILURES": (N/A if none) 

SUGGESTIONS, ADDITIONS, CHANGES: 

ITEMS WITH · MUST BE COMPLETED. OTHER INFORMA TlON IS OPTIONAL 

IIU UI)'mpic lJ,j),(! CQ,Of"', (;., ~18ll1 Ph (9S/) 549-1234 Fx (951) 549-1136 
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BORING SUMMARY LOG REV 1 la pdf 

geophysical services 

M-Iop-tl BORING GEOPHYSICS FIELD LOG SUMMARY 
Borehole' ! 

SITE": North An" DATE": 'fIn 10 , I 9 Ii (. I/f 
CLIENT'": MACT'''E'''C-----------JOB~: 9333 

--,-----:~--

AUTHOR": C. C,,,,rt,,,,,--, _ _________ PAGE": _---LI _ OF _',-__ 

CONTACT: PHONE: _______ _ 

BOREHOLE CONSTRUCTION: CASED UNCASED l' 
DIAMETERS AND DEPTH RANGES: 3."iJ OTO 'lo1.1J.ff" ; . "---T-O-----
BOREHOLE TOTAL DEPTH AS DRILLED·: ~t . 't <t+' "L'!:l: 
SURFACE CASING?: YES~ DEPTH TO BOTTOM OF CASING 10£i',!li\J6 __ _ 
DEPTH TO BEDROCK: --, 0 .f:"i-
BOREHOLE FLUID: WATER------..: F::R::E:::S"H-:CW::-A:-:T::E:::RC:M::U:::D:-~ SALT WATER MUD ~ 

LOGGING CREW: C. Carter, V. Gonzalez 

ITEMS WITH· MUS r Bt COMPLETED. OTHER INFORMA TlON IS OPTIONAL 
GE0Il11/0n GtophyslCllI Sen>lcn IISI Pomonll ROlld, Un/l P, Coronll, CA 91881 Ph (951) 549·1234 Fx(9SJ) 5~9-J1J6 
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.... cousnc TELEVlEv.£R LOG FORM 1 1 pd! 

G~0s!on 
/lfwJJhys i cu l services 

-,H-,---=='o-",M,,:-:-~ACOUSTIC TELEVIEWER FIELD LOG Rev 1.1 
8oI'ehoIe" GEOvtSION HAAES .... COUSTIC TELE\'IElo\£R PROCe~ VI.O 

SITE', f.,1 • .4. A", 0... DATE', FIISt.I 
CLIENT": ~AC.-re-c:. ( JOB·: fin 
AUTHOR·: ....C:.Grl'flI< PAGE 1 OF 2 
REVIEIfoJER: (post fie ld work) 

CONTACT: ________ ___ PHONE: O"-"-,C"",,-,, ________ _ 

CONTACT: ___________ PHONE: Off,,--,Ce=-" ________ _ 

DRILLER :::==========-_PHONE: OO"-,C",,"-,, ________ _ 
COMPANY: -

GENERAL SITE CONDITIONSflOCATION: 

COUNTY: RANGE: TOWNSHIP: SECTION: __ 
BOREHOLE CONSTRUCTION: CASED UNCASED~ 
DIAMETERS AND DEPTH RANGES: 1.~ 0 TO ~l ·qft ; -' TO __ _ 

BOREHOLE TOTAL DEPTH AS DRILLED·: ~l.'\ ~ 

SURFACE CASING?: YES "I(. DEPTH TO BOnOM OF CASING q ~* ; NO 
DEPTH TO BEDROCK: ..... F~ DEPTH TO WATER TABLE: .z?:fU 
BOREHOLE FLUID: WATER __ : FRESH WATER MUDX-: SALT WATER MUD __ , 

OTHER:~""'<clt~"'m>J[LI~~--cnMES",,~Gij~~CUl!\lnc]N:~~O=:-DEPTH TO BOREHOLE FLUID: 2. ( P TIME SINCE LAST CIRCULATION: Y.v--

LOGGING CREW eGA"'--. v: C,wufi.-. , 
VEHICLE{S) USED AND MllEp)G : ; ~ 
MOBILIZED FROM: ~ DEPARTURE TIME: 6: l S 
ARRIVED ON SITE: : ( , J.. I "" . 
STANDBYTIME, ,. - aft- CAUSE, 7;?r;"1tri ~ ~ t.-,e", ..... 

ITEMS WITH" MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

I 11<# Olympic Orl"". ClNllml, CA 91881 Ph ('51) 5~'· 11JI ""xl'51) 549·/1J6 
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ACOUSTIC TElEVIEWER LOG FORM I \ pOf 

G~Uston 
geophysica l services 

...!.1'.:...-.:.e".:,cDIl--,-,--_,ACOUSTIC TELEVIEWER FIELD LOG Rev 1.1 
Borehole' GEOVlSlON Hr-RES ACOUSnc TELEVIEWER PROCEDURe VI 0 

SITE ' , A1d!..... Aoil nlL DATE" "'gf~(,~i'={'=~===-__ 
CUENT,t ~.:..1tC: JOB·:.-;:1'3}3 
AUTHOR' : c... c;::::f:e;:7 PAGE 2 OF 2 
REVIEWER: (post field wOrk) 

WINCH: COMPROBE __ SllVER~ OYO __ OTHER ______ _ 
MICROlOGGER' 5310 5772" '<>-_--,,=,,. 
TELEVIEVVEW ACOUSTIC #5174_ OTHER 664.1 
SHEAVE' COMPROBE__ OYO 101_ 102.....:L. 103_ RG, _ _ _ _ 

PROBE TILT TEST" 'lO.!," BRUNTON TilT" fo 
PROBE TILT TEST' z..CJ.. a> BRUNTON TilT' z..ij 
PROBE TILT TEST' U,1l.{ BRUNTON TilT' '2..1 AFTER l OG' c./,t.JJ 
PROBE AZIMUTH TEST' /7.-5 · ) 0 BRUNTON AZIMUTH' Il} --v--
PROBE AZIMUTH TEST' ]..17.,,5 BRUNTON AZIMUTH' 2-tl 
PROBE AZIMUTH TEST' /5Z,·t-o BRUNTON AZIMUTH' I S1 AFTER LOG'~ 

PROBE OFFSET' 1.44M(4.72FT) 
MINUS CASING STICK-UP' 1.!7- } 
DEPTH REF . OFFSET AT START' 1.. & REF TO GROUND SURFACE 
DEPTH REF. OFFSET AT END' 2-. .1'1 
AFTER SURVEY DEPTH ERROR' , !,)l'; 

START START END END 
LOG NAME' DEPTH' TIME DEPTH ' TIME 

JI,IV Pb '.1 "l. Ib: 0 

MAINTENANCE PERFORMED ON SITE' : (N/A if none) 

PROCEDURE (IF ANY) OR EQUIPMENT PROBLEMS OR FAILURE~iNlA if no e) 
-21 fI ~t.:.h • 

~ <: 
I. 

ITEMS WITH' MUST BE COMPLETED . OTHER INFORMATION IS OpnONAL 

1111 Olympi<> /)./'rc, Co,o"", ell 91881 ,.It (95/) 5411·11]4 F .. (951) 5411·/1J6 
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geophysical serv ices , 

-:M"-"."Jo,,,. !:.,, _ _ BORING GEOPHYSICS FIELD LOG SUMMARY 
Boreholc ' 

SITE": !,dl! .... ",k .,.41'11\. ..... DATE": ql,s/;'f 
CLlENT~ : 

AUTHOR' : 
1:1 ~c.:l!'::'" JOB*: lW3 
C.fa/<i< PAGE·: { OF I 

I 

CONTACT: PHONE: 

BOREHOLE CONSTRUCTION: CASED UNCASED ~ 
DIAMETERS AND DEPTH RANGES: 3-'71" 0 TO ~ "--- T"O,------
BOREHOLE TOTAL DEPTH AS DRILLED*: ~.rt ~:i)t;1' 2 0 L 1 ,,+ 
SURFACE CASING?: YES J( DEPTH TO BOTTOM OF CASING 44ft ; NO 
DEPTH TO BEDROCK: '1." ~ 
BOREHOLE FLUID: WATER _ _ , F-CRCCE"S-H-W-A-T-E-R-M-U-D'-~; SALT WATER MUD _ _ , 

LOGGING CREW Cc;.A .... , V G"" .... lt2-

LOG TYPE' FILE NAME" DEPTH RANGE' DATE' TIMES' 

ITEMS WITH' MUST BE COMPLETED . OTHER INFORMA T/ON IS OPTIONAL 
/1 _I 1',),111'11./ 1{" .. tI I III' I' I """'''. ( I '1J1t.,) /'I, (9., 1/ .~ I') /11-/ I l f"~ /I 'i~~ 1.!3(, 
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ElOG FIHO l OG Ht;V 1 . 1~ 

geophysical services 

-c'-'M,..,':,:l0c..Dc..>\ __ E LOG FI E LD LOG 
8orehole' 

SITE': ,v."kA~V\~ DATE': Q/'sl'9 
CLIENT': ~'~H~A~"~1l>~C~/~====== JOB': ::;::;~t.,~~~)L===== AUTHOR': =C ,~ PAGE: 1 OF 2 

CONTACT,. ________________________ PHONE: O'""~C~e~"C_ __________ _ 

CONTACT.:. ________________________ PHONE: O,""~C~,~,,~ __________ _ 

CONTACT.:. ________________________ PHONE: O'""~C~e~"C_ __________ _ 

CONTACT:: .. ===========-__ PHONE: O,,". C"'e"'''c_ __________ _ COMPANY:. 

GENERAL SITE CONDIT!ONSILOCATION: 

COUNTY: RANGE: TOWNSHIP: SECTION· 
BOREHOLE CONSTRUCTION: CASED UNCASED Y. 
DIAMETERS AND DEPTH RANGES: ) ~ 0 TO -' .JJl.."1..-oj---=w;-___ , TO ____ __ 

BOREHOLE TOTAL DEPTH AS DRILLED': lOW u' II h 1/11 2.0 f· I .pi-

SURFACE CASING?: YES!(" DEPTH TO 8~TTOM OF CASING 4'-1 .fl-; NO 
DEPTH TO BEDROCK: '-lW DEPTH TO WATER TABLE: ~ 
BOREHOLE FLUID: WATER~; FRESH WATER MUO __ ; SALT WATER MUD __ , 

OTHER::~ OR~OLEFLWOC~~~=----cnMES"",,,"u\'~~CUU\lffi]~I&C==== DEPTH TO BOREHOLE FLUID: ...... 4 Cf TIME SINCE LAST CIRCULATION ., • .. ,{;,;A.~ __ _ 

LOGGING CREW: CG./-lif , 1,/ G.x~ Q",t.~ 
VEHICLE(S) USED AND MILEAGE~ fr.yf.ct.>:~ cc. 'iI,s b), c<- . 

Ct- MOBILIZED FROM: ,~,c("4t.t£.k$~ DEF'ARTURE TIME: Il~ 6", I J ---
till r/v'f ARRIVED ON SITIf: 1: IS""'........... '<-'. d ...... 

STANDBY TIME: Iv.).. CAUSE: ______________________ _ 

ITEMS WITH' MUST BE COMPLETED. OTHER INFORMA TlON IS OPTIONAL 

//14 Olympic n,;,'t!, Co,om •• CA '12881 1'1, (95/) 549·1134 f:~ (95/) 549-1236 
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El OO FIELO l OG REV lla 

geo physica l seruices 
-,!-f'l'---c"3".o b""tl-,-_E L OG FIE L D LOG 

Borehole" 

SITE": =~/Jt,~<~.\L~A~n~""-~~===== DATE": CLIENT": MA,c..fl.C- JOB' : 
AUTHOR': c..c..rt"~ PAGE: PAGE 2 OF 2 

WINCH: COMPROBE SILVER X OYO RG OTHER 

MICROLOGGER" 5310:WS772 ~'~O~T;H:ER:=~;:~~=~~~=---ELOG PROBE" 5490 OTHER ,-;;J 
SHEAVE' COMPROBE OYO 10010~lOU RG[] 

PROBE LENGTH 
PLUS YOKE 10.0M (32.8 FTY 
MINUS CASING STICK-UP' 
DEPTH REF. OFFSET AT START' 
DEPTH REF. OFFSET AT END" 
AFTER SURVEY DEPTH ERROR" 

START 
LOG NAME' DEPTH' 

~6£.b~TES1"61 
j.l6t-(16WO uG>.,,(S 
M'LO(..V Vl.- 5 

MAINTENANCE PERFORMED ON SITE": 

EQUIPMENT PROBLEMS OR FAILURES": 

SUGGESTIONS, ADDITIONS, CHANGES: 

2.S0M(8.20 FT) 
')1.3' 

31, ,Z:: EF TO GROUND SURFACE 
I.bt } 

START END END 
TIME DEPTH' TIME 
:i> 's IV :-, Ji "" ~ (1 5 

, I ~ 4t!.s 

(NIA if none) 

/..1 A (NIA if none) 

ITEMS WITH" MUST BE COMPLETED . OTHER INFORMATION IS OPT/ONAL 

fiEOV;s;ulI Geupl'ysi cl/l Ser<'iUj' IIU Ol)'mpic I)ri, ,,,, Coroltl/. CA 92881 I'll (951) 549-1134 Fx (951) 549-11J6 

I 
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f)-S FIELD LOG REVVl 4 

GE~USton 
geophysical services 

Ltlc:..' ,..:.:o:..:D..:." _P,S SUSPENSION VELOCITY FIELD LOG REV 1.4 
Borehole 

SITE' : 
CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 

CLIENT": 
AUTHOR": 

Aw{ k. .! ~ 1'\ ...... DATE': .....;."'/I,:.S,,"'+5 ____ _ 
J4..4c...ec.. I JOB": ..,-lq:..!?~1'-1L ____ _ 
c.( "Ad PAGE 1 OF_· ...2,.5 __ 

CONTACT: _________ _ PHONE: Off Cell ________ _ 

CONTACT: __________ _ PHONE: Off Cell ________ _ 

CONTACT: _________ _ PHONE: Off Cell ________ _ 

. CONTACT: _________ _ PHONE: Off Cel l ________ _ 

DIRECTIONS TO SITE: 

GENERAL SITE CONDITIONS/LOCATION: 

COUNTY: ____ RANGE: ...,.,,.,,.. __ TOWNSHIP~: ___ SECTION: ____ _ 
BOREHOLE CONSTRUCTION" CASED UNCASED '( 
DIAMETERS AND DEPTH RANGES": ~-'C ~ OTO "41 1,1 ~ ; ___ -'-. :::-~~~::_.T~O,_ __ _ 
BOREHOLE TOTAL DEPTH AS DRILLED': '7..b II '1 tt 
SURFACE CASING?: 'f' DEPTH TQ"'B"'O='=n-'O"'M- O- F" C"A"'S"'IN"'G"?l;'tf -!b NO, ____ _ 
DEPTH TO BEDROCK: £{ S 4 DEPTH TO WATER TABLE: 
BOREHOLE FLUID: WATER~: FRESH WATER MUD __ : SALT WATER MU~D:,-___ _ 

OTHER.~:~~~~~~_~~~~~~~~~~~~~~ __ _ 
DEPTH TO BOREHOLE FLUID' : ....... \1 ~.p TIME SINCE LAST CIRCULATION: ~\.I::::A~ __ _ 

ITEMS WITH' MUST BE COMPLETED OTHER INFORMA TlON IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic DliV!:!. COIUIICI. CA 92881 Ph (951) 549- 1234 Fx (951) 549- 1238 
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GE~UStOIZ 
P·S FiElD LOG REVVI 4 

geop hysical services 
pM.:c'loc"",Il __ P-S SUSPENSION VELOCITY FIELD LOG REV 1.4 
Borehole CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 

SITE', ty o<kL An"","" DATE', rl,dD9 
CLIENT': M.4~<"" JOB": ~q~'~}G'~====== 
AUTHOR": c.r;;A4A' PAGE 2 OF_'--<.~ __ 

LOGGING CREW, c.c...-...... ) II G~!.~ 
MOBILIZED FROM: Frdkrtelt-S ~ OEPA{ruRE TIME:--,,6c.'.c1 SL-_____ _ 
ARRIVED ON SITE:_7c.' "I S'--__ ""'(J ___ _ 
STANDBY TIME: _________ CAUSE: ___________ _ 
LOGGING STARTED: LOGGING COMPLETED: ______ _ 

BATTERIES CHANGED BEFORE LOGGING: YES __ : NO~; STORED WITH NEW __ 
WINCH . COMPROBE 0 GREYOC] OYO 0 RGO OTH __ 
INSTRUMENT* OYO 120040 150148190298 RG 160023G] 1600240 
RECEIVERS/N° 120080 20042 26066 11001 023053030086 !Rl 
ISOLATIONTUBES/N*3000S:€] 240530 280680 28072 0 2M _;==; __ _ 

SHEAVE' COMPROBE n OYO lOn'0:R11Ofl RG 0 
MICROLOGGER" 5310 0 5772 ~ NOT APPLICABLE (OYO) 0 
PROBE OFFSET' OYO 2 OM 0 RG 2 SM ~ 
MINUS CASING STICK-UP' • '? ~ ...." . } 
DEPTH REF . OFFSET AT START· z. , If "'" ;0"1 REF TO GROUND SURFACE 
DEPTH REF OFFSET AT END- \../'1 t11 1//1 0'1 
AFTER SURVEY DEPTH ERROR· 0 0 1M 

START START END END 
LOG NAME- DEPTH· TIME DEPTH· TIME 

M 30 ll/./SLlSPO#Wvo,\ 1'1-<J v- '(!5 1- 57,{)"",,- 5' :tt,Op ........... 

MAINTENANCE PERFORMED ON SITE·: (N/A if none) 

EQUIPMENT PROBLEMS OR FAILURES": (N/A if none) 

DEVIATIONS FROM TEST PLAW: (N/A if none) 

ITEMS WITH' MUST BE COMPLETED OTHER INFORMATION IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic Drive , Corona , CA !;l1HH1 Ph (951 ) 549-11:.14 t-x (!;l51 ) 549,1"'30 
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p·s FIELD t OG REV 1.4 

r .'01,-H GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE·: M,-';'" Anne- DATE·:. n':9"f,:':i:J!.0.L1 ____ _ 
CLIENT": MA<-ffil;- JOB·-'92''')'-'1'-___ ~--
AUTHOR"· C 4,A:;/ PAGE· "3 OF S . 

ITEMS WITH· MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FilE NO·, FILE NO·. (if anv) CASING, WATER, ROCK. ETC 

0.5 1.64 
1.0 3.28 
1.5 4.92 
2.0 6.56 
2.5 8.20 
3.0 9.84 
3.5 11 .48 
4.0 13.12 
4.5 14.76 
5.0 16.40 
5.5 18.04 
6.0 19.69 
65 21.33 
7.0 22.97 
7.5 24.61 .. , 
8.0 26.25 
8.5 27.89 
9.0 29.53 
9.5 31 .17 
10.0 32.81 
10.5 34.45 
11 .0 36.09 
11 .5 37.73 
12.0 39.37 
12.5 41 .01 
13.0 42 .65 
13.5 44 .29 
14.0 45.93 "" v:s ... 
14.5 47.57 .,.. 
15.0 49.21 , 
15.5 50.85 
16.0 52.49 , 
16.5 54.13 < 
17.0 55.77 1 
17.5 57.41 ¥ 
18.0 59.06 'i 
18.5 60.70 ID 
19.0 62 .34 1/ 
19.5 63,98 1'-
20.0 65.62 I;' 
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p·s FIELD LOG REV 1.4 

,HO\)I"I GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE<: /J'~ J~ ....... 
eLi E NY /'-\,( O(I;L. , 
AUTHOR<: C. C0;;' 

DATE<: ~ t, S IQ~ 
JOS<: qn, 
PAGE< 'f OF-_-,5 __ 

ITEMS WITH' MUST BE COMPLETED OTHER INFORMA TlON IS OPTIONAL 
DEPTH DEPTH IUNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO'. FILE NO<. (if any) CASING, WATER, ROCK, ETC 

20.5 67.26 I~ 
21 .0 68 .90 , S 
21 .5 70.54 I. 
22 ,0 72.18 ' 1 
22.5 73.82 ,~ 

23.0 75.46 '1 
23.5 77.10 ,p 
24.0 78.74 ., 
24.5 80.38 , 
25.0 82.02 ~, 

25.5 83.66 14 
26.0 85.30 '-S 
26.5 86,94 '-, 
27.0 88.58 z. 
27 .5 90.22 1"ZIi . , 
28 .0 91 .86 I"" 
28.5 93.50 

1 '" 29,0 95.14 1 " 1 29.5 96.78 p -
30.0 98.43 1 'l'" 
30.5 100.07 4 
31 .0 101 .71 S 
31 ,5 103.35 ,:, 
32.0 104.99 
32.5 106.63 -)q 
33.0 108.27 .. q 
33.5 109.91 ~O 
34.0 111 .55 'I 
34.5 11 3. 19 'Iv 
35.0 114.83 1'-1, 
35.5 116.47 ~" 
36.0 118.11 4 5 
36.5 119.75 "' 37.0 121 ,39 41 
37.5 123.03 ~~ 
380 124.67 4' 
38.5 126.31 It' S D u- 'l L,)ib 
39.0 127. 95 11 
39.5 129.59 , .... 
40.0 131.23 51 



MACTEC Engineering and Consulting, Inc.
North Anna 3 Project Project 6468-09-2473

GEOVision Report 9333-01 North Anna 3 Boring Geophysics rev 0 November 3, 2009          Page 161 of 217
DCN# NAP272

Volume 1, Revision 0 Page 438 of 542 DCN NAP307

M - -;'0 ()tI GEOVISION SUSPENSION LOGGING FIEL 'D°N'OTES 
SITE': Ll,rfl::: 4""" DATE': '(/IsM 
CLIENT' : H.Ac-~ < JOS': -#q1~)C;):-'-------
AUTHOR" C.('OAeK PAGE'., OF 5 

ITEMS WITH' MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL ~'--. 
DEPTH DEPTH UNFILTERED FilTERED COMMENTS 
METERS FEET FILE NO'. FILE NO'. Of any) CASING, WATER, ROCK, ETC 

40.5 132.8, 1; 
41 .0 134,5' r 
41.5 136.15 

:.72 
14 .36 

44, .00 2-
45.0 147.64 

4 ;.84 b\ 
4 
4 

162, 

51 , 16, ,32 l' 
51 ,5 168,96 

~~54,, ~~~~.1~7~ ____ ~ ____ +-______ ~ 
54 ,5 ~81 "Z. 
5 . 180.41 

,37 

~~+-----~-----+--------~ 
1.93 

1! 1.57 
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I GE~T/:' . ~rZStO/z 
geophysical services 

-",M!.:c·)"",.",~,----_BOR ING GEOPHYSICS FIELD LOG SUMMARY 
Borehole' 

SITE': 
CLIENT·: 
AUTHOR": 

CONTACT: 

DATE' ql,s M 9/11/09 
JOB', 'jC:1"'3-=J-'-li--'-'='-'--

PAGE": ( OF I -'--- , 
PHONE: _______ _ 

BOREHOLE CONSTRUCTION: CASED UNCASED~",--_--,.,--___ _ 
DIAMETERSANDDEPTHRANGES:}.1g" OTO lol....l ~· ___ TO __ _ 
BOREHOLE TOTAL DEPTH AS DRILLED': 10"1.. . "t o? '--' 
SURFACE CASING?: YES J( DEPTH TO BOTTOM OF =CC"A::-SI"'N::G-'" ,,'1"OI'I"; C"N::O,-------

DEPTH TO BEDROCK: y. S ~ :;;;::::-:::-::-===,.-
BOREHOLE FLUID: WATER __ : FRESH WATER MUD~: SALTWATER MUD __ ; 

LOGGING CREW' c.~~ .... , V G"",,..tez.. 

LOG TYPE" FILE NAME' DEPTH RANGE" DATE' TIMES' 
eLbb ~~QOUcL,,(.~t01 IJ:A Q!.,M1 1: .. 5- l:01/p_ 
Et.o(, M )Ilt>oJ.~LO&vPII z." .... ~s~ 3/(. ~5 ~ ".sl,~ ) '~Cf. -'f:bS ~ 

, 9/.,1'1 
6lPb M Jol>nlOLObvl'41.. 15- 31,~!i" ~I.,l.~ "'" -'/ ! 15 
I' - S v<44-ht 1'<30bIlM ""'" ., 1"i .0 - >1. Ovo- q"\I.~ Q',5'-- C;', '-lbp ............. 

,kN M)oD#,llltlf'ol 2.. 00 ''--40,2.0+ 9 116/'1 't:oCl!. - /o:o! 0.."""-

AN M\u tlAAUVP~)" <5,<.{- YI . .. ~+ (n,lb~ 10',0$- lo:ot~ 

I( . .. .... ·no OIlCAL1!i\pl tJA " 1.<1'1 /O: t.{D - 1l>:'tL 
. M~bD~C.('-vt411 2,.00.1 - 'n:z. ~ q It6 t" I';}O-(/:<{(, :(, ' ... M)o1)IU,.(L.1r~lIt >JA 9ft61.'! ,-z.:,,11 - IJ .. :I1{ 

ITEMS WITH' MUST BE COMPLETED. OTHER INFORMATION IS OPTIONAL 

I 
~ 
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AoCOUSTIC TELEVlE'h£R LOG FClfUII 1 1 "'" 

GEnUs/on 
lIeoJ)hysi.cnl se l'v i ces 

/'\ -1'011 ACOUSTIC TELEVIEWER FIELD LOG Rev 1.1 
B()(eh~e ' GEOVlSlONffl.ReS~COUSm; TEI.EVlEm"RPROCEDURE VI.O I 

SITE": u.,.....~ JvH'l ....... DATE~_·'J;Y~!.~'lt"=O'l====-__ CLIENT": j4,.1c"Th(.. JOB": QP3 
AUTHOR": C.C;;;:W- PAGE 1 OF 2 
REVIEWER: (post field work) 

CONTACT: ___________ PHONE: Off~-,C",e!!." _________ _ 

CONTACT: ___________ PHONE: Off~-,C",e!!." _________ _ 

DRILLER :-::==========-_PHONE: Offc-'C"e,," _________ _ 
COMPANY:_ 

GENERAL SITE CONDIT10NSIlOCATION: 

COUNTY: RANGE: TOWNSHIP: SEC IIUN' 
BOREHOLE CONSTRUCTION: CASED UNCASED '\ 
DIAMETERS AND DEPTH RANGES: l,~OTO ~I,ir; __ , ro __ _ 

BOREHOLE TOTAL DEPTH AS DRILLED": ~t ,1 '& 
SURFACE CASING?: YES\l DEPTH TO BOTTOM OF CASING 'of"Z. ~ ; NO_ 
DEPTH TO BEDROCK: ..... ~ DEPTH TO WATER TABLE:"N~"'o-_ 
BOREHOLE FLUID: WATER..L.-: FRESH WATER MUD __ ; SALTWATER MUD __ , 

OTHER: 
DEPTH TO Biiio5iR,"E"H'iio5iL:EE"F"L:;:uiiiID5:,~t.~~'f:ll;k~=-~rnIMMEE'S,"IN"C"E;-LALMSl1r'lcOiIRRCCUUGLA'Cri1looNN,C}u..fE==-

LOGGING CREW C. &~o/ I V, G"",~ 
VEHICLE(S) USED AND MILEAGE: ----d 
MOBILIZED FRO:~'~f~(~.A~'~"'~'~"'1~~== DEPARTURE TIME:--",,·.-',J'--_____ _ ARRIVED ON SITE: '1 '. 1.$ 
STANDBY TIME: lJl4 CAUSE: ____________ _ 

ITEMS YtlTTH " MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

GEQVi.i<m Gupllyslclfl Scn>ku 1114 Ulympic Dri~, C9tONO, C4 916" p~ (951) 549·12J~ f): (951J 549·12J6 
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ACOUSTIC TElEVlEW2R lOG FORM 11 pdf 

GNDftston 
geophysical seruices 

.L!1,-'-:ldC!V~"-:-,ACOUSTIC TELEVIEWER FIELD LOG Rev 1.1 
Ekxehole' GEOVISION HI-RES Acousnc TELEVlE\'..ER PROCEDURE Vl.0 

SITE-, ~,,&-- A~"~ DATE-, 11'It'1 
CLIENT': t,,\JI~ Co / JOB": n}) 
AUTHOR": q.c...,....--:tOiiA PAGE 2 OF 2 
REVIEWER: (post field work) 

WINCH: COMPROBE __ SILVER~OYO OTHER ______ _ 
MICROLOGGER" 5310_ 5772 X fU'/,1 
TELEVIEWER' ACOUSTIC #5174 -\l-U OTHER b6'f1 
SHEAVE' COMPROBE__ OYO 101 102~ 103__ RG, ___ _ 

-(1/1.1 PROBE TIL HEST' '\') BRUNTON TILT' q) 
bU t1 PROBE TILT TEST"I'Il'ti"ii., BRUNTON TILT" ..2rft t.<. "INt., Jt( 

PROBE TILT TEST" 1 "2..,"f1 .. BRUNTON TILT" 13 AFTER LOG' ~ 
PROBE AZIMUTH TEST" '2. n.10 .PR..UNTON AZIMUTH" 1. I I 

a- 111~Wt PROBE AZIMUTH TEST" ,~ ~f:nJNTON AZIMUTH"..J!1:.. JO GL .,/./oI/)" 
IMUTH TEST" lV.l/t> BRUNTON AZIMUTH" ];S"b AFTERLOG"~ PROBE AZ 

PROBE OFFSET' 1.44M(4.72FT) 
MINUS CASING STICK-UP' /..1, } 
DEPTH REF. OFFSET AT START" " '" REF TO GROUND SURFACE 
DEPTH REF. OFFSET AT END" 7 ./.7 .. 
AFTER SURVEY DEPTH ERROR ' .OL 

START START END END 
LOG NAME" DEPTH" TIME DEPTH ' TIME 

lb~ VIJ'~ 
,. I . 1./0. '- I():b 

}o\)tlJ.IJV or"l.. f>- IV: uS I . v: b 

MAINTENANCE PERFORMED ON SITE": (N/A if none) 

DEVIATION FROM PROCEDURE (IF ANY) OR EQUIPMENT PROBLEMS OR FAILURES1:N/A if none) 
tJ·> 

ITEMS WITH' MUST BE COMPLETED. OTHER INFORMATION IS OPTIONAL 

I {U OIJ·"'p;c Dr;"", Corolla. CA 91881 PI. (951) 549 .. 11J4 F.~ (951) 549 .. 11J6 
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CALIPER FIELD LOG REV 1 2PDF 

geophysical setuices CALIPER FIELD LOG 
Borehole' Procedure ASTM 06167-97(2004) 

DATE"~'I~y~II .. ~I~200~',===== JOB': 13;E 
PAGE: 1 OF 2 

CONTACT: ___________ PHONE: O!!."..,C"'e!!." _______ _ 

CONTACT: ___________ PHONE: Of!!.' ..,C"'e!!." _______ _ 

CONTACT: ___________ PHONE: O"'''..,C'''e!!.'' _______ _ 

DRILLER -==========_PHONE: O!!.".."C"'e"-" _______ _ COMPANY:_ -

GENERAL SITE CONDITIONS/LOCATION: 

COUNTY: RANGE: TOWNSHIP: SECTION 
BOREHOLE CONSTRUCTION: CASED UNCASED __ 
DIAMETERS AND DEPTH RANGES: 3,10' 0 TO 2.()k~ £t , __ , TO __ _ 

BOREHOLE TOTAL DEPTH AS DRILLEO": 2o{,"1=f+ 

SURFACE CASING?: YES...,JL DEPTH TO BOTTOM OF CASING J.{2-1'r ; NO __ 
DEPTH TO BEDROCK ,,-'1.{1.. Fr DEPTH TO WATER TABlE:~.,~.;;,-__ 
BOREHOLE FLUID: WATER~; FRESH WATER MUD _ _ ; SALT WATER MUD __ , 

OTHER:~R§~~Ftlml~~£!=--llI"'~~~ST,",,,"JLPOlc"'~~~=: DEPTH TO BOREHOLE FLUID: 2...,.- 17, TIME SINCE LAST CIRCULATION: 'fIJI ;:. 

LOGGING CREW: '1/ Gor\2.'fLt4' C. Corte.--
VEHICLE(S) USED AND MILEAGE: 
MOBILIZED FROM: F<"ccALr,,,'ubu,-, DEPARTURE TIME: (,:/ t" 
ARRIVED ON SITE: 3:: I (" 

STANDBY TIME: tJ{'" CAUSE: ____________ _ 

ITEMS WITH ' MUST BE COMPLETED, OTHER INFORMA TlON IS OPTIONAL 

1114 Ulympic J)r/"" 0"0/10, Col 9111111 1'1, (951) 549_1234 F~' (951) 549-/136 
I 

l 
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CAliPER FIELD LOG REV 1.2 PDf 

M -30DH CALIPER FIELD LOG 
Borehole' Proceduro ASTM D6167·97(2004) 

SITE": (\10<+1) P-nfl<>. DATE' : 
CLIENT' : Mqc.+ec.. JOB' : 
AUTHOR' : )/ , ' '''''tAlL], PAGE: PAGE 2 OF 2 

WI NCH: COMPROBE SILVER )( OYO RG OTHER, ____ _ 

MICROLOGGER' 53101f5772 ~~O~T~H~ER~~1oO~2i~"'~'~\"'I~"~;;:;:::;:::=== CALIPER PROBE· 5368 OTHER j;1.Z,1 
SHEAVE' COMPROBE OYO 1010 102 GIU 103 0 RG U 

PROBE OFFSET 2.08M(6.82 FT) 121N MAX 
MINUS CASING STICK-UP' ).06 IT } DEPTH REF, OFFSET AT START' ..r:l&l rr REF TO GROUND SURFACE 
DEPTH REF. OFFSET AT END' .$'.10 Fe: 
AFTER SURVEY DEPTH ERROR' -

START START END END 
LOG NAME' DEPTH " TIME" DEPTH" TIME' 

" • 1 :30 31. UI H ' I ~ 
0 , ~ 0, "'~ : 

• :O() Nt fl. 'OJ 

CALIBRATION PLATE SIN 201 AS BUILT PVCFIITING 
1.968 IN 3.937 IN B.OOO IN 4.504 IN 

FILE NAME 50MM 100MM 203.2 MM 114.4 MM 
ASMEAS.' .T z. .oo • • . 'l. 
AS MEAS.· M,iJ t ~ GA.vTtm'bl. .,.., . ,.'s- 8 . 0:1 'I .... 
AS MEAS. 
ASMEAS. 
ASMEAS. 
ASMEAS. 

MAINTENANCE PERFORMED ON SITE· : «11 A • (NJA if none) 

EQUIPMENT PROBLEMS OR FAILURES' : ..J( A (NIA if none) 

SUGGESTIONS, ADDITIONS, CHANGES: 

ITEMS WITH' MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

IrU f}1J'mpk Dri~ CflltJlIlI, CA 9166' PI! (951) 549_1134 Fx(951) 549-1136 
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BORING SUMMARY LOG REV 1.la.pdf 

GE~!i:Szo/Z 
geophysical services 

,:,K,--:-~""oLl>>\,,---_,BORING GEOPHYSICS FIELD LOG SUMMARY 
Borehole" 

DATE': 9/'7/01 SITE·: North An"n"",--_________ _ 
CLIENT-: MACTEC JOB·: 9333 
AUTHOW: C. Carter PAGE-: -=-~'/:'~~::-O:CF::---'-/--

CONTACT: PHONE: _______ _ 

BOREHOLE CONSTRUCTION: CASED UNCASED 
DIAMETERS AND DEPTH RANGES: 1.1& I I 0 TO 2-0( .1 ~: __ ,----,T"O::-----
BOREHOLE TOTAL DEPTH AS DRILLED·: 'lc (.1 Ofl 
SURFACE CASING?; YES~ DEPTH TO BOnOM OF CASING lOff ; NO' __ _ 
DEPTH TO BEDROCK: ..... '-i 1.. ~ 
BOREHOLE FLUID: WATER __ : F-CR"E"S"CHC"W"A"T::E=R-:M·U·D:-·--{.. ; SALT WATER MUD __ : 

LOGGING CREW: C. Carter, V. Gonzalez 

• lo 
~ . 

LOG TYPE- FILE NAME" DEPTH RANGE· DATE" TIMES· 
sLDb Le" M J 0 "J)4l€' L,On <.>. ,..,A ~ I"~ Ie, ~'.J" - 'ir:H~_ 
Ez..."b p.\~OIH~eltlbvtb t~.Y -l".'~ UI1 I., 9"7- 9:",......-.-
p~S v&'i~.fy ~"ot>j.\~v$'o.n..... V2-- L.t- 16.o_ '1m 10' T':3~- ~ :>4_ 

A-rV M~o C>rI ,.i(.lUP(») <158- 5,'/ ~ 11,, /., lo: z..6-//):) r;~ 

( '.y fJ' .... OJ)loI.C .. c..."fe""tT J t-JA ~ (1"11., If : (j'O - /J :0) 0..--

r. • o/Y i"'\l()\)~(,..A I.. r~,Tb if /JA '( 11~1.' !{: )~ -11:Jt_ 
, 

"'" }"OrlC4(....(.Ii'ol. ,0.1- ),1~ T",11Ff /l:U> -tl:U~ 

ITEMS WITII • MUST DE COMPLETED. OTHER INFORMATION IS OPTIONAL . GliOVI$lolI GeophysIcal Services . 115J Pomoua Road, UIlIII', Corollfl, CA 92881 I'h (951) 549-1134 I'x (951) 549·/136 
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ElOG fiELD lOG REV I " 

geophysical services 

CONTACT: ___________ PHONE: O,""-'C"o,," _____ _ 

CONTACT: ___________ PHONE: O,""-'C"O,," _____ _ 

CONTACT: ___________ PHONE: O,""-'C"o,," _____ _ 

CONTACT:-===========-_PHONE: O,""-'C"o,," ______ _ 
COMPANY:_ 

GENERAL SITE CONDITIONS/LOCATION: 

COUNTY: RANGE: TOVVNSHIP"r ____ SECTION: __ 
BOREHOLE CONSTRUCTION: CASED UNCASED 't. 
DIAMETERS AND DEPTH RANGES: J ~ 0 TO 2.L> I . ..,-p; -' TO __ _ 

BOREHOLE TOTAL DEPTH AS DRILLED': "1-c->\ .1 e+ 
SURFACE CASING?: YES f.. . DEPTH TO BOTTOM OF CASING 1 ..('--4- : NO_ • J 
DEPTH TO BEDROCK: ~L~ DEPTH TO WATER TABLE: .... 2.. S' IT 
BOREHOLE flUID: WATER __ : FRESH WATER MUD~ SALTWATER MUD __ , 

OTHER:'~REt~£FUJ~~~~~--nME~~LA~~CU~l<),~~;;=-DEPTH TO BOREHOLE FLUID: ..... z-W TIME SINCE LAST CIRCULATION: craW'-
lOGGING CREW, ~V ~ G6>\~ 
VEHICLE(S) USED AND MILEAGE: 

MOBILIZED FRO:M~' ~~~~~. ~, ~J,;;;;;;~~== DEPA TURE TIME: t: I!~ ARRIVED ON SITE: ~ ~ 
STANDBY TIME: /y .,4, CAUSE: ___________ _ 

ITEMS WITH' MUST BE COMPLETED" OTHER INFORMATION IS OPTIONAL 

IIU Oly ... pil: Dril'f'. CII'tHllI, or 92'81 Ph (95/) $49·/134 Fx (UI) $4,.,136 
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ELOG f lELO LOG REV 1 11 

G E (fjI1SZ07Z 
geophysical s€I'uices 

-;_",yI::;c':;:' ~=-,t>,--tt-,----_'E LOG FIE L 0 LOG 

PAGE20F2 

VVlNCH: COMPROBE SILVERtI<' OYO RG OTHER 
MICROLOGGER' 5310:g5772 ~ OTH~ ---
ELOG PROBE' 5490 OTHER 
SHEAVE' COMPROBE OYO 10010@lOU RG[] 

PROBE LENGTH 2.50M(8.20 FT) :n ·f PLUS YOKE 1O.0M (32.8 FT)' 
MINUS CASING STICK·UP' 
DEPTH REF. OFFSET AT START' 
DEPTH REF. OFFSET AT END' 
AFTER SURVEY DEPTH ERROR' 

17.,$ EFTO GROUND SURFACE 
.} . n } 

"\1 .15 
. ID 

START START END END 
LOG NAME' DEPTH ' TIME DEPTH" TIME 

K 0 6{.~6 <~6 '.' . . .. , {) "EI..C(..IJ L ", }4· , ... 

MAINTENANCE PERFORMED ON SITE': (N/A if none) 

EQUIPMENT PROBLEMS OR FAILURES' : (N/A If none) 

SUGGESTIONS, ADDITIONS, CHANGES: 

ITEMS WITH' MUSTBE CQMPLETED . OTHER INFORMATION IS OPTIONAL 

GEOvts/oll G~oJ!hJ'J/c,d Stn·icu 1114 Ulympic D,;VI!, CorOllll. C,I 92881 Ph (95/) 549-/2J4 F.~ (95/) 549-/136 
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P-S FIELD LOG REVV1 4 

GE~USton 
geophysical services 

P-S SUSPENSION VELOCITY FIELD LOG REV 1,4 
Borehole 

SITE': 
l CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 

IJ.-'L-.. A ",10'- DATE': ~I,.-,{{) r 
CLIENT' : 
AUTHOR': 

M'( Co (6 G- • JOB' : "''fi'::3 ""':;3""-----
(-'.."..'1« PAGE 1 OF_' _>",-_ 

CONTACT: __________ _ PHONE: Off Cell _______ _ 

CONTACT: __________ _ PHONE: Off Cell _______ _ 

CONTACT: _________ _ PHONE: Off Cel1 _______ _ 

CONTACT _________ _ PHONE: Off Cell _______ _ 

DIRECTIONS TO SITE: ______________________ _ 

GENERAL SITE CONDITIONSILOCATlON: 

COUNTY: ===",RANGE: =:=-__ TOWNSHIP: SECTION: ____ _ 
BOREHOLE CONSTRUCTION' : CASED 7U"'N:::C"A:::S"E=-D \( 
DIAMETERS AND DEPTH RANGES' : 1.'1g o1 0 TO '1..Jf .'7 pL . ~---,TO 
BOREHOLE TOTAL DEPTH AS DRILLED": 1.01.,,* . --' ----""----
SURFACE CASING?: 't?- DEPTH TO BOnOM OF CASING '1 ~ ; NO-,--:;-;,..,-_ 
DEPTH TO BEDROCK: 'fL..qt DEPTH TO WATER TABLE: ...... 2. 5 4*-
BOREHOLE FLUID: WATER __ ; FRESH WATER MUD~; SALT WATER MUD"': ___ _ 

OTHER :====~~~~;-~~.r-=::_~::_::~~~~::_::~~~7r----
DEPTH TO BOREHOLE FLUID' : ......... 5 ~::x: TIME SINCE LAST CIRCULATION: ~o.--

ITEMS WITH ' MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

GEOVisiofl GeophysICal $elVices \ 124 Olympic Drive. Corona, CA 9288 1 Ph (951) 549-1234 Fx (951) 549-1236 
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GE~J'lSton 
P-S FIELD LOG REVVl.( 

geophysical services 
LrI,---;""I7-,,~c::t\_P-S SUSPENSION VELOCITY FIELD LOG REV 1.4 

Borehole L CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 

SITE', IV'''{ • ''''- DATE"ITn01 
CLIENT' M,lc.jSS < JOS' ~'?i'j~3t3,~~~========= 
AUTHOW: _G.C~ PAGE 20F_'-->J __ 

LOGGING CREW, C.WW V. G",-uJ...,< 
MOBILIZED FROM: t:r~ld.~ ~ D~RE T1ME:._6=-' 1"'5 _ _ ___ _ 
ARRIVED ON S,TE:_7"a,.--=,-,-_4_--,-__ 
STANDSY TIME' __ -;;--,::-;-____ CAUSE'-:-:-:-___ ---,.=:-___ _ 
LOGGING STARTED: 9 '."\ S __ LOGGING COMPLETED: q : 52.6,.vo..-

BATTERIES CHANGED BEFORE LOGGING: YES __ ; NO~; STORED WITH NEW __ 
WINCH COMPROSE 0 GREY~ OYO 0 RGD OTH __ 
INSTRUMENT" OYO 120040 150148 190290 RG 160023~ 1600240 
RECEIVER SIN' 120080 20042 260660 11001 0 23053 D 30086 ~ 
ISOLATION TUBE SIN" 30008~ 240530 280680 28072 0 2M -;ro;---
SHEAVE' COMPROSE 0 OYO 10U 1O:gJ1O[] RG 0 
MICROLOGGER' 5310 0 5772 @ NOT APPLICABLE (OYO) 0 
PROBE OFFSET" OYO 2.0M 0 RG 2.5M ~ 
MINUS CASING STtCK-UP~ 1..0-"1- i'l"t ~ } 
DEPTH REF. OFFSET AT START" (,"{ 1: i'It (.,V REF TO GROUND SURFACE 
DEPTH REF. OFFSET AT END· / ' LfCj w'\ ,LI J (ol 
AFTER SURVEY DEPTH ERROR* ·pl W\ 

START START END END 
LOG NAME' DEPTH" TIME DEPTH ' TIME 
o .. v "b/!'\-'J,.JCo2. 2..C; .......... 'l ~S"2. ... __ 

MAINTENANCE PERFORMED ON SITE" : (N/A if none) 

EQUIPMENT PROBLEMS OR FAILURES' : (N/A if none) 

DEVIATIONS FROM TEST PLAN'· (N/A if none) 

ITEMS WITH' MUST BE COMPLETED. OTHER INFORMA nON IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic Orive. Corona. CA 92881 Ph (951) 549-1234 Fx (951) 549·1236 

l 
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p·s FIELD LOG REV , .~ 

""-"'btl GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE' : ~ A.!\"=- DATE':-,;~",/,:-I1=t",b~-,-____ _ 
CLIENT': nA~ JOB': Q,3,") 
AUTHOR' (~ PAGE' '3 OF ;, . 

ITEMS WITH· MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO' , FILE NO' (if anv) CASING, WATER. ROCK, ETC 

0.5 1.54 
1.0 3.28 
1.5 4.92 
2.0 6.56 
25 8.20 ..- q '.)? 
3.0 9.84 ..... 1 
3.5 11.46 ",.,,-
4.0 13.12 'U> 
4.5 14 .76 2P" 
5.0 16.40 1-D 

5.5 18.04 ><>' 
6.0 19.69 .,.... 
6.5 21.33 '2<> 
7.0 22.97 'A" 
7.5 24.61 , . 
8.0 26 .25 1.11 
8.5 27 .89 .,.,,-
9.0 29.53 U~ 
9.5 31.17 '2..L'i, 
10.0 32.81 1-'5 
10.5 34.45 1.1 , 

11 .0 3609 ,>-"1 
11 .5 37.73 u~ 

, 
12.0 39.37 V, 
12.5 41 .01 '2-'l.D 
13.0 42.65 .,.'2-1 
13.5 44.29 .... 1.-"-
14.0 45.93 V'-~ 
14.5 47 .57 .., 
15.0 49.21 ..... , 
15.5 50.85 ~'l.. 

16.0 52.49 .. ~ q~-S:2-

16.5 54 .1 3 
17.0 55.77 
17.5 57.41 
1B.O 59.06 
18.5 60.70 
19.0 62.34 
19.5 63.98 
20.0 65.62 
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Acousnc TELEVlEW:::R LOG FORM 1.l.pd! 

G~UStOlZ 
geophysica l sel'uices 

1A"1,~1-' ACOUSTIC TELEVIEWER FIELD LOG Rev 1.1 
Borehole" GEOVISIONHI·RES ACOtlSnC TELEII/EWER PROCEDURE VI.C ( 

SITE", 1J..rl'- A~~~ DATE", 1 tl WI 
CLIENT': MA c. -ret:.. JOB,:';:~q~j~i~-:,~~===~ __ 
AUTHOR': C.c.,.....:t<:W PAGE 1 OF 2 
REVIEWER: (post field work) 

CONTACT: ___________ PHONE: O·~ff-"C"""_" _________ _ 

CONTACT: ___________ PHONE: O~ff-,C"""_,, ________ _ 

DRILLER .-===========_PHONE: ocff."C",,,,, _________ _ 
COMPANY:_ 

GENERAL SITE CONDITIONS/LOCATION: 

COUNTY: RANGE: TOWNSHIp· SECTION: 
BOREHOLE CONSTRUCTION: CASED UNCASED~ 
DIAMETERS AND DEPTH RANGES: ., ~ 0 TO :u.t.~ __ . TO __ _ 

BOREHOLE TOTAL DEPTH AS DRILLED': 2.b I. i.e-t 
SURFACE CASING?: YES~ ,DEPTH TO BOTTOM OF CASING J f+ ; NO 
DEPTH TO BEDROCK: .... q1.:.--:c-t DEPTH TO WATER TABLE:-~ 
BOREHOLE FLUID: WATER __ : FRESH WATER MUD~; SALTWATER MUD __ , 

OTHER:~RB~~RlLm5=~~=--cnM""","'''''~~cu~no~~o;~=-DEPTH TO BOREHOLE FLUID: 5 1+ TIME SINCE LAST CIRCULATION: Cfo,..w....... 

LOGGING CREW:~~C~"~~~eK~~~V~"~G='""'~~~~~~;;L:==== VEHICLE(S) USED AND MILEAGE: 
MOBILIZED FROM: ..... ~I.?k.) DEPARTURE TIME: : I 

ARRIVED ON SIT"E~':;;i1~""""~,,===~== STANDBY TIME:_ IJA CAUSE: ____________ _ 

ITEMS WITH ' MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

GEOVisiOl! G~"phJ"sirfll Serl'ic~s 1114 Olympir Drive, Crmmfl. 01 91811/ Ph (951) 5<19_ /1]4 F:r (9$1) 5<19-1236 
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ACOIJSTlC TElEVIEWER lOG FORM 1.1 pdt" 

G~U810n 
geophysical serv ices 

M -'}Dt.>~ ACOUSTIC TELEVIEWER FIELD LOG Rev 1.1 
Borehole' GEOVlSlON Hl.RES ACOUSTJC TELEVIEWERPROCEDVRE VI 0 

SITE ' , IJA .I~~ DATE' , qln iu'j 
CLIENT' , M./C-re c.. JOB" .--;-;"9~1 ... n,,,--____ _ 
AUTHOR': L,,-G:~.f (/( PAGE 2 OF 2 
REVIE'NER: (post field work) 

WI NCH: COM PROBE SILVER ~ OYO __ OTHER, ______ _ 
MICROLOGGER' 5310 5772 ~--
TELEVIEWER' ACOUSTIC #5174_ OTHER aLl) 
SHEAVE' COMPROBE__ OYO 101 102L 103 __ RG __ _ 

ql. 'IJ BRUNTON TILT' ::I'f~l~=:: n .}t BRUNTON TILT" t7 
PROBE TILT TEST" 
PROBE TILT TEST' 
PROBE TILT TEST" 
PROBE AZ IMUTH TEST" ~I$.)O BRUNTON AZIMUTW 3/b 

52. ~o BRUNTON TILT" fl- AFTER LOG'* 

PROBE AZ IMUTH TEST' 2.'1j. 'S&> BRUNTON AZIMUTW 2.4, 
PROBE AZ IMUTH TEST" "1 rz.·'1OBRUNTON AZIMUTH' I II 't AFTER LOG' ~ 

PROBE OFFSET' 1.44M(4.72FT) 
MINUS CASING STICK,UP.' 1 }5 } 
DEPTH REF . OFFSET AT START' ~ REF TO GROUND SURFACE 
DEPTH REF . OFFSET AT eND' I.> 
AFTER SURVEY DEPTH ERROR' 

START START END END 
LOG NAME' DEPTH ' TIME DEPTH' TIME 
DD ..... "'V 01 4 11.1 '.2.6 $ . I-D· 

MAINTENANCE PERFORMED ON SITE' : (N/A if none) 

DEVIATION FROM PROCEDURE (IF ANY) OR EQUIPMENT PROBLEMS OR FAILURES1N1A if none) 
~J.A 

ITEMS WITH' MUST BE COMPLETED . OTHER INFORMATION IS OPTIONAL 

G£ OV'Jlotl vtOpltJlicll1 Surlcu 1114 Olympic n,iw, CfNO"", CA 92881 Ph (95/) 549-1134 Fx (951) 549-/136 
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CAlIPEo'I FiElD LOG REV I 2 PDF 

geophysical services CALIPER FIELD LOG 
Borehole' Pf'OC6dure ASTM D6167·97(2004) 

SITE": {\Lrt,,- Al\flp-

CLIENT': :!",~.~<~tc,..~~2~====== AUTHOR' ; -" Mf)h\tg..} 

DATE', '1/r'-/Ze<11 
JOB" ~ , 

PAGE'- ~ 
CONTACT: _____ __________ PHONE: O,"ff~C~e~" ________ _ 

CONTACT: ____________ PHONE: O"ff--'C"e"'-" _______ __ 

CONTACT: ____________ PHONE: O,"ff--'C"e"-" _______ __ 

DRILLER _--===========----PHONE: O,"ff~C"e~" ________ _ 
COMPANY:_ 

GENERAL SITE CONDITIONS/LOCATION: ________________ _ 

COUNTY: RANGE: TOWNSHIP: _____ SECTION: __ 
BOREHOLE CONSTRUCTION: CASED __ UNCASED __ 
DIAMETERS AND DEPTH RANGES: '3.10 ' 0 TO 2Ol!'l= FT , __ , ___ TO __ _ 

BOREHOLE TOTAL DEPTH AS DRILLED': .. 2P""'I".TL-_ _ _ 
SURFACE CASING?: YES....:L- DEPTH TO BOnOM OF CASING 7"+ : NO 
DEPTH TO BEDROCK: y.2.& DEPTH TO WATER TABLE: ii1F 
BOREHOLE FLUID: WATE'R __ : FRESH WATER MUD_< ___ ; SALTWATER MUD __ ; 

OTHER:-"OREHOLEFUJiDCi2]==--1m"'SO""CU~~RDUU""''''~~== DEPTH TO BOREHOLE FLUID: ,;7 A TIME SINCE LAST CIRCULATION: AJ14. 

LOGGING CREW J.C.OOl< 1,4. c, CAn,.--
VEHICLE(S) USED A~D MILEAGt 
MOBILIZED FROM: ~j'cksbvr~, VJ1 DEPARTURE TIME: kIt 
ARRIVED ON SITE: "11 r 
STANDBY TIME: IIJA CAUSE: _ _ _____ ____ _ 

ITEMS WITH ' MUST BE COMPLETED , OTHER INFORMA nON IS OPTIONAL 

GF.OVisi(HI G~pIr,sictll Strvi= /114 OIynrpic n,i~ Co,ono, CA 92681 Ph ('J5I) M'J.llJ4 Fx (951) 549·1236 
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CALIPER FlEto tOG REV 1 2-POf 

geophysical services 
M -3W(-I CALIPER FIELD LOG 

Borehole' Procedure ASTM D6167-97(2004) 

SITE' , No ,..\;, ~~o.. DATE" 

CLIENT': ~M>t.:~~;;~",~~~~=====JOB': AUTHOR': =V 4oo PAGE: PAGE 2 OF 2 

VVlNCH: COMPROBE SILVER~OYO __ RG, ___ OTHER, ___ _ 
MICROlOGGER" S310:gS772 l:6J OTHER 
CALIPER PROBE' 5368 OTHER ;"~"~~~I;;'-"';;:;:::;:==:::;;;;:::;:=== 
SHEAVE' COM PROBE OYO 1010 [02 [;d 103 0 RGO 

",,'1\"\'1 

PROBE OFFSET 
MINUS CASING STICK-UP' 
DEPTH REF. OFFSET AT START' 
DEPTH REF. OFFSET AT END' 
AFTER SURVEY DEPTH ERROR' 

START 
lOG NAME' DEPTH' 

• " 
N Q 

CALIBRATION PLATE SIN 201 

MAINTENANCE PERFORMED ON SITE' : 

EQUIPMENT PROBLEMS OR FAILURES': 

SUGGESTIONS. ADDITIONS, CHANGES: 

121N MAX 2.0BM(6.B2 FT) 

3.'''' } 3,«1 REF TO GROUND SURFACE 
3.tI£" ... 
START END END 
TIME' DEPTH' TIME' 

0 " It:(l 
I , I , 

~A 

(N/A jf none) 

(N/A if none) 

ITEMS WITH' MUST BE COMPLETED . OTHER INFORMA TlON IS OPTIONAL 

IIU Olympic Drl ... COrOllQ, CA 91/J10 1'# (Y51) 54Y-11N Fx (951) 549_1136 
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W ork Instruction N o.9 
North Anna 3 P roject 

MACTEC Engineering and Consulting, Inc. 
Project Number. 6468-09-2473 

,. Issued To:, __ ClwIQ:\!!!l"..,C"",,,,,,",,,".hnIllJDi>',,,,,Il1.., V~I""'fqI"'Gi<Q.""O<lk."""R.Q_"'"S"".ll."Itl(G""EO"'VJJisilio.'"I ____ ~Rov. No.----L... -I 
, Issued By: p; \Sleven Copley. P:E, DR Date: _CS._..,""'."UllW'.OO.'L _______ _ , 9~'I(- C!~ 

~Vali~ ,~~-,-~S~""~_""'=~14'"-"2QO""''------------~,T,o: ::-JS~'~~:'on~""=:':14":,='=01~Q':::::-::=_==_ 

Task DescrIption: DoWDhole GcopbysjcaI Testing to include P-S Logging, Natural gamma, spontaneous potcntial, single-
point resistance, long-and short-normal resistivity, three arm caliper and directional survey testing; rmew IUld interpretation 
of results; report preparation . 

Applicable Technical Pr()Cedures or Plaus. or otber refereoce: 

MACI'EC GeotecImical Wod: Plan (latest revision), 00 file at the field office:. 
Long- and short-normal resistivity, spontaneous palatial, single-point resistance. ASTMD 5753 - OS (attached) 
Three-ann caliper, ASTM D 6167 - 97 (Reapproved 20(4) (attached) 
Natural gamma, ASTM D 6274 - 98 (Reapproved 20(4) (attached) 
Diroctional Survey, QcoVision Procedure HiRAT FieldProcedure Rev. 1.0 (attached) 
GeoVision Procedure for OYO P-S Suspension Seismic Velocity Logging (Rev. 1.4) (attached) 

Specific Instructions (note attac:hments where necessary): 

MAcrEC willperform drillini oftherefcrenced boreholes prior to ~ the aeophysicailoWtl£. A MACfEC drill 
rig will remain at the boring location to install casiog, refresh drillina mud, and assist Ceo Vision as needed '10 complete the 
logging. The geopbysjca1 loggiog should be condu.cted in. each designated borehole using a sequence of tests that will 
optimize data collection and data quality. 

Report Format: Use GeoVision field data forms as approved by MACrEC (attached). Present results oflogging in data 
report. Include electronic copies of digital logs 00 CD with report. 

Specific Quality As~uranee Procedures Applicable: QAP 20-1 , QAF-Reporting Nuclear-related Defects or 
Noncompiianccs, per Federal Regulation lOCFR2l and Section 206 of the Energy Reorganization Act of 1974. 

Hold Poiots or W itness Points: None: 

~: All records geneJ;1lted shall be considered QA R~. 

Reviewed and Approved By (Note: Only one signature required for issuance): 

Project Manager:=-_7'"7 ___ "7~-.------~-Date: _ _ :-_ _____ _ 
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PROCEDURE FOR USING THE ROBERTSON GEOLOGGING HI-RESOLUTION 
ACOUSTIC TELEVIEWER (HiRAT) 

Reviewed 2/1 3/06 () ~A 3 
12.JW A ,w ~f'I'UX" b"" f"lJ>-vT'tff.. -m.. "'""'",.,... , .... .. 

Background ~~~ ,IJ1~cAt'?,..l1fh .. c,/",.", A.ts,.o--'/ 0/1'1/0/1 
The acoustic televiewer Is a l';;;-;~r-producm9 a qualitative Image of the wall of a borehole. Because It 
uses ultrasound rather than visible light it is able to work In dirty or opaque borehole nuids, although 
heavy drilling mud will cause excessive dispersion of the acoustic beam. The picture below shows the 
sonde's lower nylon sectlon, and one of the bowspring attachments which are used to centralize the 
sonde in the borehole. 

Pulses 01 ultrasound (0.5 - 1.5MHz) are generated by a piozo-electric resonator. 
The pulses are transmitted through the oil in which the resonator Is Immersed, 
through the wall of the acoustic housing. th6f1 propagate through the borehole nuld 
and are reflected from the wall 01 the borehole. The reflected energy Is picked up 
by the same transducer, from which is recorded both the amplitude of the 
retumed pulse and the travel·time which have elapsed. Blanking must be applied 
to prevent the transducer from registering reflections from the inside surface of the 
acoustic housing, The material of the housing is chosan so that its acoustic 
properties are similar 10 the oil which fills i\' The housing is not designed to 
wi thstand borehole flu id pressures, but has a piston device to allow equalization 
between inside and outside pressure. 

The amplitude of the returned p4Jlse Is a function of the acoustic renectivlty of the 
borehole wall. If the beam strikes a hard borehole wall nonnally to the surface the 
energy w~1 be returned to the transducer and a stroog return will be recorded. If the 
formation is softer, then less energy will be reflected. Also, jf the surface of the 
borehole is rough, Of effectively missing because of the presence of a fracture or 
other structure. then energy will be dispersed and a poor return will be recorded. 

The travel· time Is a simple functioo of the diameter of the borehole and the 
velocity of sound in the borehole nuld (typically 1.SKmlsec). An AID converter 
monitors the output from the transducer once the blanking period has expired end 
a comparator is used to detect the peak amplitude during the sampling window. 

The coaxially·mounted transducer has a planar radiating surface. but the vibration 
characteristics are such that the acoustic pulse is emitted as a 'pencil' beam. The 
emitted beam is deflected by a planar mirror so that It leaves the acoustic housing 
at right angles to the soode axis. The mirror is rotated to scan the borehole waU. 
The ultrasound pulses are synchronized with rotation of the mirror so that up to 
360 pulses are emitted in every revolution. Because of the time which must elapse 
for the two-way transit of the borehole fluid , there is an upper limit upon tha 
number of radial samples that may be acquired from a borehOle of a particular 
radius. In larger boreholes, therefore, it may be necessary to roduco Ihe number of 
radial samples. The sonde is able to operate at 90. 180 or 360 samples per 
revolution. 

GE (!JUsio/Z Hi·RAT Field Procedure 
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An image of the borehole wall is produced by moving the sonde along the borehole axis while it is 
scanning radially. By the same logic as shown above, it can be seen that any horizontal point will be 
imaged by more than one sweep of the acoustic beam so long as the axial movement of the sonde during 
one complete sweep is no greater than the beam diameter. An upper limit is therefore imposed upon the 
logging speed which will be a function of the rotational speed of the transducer, the radial sampling 
interval and borehole diameter. 

Objective

The objective of this procedure is to provide a pseudo “core” of the borehole, and map the orientation and 
angles of cracks and voids in rock boreholes.   

Instrumentation

This procedure is written specifically for the Robertson Geologging High-Resolution Acoustic Televiewer 
(HiRAT).  The required equipment includes: 

1. The Robertson High-Resolution Acoustic Televiewer (HiRAT) sonde with centralizers 

2. A 4-conductor wire-line winch with cable at least 30m (100ft) longer than the depth of the 
borehole (RG Smart Winch or equivalent.  GEOVision has adapted all our 4-conductor winches) 

3. A sheave with depth encoder with minimum 500 pulse/revolution 

4. A Robertson Geologging Micrologger II 

5. A laptop with Winlogger installed and the following minimum system requirements: 

� Windows 98SE or above  

� 64M System memory  

� 800x600x24 SVGA Display with DirectX 8.0  

� 500Mhz CPU  

� USB 2.0 connection 

6. Battery power supply with cables 

Environmental Conditions 
This tool is designed for fluid-filled boreholes between 67 and 150mm (3-6in) in rock.  Since fine cracks 
are usually not visible in the walls of soil borings, the televiewers add very little information from a soil 
boring than a simple video. Now if the boring has soil AND rock, televiewer visuals in the soil may still be 
useful.
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Calibration 
The acoustic televiewer uses the variability in reflectance and the travel time to make an image of the 
borehole wall, mostly resulting from relative differences of materials and the physical characteristics of the 
wall.  Since these are relative measurements, no field calibration of the sonde is required.  However, it is 
important that the same location in the borehole be checked at the start and finish of the logging to make 
sure that the response or functionality haven’t changed during the measurement.  

A test fixture may be used to check function of the acoustic televiewer prior to use. This test fixture should 
comprise a plastic pipe, with a known internal diameter between 3 and 6 inches. This should be filled with 
water and the sonde stood upright in the fixture. A target made of metal or metal foil is glued on the inside 
of the container, or optionally on a seal and shaft so that it can be moved in and out on a line radial to the 
center-line of the pipe.  A representation of this is shown in the figure below.  

The purpose of this test fixture is to check the ability of the sonde to differentiate between materials of 
different acoustic reflectances, and different travel times, and to check the calibration of the caliper 
function of the sensor using the measured diameter of the pipe.  However, if calibrated caliper 
measurements are required, it is recommended that a mechanical 3-arm caliper tool be used for this 
purpose because it can be calibrated in the field prior to use.  The HiRAT will give very accurate results 
but this procedure does not cover calibration. 
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Hi-RAT Field Procedure 
Because the logging software is a standalone module, there are a number of settings which must be 
initialized independently of the WinLogger software. These include the depth measurement subsystem 
and sonde operating modes. Click on ‘System’ on the menu bar to show the following dialog boxes:  

1.0 Log Mode 

The sonde can operate in three distinct modes:  

� Vertical mode is used for boreholes which are drilled from the surface and are deviated at less 
than 70 degrees from the vertical. Most exploration boreholes will fall into this class. In this mode 
the image is orientated according to compass directions (magnetic co-ordinates).  

� Horizontal mode is used for boreholes which are sub-horizontal so their inclination will probably 
exceed 70 degrees from the vertical. Boreholes in this class would normally be drilled as part of 
ground investigations for tunneling and mining, drilling ahead of a drive to determine the nature 
and extent of fracturing. In this mode the image is orientated according to gravitational 
coordinates (up/down) since there is no unique point of the image circle which can be orientated 
to North with any precision.  

� Test mode is used to exercise all sonde functions without creating a log. The image will scroll on 
the screen in the normal fashion, and orientation readouts will be refreshed continuously.  

2.0 Scan Parameters 

The scan parameters control the radial sampling of the borehole. The values will be retained between 
logging sessions, so the sonde will be initialized correctly at power-on. There are three parameters in the 
dialog:
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� The radial sampling rate can be set to one of 90, 120, 180, 360 samples per revolution. There is a 
relationship between the logging speed and the radial sampling rate, since the time taken to send 
the dataset to the surface depends upon its length. The size of the log file is also determined by 
the radial sampling rate. The probe will always try to use the maximum head speed entered. If 
limited by a low Baud rate or a large ‘window’ setting then the probe will reduce its head speed 
automatically to compensate - see sonde operation section.  

3.0 Depth Wheel Configuration 

The depth measurement system is dependent upon the combination of depth measurement wheel with its 
calibrated groove, and the shaft encoder which translates rotation into pulses which are counted by the 
logging system controller. Two parameters are therefore required: depth wheel circumference and 
encoder pulse rate. The encoder parameters are covered in a subsequent topic.  

� Select Metric or Imperial depth measurement units from the left-hand pane.  

� Type the circumference of the depth measurement wheel into the ’wheel size’ box. The standard 
sizes of GEOVision wheels are 1000mm. If you are measuring in Imperial units (or changing back 
to metric units), the standard wheel size can be converted automatically by clicking the left mouse 
button and choosing the appropriate conversion. The size is always specified in units of 1/1000 of 
the depth unit i.e. millimetres (mm) or millifeet (mft).  

Page 32 of 66 
DCN# NAP135

MACTEC Engineering and Consulting, Inc.
North Anna 3 Project Project 6468-09-2473

GEOVision Report 9333-01 North Anna 3 Boring Geophysics rev 0 November 3, 2009          Page 183 of 217
DCN# NAP272

Volume 1, Revision 0 Page 460 of 542 DCN NAP307



Hi-RAT Field Procedure 
Rev 1.0  2-10-06  Page 6GE

4.0 Encoder Configuration 

The depth measurement system is dependent upon the combination of depth measurement wheel with its 
calibrated groove, and the shaft encoder which translates rotation into pulses which are counted by the 
logging system controller. The depth wheel circumference is covered in a previous topic. In order to 
accommodate a variety of encoders, their operational characteristics can be configured in the software.  

� Select supply voltage from the radio buttons in the left-hand pane. The options are 5 Volt and 12 
Volt. GEOVision encoders are always specified for 5 Volt operation.  

� Type the number of pulses emitted per revolution into the central box. The standard values for all 
GEOVision winches are 500 pulses/rev. 

� The logical direction of movement can be reversed if required to accommodate the directional 
characteristics (phase lead or lag) of the different encoder types.  

5.0 Winch and Cable Configuration 

Support for remote control of the RG Smart Winch is provided, and can be enabled by checking the 
Enable control in the left-hand Smart Winch pane. If the Smart Winch control is enabled, it is also 
necessary to select the measure units in force - select Metric or Imperial from the radio buttons on offer.  
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The Baud settings can be chosen to match the quality of the communication channel. The channel will be 
effected by cable type and length. Typically a Baudrate of 312.5K is used. The remaining controls in the 
dialog relate to the communications parameters. The operation is entirely compatible with the WinLogger 
software operation and the values would be expected to be the same as those in force for logging six-
channel type sondes with that software. (Certain probe types may be fitted with a digital interface that 
does not require set-up and in this case the parameter edit boxes will not appear.)  

� Cable Option is used to select the logging cable type which is available on the winch. The 
options are Not Connected, Std. 4 Core, Differential and Monocable. The only cable types used in 
GEOVision systems is Std. 4 Core. Select the appropriate type from the drop-down menu box. 
Note this value can only be changed when the probe power is turned off.

� Gain is related to cable length and uphole signal attenuation. Gain values range from 0-3 and 
control the amplification applied to the incoming signal. Use the Scope dialog to visualize the 
incoming signals. Gain should be set so that the signal reaches between 70% and 100% of the 
height of the display, generally obtained with a setting of 0 for GEOVision winches. If the peak 
height exceeds this level, clipping will result in artifacts which will be detected erroneously. Click 
Apply to set the parameters before proceeding to the Scope dialog.  

� Threshold is the level at which the incoming signals are detected. Gain and Threshold are 
related, and can be visualized using the Scope dialog. Set the gain so that the signal reaches 
between 70% and 100% of the height of the display. Then adjust the threshold so that it is 
between 50% and 70% of the height of the pulses displayed and clear of any region of ‘overshoot’ 
of the positive and negative pulses. This will ensure that peaks are detected and noise is ignored. 
Generally a setting of 25 is used for GEOVision winches. When the scope dialog is displayed, the 
position of the mouse is reported as a threshold value to make it simpler to infer the correct 
setting. The scope option is greyed out when the probe power is turned off.  

� Drive sets the strength of the downhole signal. It is not possible to visualize the downhole signal, 
but the effect of insufficient drive is to disable downhole communication, which will result in the 
commands being ignored by the sonde. Values range from 0 -127, and for GEOVision winches 
will be around 10. Increase the drive for longer cables.  

� Pulse Width This is the width of the transmitted communication pulses in 100nS steps. The 
default is 25 equivalent to 2.5uS. The range is from 8 to 64. The pulse width can be reduced to 
prevent signal overshoot on short cables. The default value is used in most cases. Note any 
changes only come into effect during a log. (Note setting too large a pulse width when using the 
highest Baud rates will automatically be prevented within the probe and the pulse width reduced.)  

IMPORTANT Please note the effects of changing ‘Baud’ will not appear until the first new log is made. 
The setting for ‘threshold’ may be effected by an increase in the ‘Baud’ rate please recheck ‘threshold’ if 
‘Baud’ is altered using the ‘Scope’ function after making a short test log.  

The parameters which are entered will be applied automatically if you close the dialog with OK. The 
above parameters once set correctly will be remembered by the system and should never need to be 
altered.

6.0 Probe Configuration 

The probe is normally energized at 90 Volts from the surface. However, it may be necessary to 
compensate for voltage drop on longer cables due to the higher power draw of this sonde. The voltage at 
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the surface may be increased in order to deliver 90 Volts at the sonde. Simply type the value into the text 
box provided. The voltage should be set at 90V for all GEOVision winches. Values outside the indicated 
range will be rejected.  

7.0 Positional Configuration 

The probe includes a 3-axis orientation package, and is capable of producing a borehole image aligned to 
geographic North. This is achieved by determining and applying two image rotation parameters:  

� Magnetic Declination is used to correct for the difference between Magnetic North and True 
North. The value varies from place to place, so the local value must be inserted here if you wish 
to perform this correction during data collection. This correction may also be made during 
processing.  If the value is zero, the log will be referred to Magnetic North. 

� Align to North is a check-box used to select image rotation to start at Magnetic North. If in 
addition a value is set for Magnetic Declination (see above) the image will be rotated to start at 
True North. If the box is not checked, the image will not be oriented to geographic co-ordinates, 
but will use the local co-ordinate frame of the sonde (X, Y, Z axis of the orientation module). This 
mode may be used to inspect the inside of magnetic casing, where an orientated image would be 
subjected to random effects caused by the metalwork.  

� Set-up mode is selected by checking the Setup box, and is used to determine the required image 
rotation offset to correct for the angle between the axis of the orientation package and the index 
mark of the rotating transducer section. In set-up mode the normal sonde azimuth display is 
modified, and will instead show the ‘relative bearing’ which is measured between the high side of 
the borehole and the orientation sensor index. Check Setup, then OK to close the dialog. The 
icon adjacent to the sonde azimuth readout at the top of the screen is modified with the legend 
CAL when the system is in set-up mode. The sonde must now be placed in a stand or jig so that it 
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is inclined at about 20 degrees to the vertical, and adjacent to a target fixed to the jig so that it is 
directly above the transducer in the vertical plane. Lower the sonde with its attachment into a 
large bucket of water so that the transducer and target are fully immersed. Start the radial 
amplitude display, when it will be possible to see the strong signal returning from the target. 
Rotate the sonde so that the image of the target moves to the top of the display. When the two 
are coincident, the ‘relative bearing’ reads out the image rotation offset. This value is fixed for the 
sonde unless it is disassembled and rebuilt, at which point the procedure MUST be repeated. 
Please see the additional topic on the Radial Amplitude Display for further details.  

� The Serial Number list box is used to select the sonde which is in use. When the appropriate 
sonde is selected, the image rotation offset determined by the above procedure is selected. To 
edit the image offset click the ‘Edit’ and enter the new offset. Several serial numbers and 
associated offsets can be stored and selected as required.  

8.0 Graphical 

The palette can be changed between a colored and grey scale setting. The changes affect the log screen 
palette display and are also applied when replaying a log. Selecting Full range in the ‘AGC Palette’ will 
cause the software to spread the palette over the full 16bit signal. ‘Mid range’ will spread the palette over 
the first quarter of the 16bit range and ‘Low range’ will spread the palette over the first eighth of the 16 bit 
range. In most cases the ‘Low range’ selection is used. Note these settings do not affect the stored log 
data in any way. The ‘Filter Width’ is applied to the Natural Gamma trace data and is a simply running 
average filter. The range of the filter width is from 1 to 50 ( x 10 millidepth units ie. mm or mft).  

9.0 Sonde Operation 

When the operations specified above have been reviewed and the correct settings have been selected, 
the system is ready for use. The main screen area is divided into 3 horizontal elements. At the top is the 
depth and orientation readout, together with the scale headings for the scrolling display of unwrapped 
borehole image.  

On the left side of the depth track is the travel time display, with text boxes for sonde inclination, azimuth 
and head temperature.  
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On the right side is the display of amplitude and indication of current operating mode. Located in the 
center above the depth track are the text boxes for depth and cable speed (computed at the surface). The 
ranges for the ‘Natural Gamma’ channel overlay (optional) are shown above the Amplitude.  

The central area is utilized for the scrolling display of unwrapped borehole data. The display is orientated 
with the left edge corresponding to North point of the aligned image data (if orientation is selected) 
according to the outputs of the sonde’s orientation package.  

The lower area has controls for the winch (applicable to RG Smart Winch only), depth initialization and 
sonde control.  

The winch control area is only displayed when RG SmartWinch operation is enabled - see section 5 - and 
has four controls. Set Target Speed by typing the required speed into the window and pressing Enter.  

Cable movement is initiated by clicking on either the UP or DOWN arrow control.  

Cable movement is halted by clicking on the square STOP control.  

Depth is initialized by typing the required value into the entry box and pressing Enter. The entry box is not 
available at times when the system is in logging mode and the depth should not be changed by user 
entry.

Sonde power is applied by clicking on the green-colored 1 button. Power is turned off by clicking on the 
red-colored 0 button. There is no indicator for the state of the power supply on the desktop, so the 
external indicators should be observed for this purpose.  

To make a log ensure that the Test Mode is disabled - see section 1, Log Mode setting. Click File|New 
Log and select a filename. Old logs may be overwritten if necessary -TAKE CARE. The header editor will 
be started automatically. A previous set of header data may be loaded by clicking LOAD and choosing a 
template.

To start logging, click on the red Record (circle) control. The log data will start to scroll down the screen 
after a brief pause for synchronization. The messages “DSP2: Detecting data stream” and “Updating 
probe settings” will be observed at the bottom of the screen during this process. Note that the screen 
scrolling direction is not affected by the actual direction of movement of the sonde. To cease logging, click 
on the black STOP control (square).  The data should be immediately backed up to a USB drive, CD, or 
other data storage prior to beginning another log. 

If the data display from a probe which is properly connected appears to occupy only half of the track area, 

Page 37 of 66 
DCN# NAP135

MACTEC Engineering and Consulting, Inc.
North Anna 3 Project Project 6468-09-2473

GEOVision Report 9333-01 North Anna 3 Boring Geophysics rev 0 November 3, 2009          Page 188 of 217
DCN# NAP272

Volume 1, Revision 0 Page 465 of 542 DCN NAP307



Hi-RAT Field Procedure 
Rev 1.0  2-10-06  Page 11GE

with the remainder filled with random colors such as green which are not part of the regular palette, then it 
is most likely that the downhole data communication is not functioning properly. This symptom is due to 
the fact that the probe settings cannot be communicated properly, and it is operating in its default power-
up mode. If this is the case, the Drive setting of the System|Winch dialog should be increased or 
decreased accordingly. See section 5 for full details.  

To adjust the sonde gain it is necessary to use the Radial 
Amplitude plot, which is enabled by clicking on the circle with 
cross-hairs symbol. When the dialog is active a new window will 
open on top of the unwrapped data display. In this display, the 
data is presented as a ‘polar’ plot. Press the ‘View Amplitude’ 
button to display the amplitude plot. This plot shows amplitude 
increasing towards the outside of the circle and the compass 
direction following the sweep of the transducer. The line indicating 
the data is drawn in the regular palette, so that high amplitudes 
are drawn in white and low amplitudes in black/brown. The picture 
here shows the image of the inside of a cylinder.  

If the data is concentrated in a small circle at the center, the gain 
is too low and should be increased. If the data is obviously clipped 
at the outside of the circle, then the gain should be reduced. Type 
the new gain value into the entry box and press Enter. The ideal 

would be to set a gain value which allows the peak values to be displayed without clipping, with the 
majority of the data around the half-way level. It may also be necessary to adjust the blanking to ensure 
that internal reflections from the acoustic housing are not detected at the new gain value. This will be 
apparent in the unwrapped data display as pronounced patterning unrelated to the true target. The AGC 
option causes the probe to set gain automatically thus preventing signal saturation in most cases. (The 
gain is varied in 6dB steps  

Blanking Period and window length can be set independently. Blanking is set to avoid reflections from the 
housing of the acoustic transducer or random reflections from a rugose borehole, and window length is 
set to accommodate the range of borehole radius that might be expected. An error will be indicated if the 
sum of the blanking period and window length would be greater than 409 microseconds, which is the 
maximum range of the timer. The default value for the blanking period is 145 microseconds, which is the 
minimum required for the two-way transit from the transceiver to the outer surface of the acoustic 
housing. It is not advisable to reduce this value beyond the default setting, although it may be increased 
for larger boreholes at the rate of 1.5mm of one-way travel per microsecond.  

Window Length (sample time) defines the period during which the arrival gate remains open to detect the 
returned acoustic pulse. The acoustic pulse will travel in water at a speed of approximately 1.5mm per 
microsecond. The default window length is 150 microseconds, which is equivalent to 225 mm of (two-
way) travel in the borehole fluid, or approximately 110mm of borehole diameter. If this is added to the 
default blanking period, which is equivalent to the outside diameter of the acoustic housing, it can be seen 
that the default set-up will be correct for boreholes up to 150mm. An error will be indicated if the sum of 
the blanking period and window length would be greater than 409 microseconds, which is the maximum 
range of the timer. Choose your window setting to best match the borehole diameter. 
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Pressing the ‘View Travel time’ button changes the display to that shown below:  

The unhatched ring between the two cross hatched zones 
represents the sample window. The width of this ring will vary with 
window length value. The profile of a cylinder is represented here 
appearing as a circle in the sample window.  

Pressing this button displays the following dialog box:  

This box allows you to enable the Natural 
Gamma option by checking the ‘Enable 
Overlay’ check box. The Overlay appears 
as a trace upon the Amplitude plot. The 
trace range and color can also be set by 

this dialog. The level of filtering can also be altered (see section 8) (note that any displayed trace data is 
automatically aligned with the acoustic scan data but only when logging up. The Natural Gamma sensor 
occupies a higher position in the probe so sufficient data has to be prebuffered so that the acoustic data 
can depth aligned with gamma. The prebuffering results in a delay at the start of a log before correct 
gamma data appears this is normal.)  

Data Analysis and Interpretation 

RG-DIP, the manufacturer’s image interpretation package, offers manual and automatic feature 
recognition options. Feature orientations (dip/strike and azimuth) are automatically calculated. Display 
options include stereographic projections of zone axes, orientation frequency plots and 'synthetic cores' 
for comparison with real core data. The last option is invaluable for orientating core samples, particularly 
in the case of incomplete recovery.  
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MACTEC Engineering and Consulting , Inc. 
North Anna 3 Project 

Reporting 

Project 6468-09-2473 

The final report will include the objective and scope of the survey, location of the boreholes, discussion of 
instrumentation and procedures in the field and lab. For each borehole there will be a plot showing the 
dip/strike and azimuth of features. The next page shows an example. 

Assumptions and limitations of the results will be discussed. Supporting references will be listed as 
necessary 

Required Field Records 

Field log for each borehole showing 

a) Location and description of the borehole 

b) Date of test 

c) Field personnel 

d) Instrumentation 

e) Any deviations from test plan and action taken as a result 

This procedure has been reviewed and approved by the undersigned: 

Professional GeOPhySicist. ____ ---==a:.:."-":....:....~=~l.!P1.::C.::..r...J+----...;!=~--,Date Feb 13. 2006 

QA Review ~ ___ .Date Feb 13. 2006 

GEr!JUszon 
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Background 

PROCEDURE FOR 

OYO P-S SUSPENSION SEISMIC VELOCITY LOGGING 

f/lJ ,.,j..",- {I.wi~ ~ fv\f>.vr<r<- ",J 
"'f "".d tv ~ ~ tJ~ 4M ,- 3 f'a>J.w" 

r- ~ /hF/O"¢*I' /k/'u s .-"",'..,; 8- P-oq 

This procedure describes a method for measuring shear and compressional wave velocities in 
soil and rock. The OYO P~S Suspension Method is applied by generating shear and 
compressional waves in a borehole using the OYO P~S Suspension Logger borehole tool and 
measuring the travel time between two receiver geophones or hydrophones located in the 
same tool. 

Objective 

The outcome of this procedure is a plot and table of P and SH wave velocity versus depth for 
each borehole. Standard analysis is perfonned on receiver to receiver data. Processed data 
is presented in report format, and transmitted in Excel, Word or ASCII format. 

Instrumentation 

1. OYO Model 170 Digital Logging Rocorder, Robertson Model 3403 Digital 
Telemetry, or equivalent 

2. OYO P~S Suspension Logger probe or equivalent, including two sets horizontal and 
vertical geophones or hydrophones (hereafter referred to simply as "geophones"), 
seismic source, and power supply for the source and receivers 

3. Winch and winch controller, with logging cable 

4. Batteries to operate P-S Logger and winch 

The Suspension P~S Logger system, manufactured by OYO Corporation, or the Robertson 
Digital P-S Suspension Probe with the Robertson Micrologger2 are currently the only 
commercially available suspension logging systems. As shown in Figure 1, these systems 
consists of a borehole probe suspended by a cable and a recording/control electronics 
package on the surface. 

The suspension system probe consists of a combined reversible polarity solenoid horizontal 
shear-wave generator (SH) and compressional-wave generator (P), joined to two biaxial 
geophones by a flexible isolation cylinder. The separation of the two geophones is one meter, 
allowing average wave velocity in the region between the geophones to be determined by 
inversion of the wave travel time between the two geophones. The total length of the probe is 

GE (!JUsion Procedure for OYO P·S Suspension Seismic Velocity l ogging 
Rev 1.4 5120109 Page 1 
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approximately 7 meters; the center point of the geophones is approximately 4 meters above 
the bottom end of the probe. 

The probe receives control signals from, and sends the amplified geophone signals to, the 
instrumentation package on the surface via an armored 4 or 7 conductor cable. The cable is 
wound onto the drum of a winch and is used to support the probe. Cable travel is measured 
by a rotary encoder to provide probe depth data. 

The entire probe is suspended by the cable and may be centered in the borehole by nylon 
"whiskers." Therefore, source motion is not coupled directly to the borehole walls; rather, the 
source motion creates a horizontally propagating pressure wave in the fluid filling the borehole 
and surrounding the source. This pressure wave produces a horizontal displacement of the 
soil forming the wall of the borehole. This displacement propagates up and down the 
borehole wall, in turn causing a pressure wave to be generated in the fluid surrounding the 
geophones as the soil displacement wave passes their location. 

Environmental Conditions 

The OYO P-S Suspension Logging Method can be used in either cased or uncased 
boreholes. For best results, the uncased borehole must be between 10 and 20 cm in 
diameter, or 4 to 8 inches. A cased borehole may be as small as 3 inches, if properly grouted 
(see below). The grout annulus may be up to 2 inches for a 4 inch casing . A smaller annulus 
is preferred for 3 inch casing. . 

Uncased boreholes are preferred because the effects of the casing and grouting are removed. 
It is recommended that the borehole be drilled using the rotary mud method. This method 
does little damage to the borehole wall, and the drilling fluid coats and seals the borehole wall 
reducing fluid loss and wall collapse. The borehole fluid is required for the logging, and must 
be well circulated prior to logging. 

If the borehole must be cased, the casing must be PVC and property installed and grouted. 
Any voids in the grout will cause problems with the data. Likewise, large grout bulbs used to 
fill cavities will also cause problems. The grout must be set before testing. This means the 
grouting must take place at least 48 hours before testing. 

For borehole casing, applicable preparation procedures are presented in ASTM Standard 
D4428JD4428M-91 Section 4.1 (see ASTM website for copy). 

Calibration 

Calibration of the digital recorder is required. Calibration is limited to the timing accuracy of 
the recorder. GEOVision's "Suspension PS Logger Calibration Procedure- or equivalent 
should be used. Calibration must be performed on an annual basis. 

GE~JiSt07Z Procedure for OYO P-S Suspension Seismic Velocity Logging 
Rev 1.4 5/20/Og Page 2 
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Measurement Procedure 

The entire probe is lowered into the borehole to a specific measurement depth by the winch. 
A measurement sequence is then initiated by the operator from the instrumentation package 
control panel. No further operator intervention is then needed to complete the measurement 
sequence described below. 

The system electronics activates the SH-wave source in one direction and records the output 
of the two horizontally oriented geophone axes which are situated parallel to the axis of 
motion of the source. The source is then activated in the opposite direction, and the 
horizontal output signals are again recorded, producing a SH-wave record of polarity opposite 
to the previous record. The source is finally actuated in the first direction again, and the 
responses of the vertical geophone axes to the resultant P-wave are recorded during this 
sampling. 

The data from each geophone during each source activation is recorded as a different 
channel on the recording system. The seismograph has at least six channels (two 
simultaneous recording channels), each with at least a 12 bit 1024 sample record. Newer 
seismographs may have longer record lengths. The recorded data is displayed on a CRT or 
LCD display as six channels with a common time scale. Data is stored on digital media for 
further processing. Up to 8 sampling sequences can be stacked (averaged) to improve the 
signal to noise ratio of the signals. 

Review of the data on the display allows the operator to set the gains, filters, delay time, pulse 
length (energy), sample rate, and stacking number in order to optimize the quality of the data 
before recording . Digital media should be verified from time-to-time by opening saved files (at 
least one) and viewing stored data. This should also be done on transferred or back-up files 
(see item 2 under required Field Records). 

Typical depth spacing for measurements is 1.0 meters, or 3.3 feet. Alternative spacing is 0.5 
meter, or 1.6 feet. 

Required Field Records 

1) Field log for each borehole showing 

a) Borehole identification 

b) Date of test 

c) Tester or data recorder 

d) Description of measurement 

e) Any deviations from test plan and action taken as a result 

2) Data must be stored in at least 2 places, such as the laptop hard disk and CDRom, or hard 
disk and USB flash drive, or uploaded to FTP, prior to leaving the site. 

GE r!JUsio/Z Procedure for OYO P-S Suspension Seismic Velocity Logging 
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3) List of record 10 numbers (for data on digital media) and corresponding depth 

4) All removable digital media, such as CDRoms or USB flash drives with backup copies of 
data on hard disk, must be -labeled" with job number, borehole designation, record to 
number range, date, and tester name. For USB flash drives or hard disks on separate 
computers, the "label" can be a .txt file with this information, or even a PSLOG .sps file 
with preliminary information stored. File directories should have job number, project name 
and borehole name. 

An example Field Log is attached to this procedure. 

Analysis 

Following completion of field work, the recorded digital records are processed by computer 
using the OYO Corporation software program PSLOG and interactively analyzed by an 
experienced geophysicist to produce plots and tables of P and SH wave velocity versus depth. 

The digital time series records from each depth are transferred to a personal computer for 
analysis. Figure 2 shows a sample of the data from a single depth. These digital records are 
analyzed to locate the first minima on the vertical axis records, indicating the arrival of P-wave 
energy. The difference in travel time between these arrivals is used to calculate the P-wave 
velocity for that 1-meter interval. When observable, P-wave arrivals on the horizontal axis 
records are used to verify the velocities determined from the vertical axis data. In addition , 
the soil velocity calculated from the travel time from source to first receiver is compared to the 
velocity derived from the travel time between receivers. 

The digital records are studied to establish the presence of clear SH-wave pulses, as 
indicated by the presence of opposite polarity pulses on each pair of horizontal records. 
Ideally, the SH-wave signals from the 'normal ' and 'reverse' source pulses are very nearly 
inverted images of each other. Digital FFT - IFFT lowpass filtering may be used to remove 
the higher frequency P-wave signal from the SH-wave signal. 

The first maxima are picked for the 'normal' signals and the first minima are picked for the 
'reverse' signals. The absolute arrival time of the 'normal' and 'reverse' signals may vary by 
+/- 0.2 milliseconds, due to differences in actuation time of the solenoid source caused by 
constant mechanical bias in the source or by borehole inclination. This variation does not 
affect the velocity determinations, as the differential time is measured between arrivals of 
waves created by the same source actuation. The final velocity value is the average of the 
values obtained from the 'normal' and 'reverse' source actuations. 

In Figure 2, the time difference over the 1-meter interval of 1.70 millisecond is equivalent to a 
SH-wave velocity of 588 m/sec. Whenever possible, time differences are determined from 
several phase points on the SH -wave pulse trains to verify the data obtained from the first 
arrival of the SH -wave pulse. In addition, the soil velocity calculated from the travel time from 
source to first receiver is compared to the velocity derived from the travel time between 
receivers. 

GE rfjliS107Z Procedure for eye P-S Suspension Seismic Velocity Logging 
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Figure 3 is a sample composite plot of the far normal horizontal geophone records for a range 
of depths. This plot shows the waveforms at each depth, clearly showing the S-wave anivals. 
This display format Is used during analysis to observe trends in velocity with changing depth. 

Once the proper picks are entered in PSLOG, the picks are transferred to an Excel 
spreadsheet where Vs and vp are calculated. The spreadsheet allows output for presentation 
in charts and tables. 

Standard analysis is performed on receiver 1 to receiver 2 data, with separate analysis 
performed on source to receiver data as a quality assurance procedure. 

Registered Geophysicist,_-,G.=- OO""+= 7'-?""l="'e:,±>--",,,,·>= __ -,Oate 5/20/09 

QA Review ~ Date 5/20/09 

References: 

1. "In Situ P and S Wave Velocity Measuremenr, Ohya, S. 1986. Proceedings of In-Situ 
'86, Usa of In-Situ Tests In Geotechnical Engineering~ an ASCE Specialty Conference 
sponsored by the Geotechnical Engineering Division of ASCE and co-sponsored by the 
Civil Engineering Dept of Virginia Tech. 

2. Guidelines for Determining Design Basis Ground Motions, Report TR-102293, Electric 
Power Research Institute, Palo Alto, California , November 1993, Sections 7 and 8. 

3. "Standard test Methods for Crosshole Seismic Testing", ASTM Standard 
D4428/D4428M-07, approved July 1, 2007. 
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OYO SUSPENSION P-S VELOCITY LOGGING SETUP 

Cable Head ---II---+Il 
Head Reducer -ff--oj 
Or Telemetry 
Unit 

4 or 7-Conductor cable OYO PS·170 or 
Micrologger2 
Logger/Recorder 

r1I Diskette 
Iiii:iI CDR, or USB 

Flash drive 
with Data 

c----- Upper Geophone 

'--- Lower Geophone 

:--- Filter Tube 

;--- Source 

;--- Source Driver 

Weight 

Overall Length - 25 ft 

Figure 1. Suspension PS logging method setup 

Procedure for OYO P-S Suspension Seismic Velocity Logging 
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Figure 2. Sample suspension method waveform data showing horizontal normal and 
reversed (HR and HN), and vertical (V) waveforms received at the near (bottom 3 
channels) and far (top 3 channels) geophones. The arrivals in milliseconds for 
each pick are shown on the left. The box in the upper right comer shows the 
depth in the borehole and the velocities calculated based on the picks. 
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Figure 3. Sample composite waveform plot for normal shear waves received at the 
near geophone in a single borehole 
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f'.S FIELD LOG REVV1.4 

GE~J'lszon 
geophysical services 

=:::-__ P-S SUSPENSION VELOCITY FIELD LOG REV 1.4 
Borehole CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 

SITE": DATE*: 
CLlENT*: JOB": 
AUTHOR*: PAGE 1 OF· 

CONTACT: PHONE: Off Cell 

CONTACT: PHONE: Off Cell 

CONTACT: PHONE: Off Cell 

CONTACT: PHONE: Off Cell 

DIRECTIONS TO SITE: 

GENERAL SITE CONDITIONSILOCATION: 

===."RANGE: ::::=-__ TOWNSHIP: SECTION: ____ _ 
BOREHOLE CONSTRUCTION": CASED UNCASED ____ . 
DIAMETERS AND OEPTH RANGES*: ___ 0 TO ___ • __ • ___ .:.TO"-___ _ 

COUNTY: 

BOREHOLE TOTAL DEPTH AS DRILLED·: 
SURFACE CASING?: ____ DEPTH TO BBOOTTTi105iM;cO",FCC"A~S;;'Nj(GC,=--, NO ____ _ 
OEPTH TO BEOROCK: DEPTH TO WATER TABLE: 
BOREHOLE FLUID: WATER __ ; FRESH WATER MUO __ ; SALTWATER MUD"'; ____ _ 

OTHER: 
DEPTHTO~B~O~R~E"'H~O~LE~F~LU~I~D~·'-~~~====~T~IM~E~S~I~N~C~E~LA~S~T~C='R=C"'U~LA~T~'~O~N-' ~========-_ 

ITEMS WITH * MUSTBE COMPLETED. OTHER INFORMATION IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic Drive, Corona, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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GE~J'lSton 
p-s FIELD lOG REVV1.4 

geophysical services 

::-,-:-__ P-S SUSPENSION VELOCITY FIELD LOG REV 1.4 
Borehole CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4, 

SITE·: DATP: 

CLIENT·: :============== JOB·: AUTHOR": PAGE 2 OF" ---
LOGGING CREW*:. ____________________ _ 
MOBILIZED FROM:. ________ DEPARTURE TlME:: ________ _ 
ARRIVED ON SITE:: ________ _ 
STANDBY TIME: CAUSE:: ____________ _ 
LOGGING STARTED: LOGGING COMPLETED:: ______ _ 

BATIERIES CHANGED BEFORE LOGGING: YES __ ; NO __ : STORED WITH NEW __ 
WINCH COMPROBE 0 GREYO OYO 0 RGO OTH __ 
INSTRUMENT"" OYO 120040 150148 190298 RG 1600230 1600248 
RECEIVER S/W 120080 20042 26066 11001 D 23053 D 30086 
ISOLATION TUBES/N* 3000SU 240530 280680 28072 D 2M _~ __ _ 
SHEAVE' COM PROBE 0 OYO 1O[],0IToO RG 0 
MICROLOGGER- 5310 0 5772 0 NOT APPLICABLE (OYO) 0 
PROBE OFFSET" OYO 2.0M 0 RG 2.5M 0 
MINUS CASING STICK-UP" } 
DEPTH REF. OFFSET AT START" REF TO GROUND SURFACE 
DEPTH REF. OFFSET AT END· 
AFTER SURVEY DEPTH ERROR'" ___ _ 

START START END END 
lOG NAME"' DEPTH* TIME DEPTH .. TIME 

MAINTENANCE PERFORMED ON SITP: (N/A if none) 

EQUIPMENT PROBLEMS OR FAILURES·: (N/A if none) 

DEVIATIONS FROM TEST PLAN-: (N/A if none) 

ITEMS WITH" MUSTBE COMPLETED. OTHER INFORMATION IS OPTIONAL 

GEOVislon Geophysical SefVioos 1124 Olympic Drive, Corona. CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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P-S FIELD LOG REV 1.4 

____ GEOVISION SUSPENSION LOGGING FIELD NOTES 
5ITE·., ___ _____________ __ DATE·.' ________ _ 
CLiENT-: JOB-: ._---.,--,--- -
AUTHDW PAGE- OF 

ITEMS WfTH * MUST BE COMPLETED. OTHER INFORMATION IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO-. FILE NO·. (if anvl CASING, WATER, ROCK, ETC 

0.5 1.64 
1.0 3.28 
1.5 4.92 
2.0 6.56 
2.5 8.20 
3.0 9.84 
3.5 11.48 
4.0 13.12 
4.5 14.76 
5.0 16.40 
5.5 18.04 
6.0 19.69 
6.5 21 .33 
7.0 22.97 
7.5 24.61 
8.0 26.25 
8.5 27.89 
9.0 29.53 
9.5 31 .17 
10.0 32.81 
10.5 34.45 
11.0 36.09 
11.5 37.73 
12.0 39.37 
12.5 41.01 
13.0 42.65 
13.5 44.29 
14.0 45.93 
14.5 47.57 
15.0 49.21 
15.5 50.85 
16.0 52.49 
16.5 54.13 
17.0 55.77 
17.5 57.41 
18.0 59.06 
18.5 60.70 
19.0 62 .34 
19.5 63.98 
20.0 65.62 
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ACOUSTIC TELEVIEWER LOG FORM 1.1.pdf 

G~Mslon 
Ileoph~sical services 

___ ...-:ACOUSTIC TELEVIEWER FIELD LOG Rev 1.1 
Borehole* GEOV/S/ON HI-RES ACOUSTIC TELEVIEWER PROCEDURE V1.0 

SITE*: ___________________ DATE*:. _______ _ 
CLlENT*: JOB*: _________ _ 
AUTHOR*: PAGE 1 OF 2 
REVIEWER;.;.: ____ (post field work) 

CONTACT: _______________________ PHONE: Off~~C~e~II~ __________________ __ 

CONTACT: _________________________ PHONE: Off~~C~e~II~ __________________ __ 

DRILLER ____________________ PHONE: O~ff~C~e~II~ _________________ _ 
COMPANY:. _____________ __ 

GENERAL SITE CONDITIONS/LOCATION: _________________ _ 

COUNTY: RANGE: TOWNSHIP: _____ SECTION: ___ 
BOREHOLE CONSTRUCTION: CASED __ UNCASED __ 
DIAMETERS AND DEPTH RANGES: 0 TO ___ _ _ __ TO __ _ 

BOREHOLE TOTAL DEPTH AS DRILLED*: _____ _ 

SURFACE CASING?: YES __ DEPTH TO BOTTOM OF CASING ; NO _ _ 
DEPTH TO BEDROCK: DEPTH TO WATER TABLE: ___ _ 
BOREHOLE FLUID: WATER _ _ ; FRESH WATER MUD __ ; SALT WATER MUD __ ; 

OTHER: _____________________________________ _ 
DEPTH TO BOREHOLE FLUID: TIME SINCE LAST CIRCULATION: ___ _ 

LOGGING CREW:. __________________________ _ 
VEHICLE(S) USED AND MILEAGE: __________ --------
MOBILIZED FROM:.__________ DEPARTURE TIME: _______________ _ 
ARRIVED ON SITE:. _______________ __ 
STANDBY TIME:. _________________ _ CAUSE: ______________________ _ 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMATION IS OPTIONAL 

Approved by MACTEC for use on North Anna 3 proj ect n C~ 

'D~ Jr~ T _lL L 
'PPIIII t.1\)A-L pp..()'fcfrlQ'l'J~ 

~-'2)) - a9 

GEOVision Geophysical Services 1124 Olympic Drive, Corona, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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ACOUSTIC TELEVIEWER LOG FORM 1.1.pdf 

G~Mslon 
geophysical services 

____ ACOUSTiC TELEVIEWER FIELD LOG Rev 1.1 
Borehole" GEOV/S/ON HI-RES ACOUSTIC TELEVIEWER PROCEDURE V1.0 

SITE*:. __________________ DATE*:. _______ _ 
CLlENT*: JOB*:. _________ _ 
AUTHOR*: PAGE 2 OF 2 
REVIEWER;.;.: __ ~=- (post field work) 

WINCH: COMPROBE __ SILVER __ OYO __ OTHER, ______ _ 
MICROLOGGER* 5310 5772. _____ _ 
TELEVIEWER* ACOUSTIC #5174__ OTHER. ___ _ 
SHEAVE* COMPROBE__ OYO 101 102 __ 103__ RG. ____ _ 

PROBE TILT TEST* ____ BRUNTON TIL T* ____ _ 
PROBE TILT TEST* ____ BRUNTON TIL T* ____ _ 
PROBE TILT TEST* ____ BRUNTON TIL T* AFTER LOG* __ _ 
PROBE AZIMUTH TEST* BRUNTON AZIMUTH* ___ _ 
PROBE AZIMUTH TEST* BRUNTON AZIMUTH* ___ _ 
PROBE AZIMUTH TEST* BRUNTON AZIMUTH* AFTER LOG* __ _ 

PROBE OFFSET* 
MINUS CASING STICK-UP* 
DEPTH REF. OFFSET AT START* 
DEPTH REF. OFFSET AT END* 
AFTER SURVEY DEPTH ERROR* 

START 
LOG NAME* DEPTH* 

1.44M(4.72FT) 

____ } REF TO GROUND SURFACE 

START END END 
TIME DEPTH * TIME 

MAINTENANCE PERFORMED ON SITE*: (N/A if none) 

DEVIATION FROM PROCEDURE (IF ANY) OR EQUIPMENT PROBLEMS OR FAILURES,,(N/A if none) 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMATION IS OPTIONAL 
1) ~ J+~~ 

Approved by MACTEC for use on North Anna 3 project PrJ>\. ;')1 .... 1 'Pfo(~)t~lL! 
8 - 'l,.() - ~5' 

GEOVision Geophysical Services 1124 Olympic Drive, Corona, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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GE~Jiszo/Z 
CALIPER FIELD LOG REV 1.2.PDF 

geophysical services CALIPER FIELD LOG 
Borehole* Procedure ASTM D6167-97(2004) 

SITE*: DATE*: _________ _ 
CLlENT*: JOB*: __________ _ 
AUTHOR*: ____________ _ PAGE: 1 OF 2 

CONTACT: ______________ PHONE: Off~~C~e~II~ _______ _ 

CONTACT: _________________________ PHONE: Off~~C~e~II~ ______________ _ 

CONTACT: __________________________ PHONE: Off~~C~e~II~ ______________ _ 

DRILLER _____________ PHONE: Off~C~e::.:..:II ________________ __ 
COMPANY:. ___________________ __ 

GENERAL SITE CONDITIONS/LOCATION:. _________________ _ 

COUNTY: RANGE: TOWNSHIP:, ______ SECTION: __ _ 
BOREHOLE CONSTRUCTION: CASED __ UNCASED __ _ 
DIAMETERS AND DEPTH RANGES: 0 TO _____ , ____ , ___ TO ___ _ 

BOREHOLE TOTAL DEPTH AS DRILLED*:. ______ _ 

SURFACE CASING?: YES __ DEPTH TO BOTTOM OF CASING ; NO __ 
DEPTH TO BEDROCK: DEPTH TO WATERTABLE: ___ _ 
BOREHOLE FLUID: WATER _ _ ; FRESH WATER MUD ___ ; SALT WATER MUD ____ ; 

OTHER: _ ____________________________________________________ _ 
DEPTH TO BOREHOLE FLUID: TIME SINCE LAST CIRCULATION: ___ _ 

LOGGING CREW: ___________________________ _ 
VEHICLE(S) USED AND MILEAGE: _____________ __ 
MOBILIZED FROM:. ________ _ DEPARTURE TIME:. _______________ _ 
ARRIVED ON SITE: ______________ __ 
STANDBY TIME:. ______________ _ CAUSE: _______________________ _ 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMA TlON IS OPTIONAL 

D -S+9""" Cf'J I 
rri .... ~J\lG\.l Pfq.rerrl~ 

Approved by MACTEC for use on North Anna 3 project 

8-1,0 - 0 <J 
GEOVisioll Geophysical Services 1124 Olympic Drive CorOlla, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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GE~fiszo/Z 
CALIPER FIELD LOG REV 1.2.PDF 

geophysical services CALIPER FIELD LOG 
Borehole* Procedure ASTM D6167-97(2004) 

SITE*: DATE*: 
CLlENT*: JOB*: 
AUTHOR*: _____________ PAGE: PAGE 2 OF 2 

WINCH: COMPROBE SILVER OYO RG ____ OTHER ____ _ 
MICROLOGGER* 5310:g5772 U--OTHrn--
CALIPER PROBE* 5368 OTHER 
SHEAVE* COM PROBE OYO 101 D 1-:-::0-=-2-rD--'--1~0~3-'D--'------::R::-:G:-rD--'----

PROBE OFFSET 
MINUS CASING STICK-UP* 
DEPTH REF. OFFSET AT START* 
DEPTH REF. OFFSET AT END* 
AFTER SURVEY DEPTH ERROR* 

START 
LOG NAME* DEPTH* 

CALIBRATION PLATE SIN 201 
1.968 IN 

FILE NAME (50 MM) 
AS MEAS." 
AS MEAS.* 
AS MEAS. 
AS MEAS. 
AS MEAS. 
AS MEAS. 

MAINTENANCE PERFORMED ON SITE*: 

EQUIPMENT PROBLEMS OR FAILURES*: 

SUGGESTIONS, ADDITIONS, CHANGES: 

2.0BM(6.B2 FT} 121N MAX 

REF TO GROUND SURFACE 

START END END 
TIME* DEPTH* TIME* 

AS BUILT PVC FITTING 
3.937 IN 8.000 IN 4.504 IN 

(100 MM) (203.2 MM) (114.4 MM) 

(N/A if none) 

(N/A if none) 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMATION IS OPTIONAL 

Approved by MACTEC for use on North Anna 3 project D· s+~ ~ 
Pril'\~~~\ Pf'Q.t.Q.HV~c"J e ... 't,() - O? 

GEOVisioll Geophysical Services 1124 Olympic Drive CorOlla, CA 92881 Pit (95 1) 549- /214 Fx (1)51) 549· 1236 
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ELOG FIELD LOG REV 1,1a 

GE~Usio/Z 
f{eophysical services 

_____ ELOG FIELD LOG 
Borehole' 

SITE*: DATE*: ________ _ 
CLlENT*: JOB*: ________ _ 
AUTHOR*: ____________ _ PAGE: 1 OF 2 

CONTACT: _________________________ PHONE: O~ff~C~e~II~ __________ __ 

CONTACT:, ______________ PHONE: Off:.:.~C~e~II~ _________ _ 

CONTACT:, _____________ PHONE: Off:..:.~C:::...;e::..:;II:......_ __________ _ 

CONTACT: ________________________ PHONE: Off:.:.~C~e~II~ __________ _ 
COMPANY:, ___________________ __ 

GENERAL SITE CONDITIONS/LOCATION:, ________________ _ 

COUNTY: RANGE: TOWNSHIP:, _____ SECTION: __ _ 
BOREHOLE CONSTRUCTION: CASED ___ UNCASED __ __ 
DIAMETERS AND DEPTH RANGES: 0 TO ____ , __ , ___ TO __ _ 

BOREHOLE TOTAL DEPTH AS DRILLED*:, ______ _ 

SURFACE CASING?: YES __ DEPTH TO BOTTOM OF CASING ; NO __ 
DEPTH TO BEDROCK: DEPTH TO WATER TABLE: ____ _ 
BOREHOLE FLUID: WATER __ ; FRESH WATER MUD __ ; SALT WATER MUD __ ; 

OTHER:, ____________________________________________________ ___ 
DEPTH TO BOREHOLE FLUID: TIME SINCE LAST CIRCULATION: _____ _ 

LOGGING CREW:, ___________________________________________ _ 
VEHICLE(S) USED AND MILEAGE: _____________ __ 
MOBILIZED FROM:,__________ DEPARTURE TIME: _______________ _ 
ARRIVED ON SITE:, ________ _ 
STANDBY TIME:, ______________ _ CAUSE: ___________________ _ 

ITEMS WITH * MUST BE COMPLETED, OTHER INFORMATION IS OPTIONAL 

Approved by MACTEC for use on North Anna 3 project D .. r+~ :tv 
'Pri'V\C-(?c;>,.l PfQ{~rr ~~\ 

~- 'LQ ... C9 
GEOVisioll Geophysical Services 1124 Olympic Drive, Corona, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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ELOG FIELD LOG REV 1.1a 

G E rfjliszon 
geophysical services 

_____ ELOG FIELD LOG 
Borehole* 

SITE*: DATE*: 
CLlENT*: -------------JOB*: 
AUTHOR*: _____________ PAGE: PAGE 2 OF 2 

WINCH: COMPROBE SILVER OYO RG. ____ OTHER. ____ _ 
MICROLOGGER* 5310- 1f5772 U--OTHrn-
ELOG PROBE* 5490 OTHER 
SHEAVE* COM PROBE OYO 10101 0-rU--.-1-0-rU--.---------=R::-::G::-rO----.--

PROBE LENGTH 2.50M(8.20 FT) 
PLUS YOKE 10.0M (32.8 FT)* 
MINUS CASING STICK-UP* 
DEPTH REF. OFFSET AT START* 
DEPTH REF. OFFSET AT END* 
AFTER SURVEY DEPTH ERROR* 

}EF TO GROUND SURFACE 

START START END END 
LOG NAME* DEPTH* TIME DEPTH* TIME 

MAINTENANCE PERFORMED ON SITE*: (N/A if none) 

EQUIPMENT PROBLEMS OR FAILURES*: (N/A if none) 

SUGGESTIONS, ADDITIONS, CHANGES: 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMATION IS OPTIONAL 

Approved by MACTEC for use on North Anna 3 project f). ~ CaM 
Pt(l...~(~c:.1 PrQfHfi~~l 

{j>,l,o-<l9 
GEOVision Geophysical Services 1124 Olympic Drive, CorOlla, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 
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INDUCTION FIELD LOG REV 1.1b.PDF 

geophysical services 

______ INDUCTION FIELD LOG 
Borehole' 

SITE*: DATE*: 
CLlENT*: JOB*: -----------
AUTHOR*: _____________________ __ PAGE: 1 OF 2 

CONTACT: ______________ PHONE: Off~C~e~II ________________ __ 

CONTACT: ______________ PHONE: Off~C~e=II _______________ __ 

CONTACT: _______________ PHONE: Off~C~e~II ________________ __ 

DRILLER PHONE: Off Cell -------------- ----------------------COMPANY:. ___________________ _ 

GENERAL SITE CONDITIONS/LOCATION : ________________ _ 

COUNTY: RANGE: TOWNSHIP: SECTION: __ 
BOREHOLE CONSTRUCTION: CASED __ UNCASED __ 
DIAMETERS AND DEPTH RANGES: 0 TO _____ , __ , TO __ _ 

BOREHOLE TOTAL DEPTH AS DRILLED*: _____ _ 

SURFACE CASING?: YES ___ DEPTH TO BOTTOM OF CASING ; NO __ 
DEPTH TO BEDROCK: DEPTH TO WATER TABLE:. _____ _ 
BOREHOLE FLUID: WATER _ _ ; FRESH WATER MUD __ ; SALT WATER MUD 

OTHER: _____________________________________________________ _ 
DEPTH TO BOREHOLE FLUID: TIME SINCE LAST CIRCULATION:. ___ __ 

LOGGING CREW: _______________________________________________ _ 
VEHICLE(S) USED AND MILEAGE: ______________ _ 
MOBILIZED FROM:.__________ DEPARTURE TIME: ___________ _ 
ARRIVED ON SITE: ________________ _ 
STANDBY TIME:. _________ _ CAUSE: __________________ _ 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMA T/ON IS OPTIONAL 

Approved by MACTEC for use on North Anna 3 project 

GEOVisioll Geophysical Services 1124 Olympic Drive CorOlla, CA 92881 

1) v S~ C~ 
'Pri"'-'Po...\ 'P~fe.l1'i"",~1 

S - lO - Cl9 
Ph (951) 549-1234 Fx (951) 549-1236 
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INDUCTION FIELD LOG REV 1.1b.PDF 

GE~fisZ072 ____ INDUCTION FIELD LOG 
Borehole' 

geophysical services 

SITE*: _____________ DATE*: 
CLlENT*: _____________ JOB*: 
AUTHOR*: PAGE: PAGE 2 OF 2 

WINCH: COMPROBE SILVER OYO RG ____ OTHER ____ _ 
MICROLOGGER* 5310135772 u-OTH~ 
INDUCTION PROBE* 3007 OTHER 
SH EAVE* COM PROBE 101 0 -:'1 ~02:---Dr---r-:'1~03:----'-D"""----::R::-:G:----'D---r--

PROBE OFFSET 
MINUS CASING STICK-UP* 
DEPTH REF. OFFSET AT START* 
DEPTH REF. OFFSET AT END* 
AFTER SURVEY DEPTH ERROR* 

START 
LOG NAME* DEPTH* 

TEST RING S/N* 
FILE NAME o ms/m 

AS MEAS.* 
AS MEAS. 
AS MEAS. 
AS MEAS. 
AS MEAS. 
AS MEAS. 

MAINTENANCE PERFORMED ON SITE*: 

EQUIPMENT PROBLEMS OR FAILURES*: 

SUGGESTIONS, ADDITIONS, CHANGES: 

2.56M(8.4 FT) 

START 
TIME* 

AS BUILT 
104 ms/m 

END 
DEPTH* 

415 ms/m 

REF TO 
GROUND SURFACE 

END 
TIME* 

(N/A if none) 

(N/A if none) 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMA TlON IS OPTIONAL 

D. )+~ Ci1 
Approved by MACTEC for use on North Anna 3 proj ect Pr-i'-.C;Po.-\ PrO'f.tsriOA-\.G.J 

8-2,0- o~ 
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p-s FIELD LOG REV V1.4 

GE~Uslon 
geophysical services 

____ P-S SUSPENSION VELOCITY FIELD LOG REV 1.4 
Borehole CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 

SITE*: DATE*: 
CLlENT*: JOB*: 
AUTHOR*: PAGE 1 OF * 

CONTACT: PHONE: Off Cell 

CONTACT: PHONE: Off Cell 

CONTACT: PHONE: Off Cell 

CONTACT: PHONE: Off Cell 

DIRECTIONS TO SITE: _____________________ _ 

GENERAL SITE CONDITIONS/LOCATION: 

COUNTY: RANGE: ____ TOWNSHiP: SECTION: ____ _ 
BOREHOLE CONSTRUCTION*: CASED UNCASED ___ _ 
DIAMETERS AND DEPTH RANGES*: ___ 0 TO ___ , __ , ___ .:..TO;;..... ___ _ 
BOREHOLE TOTAL DEPTH AS DRILLED*: 
SURFACE CASING?: DEPTH TO BOTTOM OF CASING __ _ NO ____ _ 
DEPTH TO BEDROCK: ________ DEPTH TO WATER TABLE: 
BOREHOLE FLUID: WATER __ ; FRESH WATER MUD __ ; SALT WATER MUD;;;.:; ____ _ 

OTHER: 
~-----------------------------------------------------DEPTH TO BOREHOLE FLUID*: ____ TIME SINCE LAST CIRCULATION: ____ _ 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMA TlON IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic Drive, Corona, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 

Approved by MACTEC for use on North Anna 3 project 1>~)t~ ~~ I 
?r ,,,,crp",I 'Pfo;y{~J'fi ~ 
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GE~Uslon 
p-s FIELD LOG REV V1.4 

geophysical services 
___ P-S SUSPENSION VELOCITY FIELD LOG REV 1.4 

Borehole CORRESPONDING P-S SUSPENSION PROCEDURE REV 1.4. 
SITE*: _______________ DATE*: 
CLlENT*: _______________ JOB*: 
AUTHOR*: PAGE 2 OF_* __ _ 

LOGGING CREW*: ____________________ _ 
MOBILIZED FROM: ________ DEPARTURE TIME: _ _______ _ 
ARRIVED ON SITE: ________ _ 
STANDBY TIME: __________ CAUSE: ____________ _ 
LOGGING STARTED: LOGGING COMPLETED: ______ _ 

BATTERIES CHANGED BEFORE LOGGING: YES __ ; NO __ ; STORED WITH NEW __ 
WINCH COMPROBE 0 GREYO OYO 0 RGO OTH __ 
INSTRUMENT* OYO 120040 150140 190290 RG 1600230 1600240 
RECEIVERS/N* 120080 200420 260660 11001 0 23053 0 30086 0 
ISOLATION TUBE S/N* 3000830 240530 280680 28072 0 2M _= __ _ 
SHEAVE* COM PROBE D OYO 10010:[]1O:O RG 0 
MICROLOGGER* 5310 0 5772 0 NOT APPLICABLE (OYO) D 
PROBE OFFSET* OYO 2.0M D RG 2.5M 0 
DEPTH REF. OFFSET AT START* REF TO GROUND SURFACE 
MINUS CASING STICK-UP* } 

DEPTH REF. OFFSET AT END* 
AFTER SURVEY DEPTH ERROR* ___ _ 

START START END END 
LOG NAME* DEPTH* TIME DEPTH * TIME 

MAINTENANCE PERFORMED ON SITE*: (N/A if none) 

EQUIPMENT PROBLEMS OR FAILURES*: (N/A if none) 

DEVIATIONS FROM TEST PLAN*: ________________ =(N-=.:..;/A~if....:....:n....:....:on....:....:e:..L.) 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMA TlON IS OPTIONAL 

GEOVision Geophysical Services 1124 Olympic Drive, Corona, CA 92881 Ph (951) 549-1234 Fx (951) 549-1236 

Approved by MACTEC for use on North Anna 3 project l/y 5~ C~ 
Pr( f\ <. ... ptl-I e ro ten, ~"IIl 
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p-s FIELD LOG REV 1.4 

____ GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE*:, ______________ _____ DATE*: ________ _ 
CLlENT*: JOB*: _________ _ 
AUTHOR*: PAGE* OF ___ _ 

ITEMS WITH * MUST BE COMPLETED OTHER INFORMA TlON IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO*. FILE NO*. (if any) CASING, WATER, ROCK, ETC 

0.5 1.64 
1.0 3.28 
1.5 4.92 
2.0 6.56 
2.5 8.20 
3.0 9.84 
3.5 11.48 
4.0 13.12 
4.5 14.76 
5.0 16.40 
5.5 18.04 
6.0 19.69 
6.5 21.33 
7.0 22.97 
7.5 24.61 
8.0 26.25 
8.5 27.89 
9.0 29.53 
9.5 31.17 
10.0 32.81 
10.5 34.45 
11.0 36.09 
11.5 37.73 
12.0 39.37 
12.5 41.01 
13.0 42.65 
13.5 44.29 
14.0 45.93 
14.5 47.57 
15.0 49.21 
15.5 50.85 
16.0 52.49 
16.5 54.13 
17.0 55.77 
17.5 57.41 
18.0 59.06 
18.5 60.70 
19.0 62.34 
19.5 63.98 
20.0 65.62 

Approved by MACTEC for use on North Anna 3 project 
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p-s FIELD LOG REV 1.4 

____ GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE*: ___________________ DATE*: ________ _ 
CLlENT*: J08*: _________ _ 
AUTHOR*: PAGE* OF ___ _ 

ITEMS WITH * MUST BE COMPLETED OTHER INFORMA TlON IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO*. FILE NO*. (if any) CASING, WATER, ROCK, ETC 

20.5 67.26 
21.0 68.90 -
21.5 70.54 
22.0 72.18 
22.5 73.82 
23.0 75.46 
23.5 77.10 
24.0 78.74 
24.5 80.38 
25.0 82.02 
25.5 83.66 
26.0 85.30 
26.5 86.94 
27.0 88.58 
27.5 90.22 
28.0 91 .86 
28.5 93.50 
29.0 95.14 
29.5 96.78 
30.0 98.43 
30.5 100.07 
31.0 101.71 
31.5 103.35 
32.0 104.99 
32.5 106.63 
33.0 108.27 
33.5 109.91 
34.0 111.55 
34.5 113.19 
35.0 114.83 
35.5 116.47 
36.0 118.11 
36.5 119.75 
37.0 121.39 
37.5 123.03 
38.0 124.67 
38.5 126.31 
39.0 127.95 
39.5 129.59 
40.0 131.23 

Approved by MACTEC for use on North Anna 3 project 
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p-s FIELD LOG REV 1.4 

____ GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE*: ___________________ DATE*: ________ _ 
CLlENT*: JOB*: _ _______ _ _ 
AUTHOR*: PAGE* OF _ _ _ _ 

ITEMS WITH * MUST BE COMPLETED. OTHER INFORMA TlON IS OPTIONAL 
UNFILTERED FILTERED COMMENTS 
FILE NO*. CASING, WATER, ROCK, ETC 

40.5 132.87 
41 .0 134.51 -
41 .5 136.15 
42.0 137.80 
42.5 139.44 
43.0 141.08 
43.5 142.72 
44.0 144.36 
44.5 146.00 
45.0 147.64 
45.5 149.28 
46.0 150.92 
46.5 152.56 
47.0 154.20 
47.5 155.84 
48.0 157.48 
48.5 159.12 
49.0 160.76 
49.5 162.40 
50.0 164.04 
50.5 165.68 
51 .0 167.32 
51 .5 168.96 
52.0 170.60 
52.5 172.24 
53.0 173.88 
53.5 175.52 
54.0 177.17 
54.5 178.81 
55.0 180.45 
55.5 182.09 
56.0 183.73 
56.5 185.37 
57.0 187.01 
57.5 188.65 
58.0 190.29 
58.5 191 .93 
59.0 193.57 
59.5 195.21 
60.0 196.85 

Approved by MACTEC for use on North Anna 3 project D, S~ ~ 
'Pti~C;fa..l Prqt~Y, ~I 
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p-s FIELD LOG REV 1.4 

____ GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE*: ___________________ DATE*: ________ _ 
CLlENT*: JOB*: _________ _ 
AUTHOR*: PAGE* OF ___ _ 

ITEMS WITH * MUST BE COMPLETED OTHER INFORMA TlON IS OPTIONAL 
DEPTH DEPTH UNFILTERED FILTERED COMMENTS 
METERS FEET FILE NO*. FILE NO*. (if any) CASING, WATER, ROCK, ETC 

60.5 198.49 
61.0 200.13 
61.5 201.77 
62.0 203.41 
62.5 205.05 
63.0 206.69 
63.5 208.33 
64.0 209.97 
64.5 211.61 
65.0 213.25 
65.5 214.90 
66.0 216.54 
66.5 218.18 
67.0 219.82 
67.5 221.46 
68.0 223.10 
685 224.74 
69.0 226.38 
69.5 228.02 
70.0 229.66 
70.5 231.30 
71.0 232.94 
71.5 234.58 
72.0 236.22 
72.5 237.86 
73.0 239.50 
73.5 241.14 
74.0 242.78 
74.5 244.42 
75.0 246.06 
75.5 247.70 
76.0 249.34 
76.5 250.98 
77.0 252.62 
77.5 254.27 
78.0 255.91 
78.5 257.55 
79.0 259.19 
79.5 260.83 
80.0 262.47 

Approved by MACTEC for use on North Anna 3 project 
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GEOTECHNICAL LABORATORY TEST ASSIGNMENT Page 1 of 2 

Date 9/28/2009 Job Name North Anna S-COLA Job No. 25161 Requested By John Davie 
Assignment 01, Rev. 1 

SAMPLE LOCATION PHYSICAL PROPERTIES STRENGTH TESTS COM- CONSOLIDATION PACTION 
c: c: c: 

"0 ' 0 ·iii 0 0 
Q) ~ ·iii a. ·iii ·iii 

~I II NOTE: oS 0 ~ '" ~oS '" '" ~ 6' Stress increments CIl.e- ~ ~ CIl 
Cii -0 !1: a. ~ a. a.~ r5 and rebound cycles, ksf. 

I ·x C:Q)~ E ::l E ECil 
'" 0 o en rn al "0 CIl ~ OJ en 0 '" 0 al ~.;:: , CIl CIl 0 ~ 0",-"O_Q) ro Q) c: 

~ CIlI-
,*~E "0 0... "0 "O~Q) ~ ;g"O Q) Q) Q) Q) Cil E o Q) "O~Q) c: OJ .<=. c: .§~~ "E "0 c: (f) '" c: ~]Q~ 

t;:: ·2 t;:: CIl Q) g .~ c: t5 0 c:~ §2'~ "0 
~I~ ~ @ (/J 

0= t;:: 
~ 

0-", c: 0"0 o .- c: ~ o 0 o 0 CIl 
c: c: 8 ~ K c: 0 0 (f) c: 0 c: 0 Q) CIl o III 
~~ ~~ 0 is I- ~-=- ~-=-E i'i5 2 0 

c: Grain Size 
::l Analvsis CD ~ 

Q) ~ w 
~ 

ro 
.0 0 

.0 "'.<=. 
::l E E 

._ a. 
0 "'- E I- ~ ::l Z. 2 E >.::J 

~.<=. Q; Z 2 - '" 2 Q)CJ 0.. c: .:; ·E e CIl 
a.c: c: 0 ~ "0 c: <Ii c: 

ci >'Q) E ::l 0 :E ::J >. >. «:g 0 
I-....J CIl_ ~ OJ (!) e> "2 I co a 0 z Q) Q) (f)LL Q; ~ ~ 0 0 + .~ :c 0 Q) 

OJ 0..0.. ..... - 0.. ::l t;:: .0 E 0 ·2 
c: 0:5 en ·u Q) Q) 

"§ E E a. a. E :g Q) (jj > > Q) - CIl 
CIl CIl o Q) CIl ·0 a. ~ 

Q) Q) .<=.I e> 
III (f)(f) 1-0 (f) 2 ~ (f) en en 0.3: 0 

M-10(DH) Jar 11.7 2 x x x 

M-10(DH) Jar 19.2 4 xl I I x I I x 

M-10(DH) Jar 24.2 5 xl I I x I I x 

M-10(DH) Jar 29.2 6 xl I I x I I x 

M-10(DH) Jar 39.1 8 xl I I x I I x 

M-10(DH) Jar 49.1 10 xl I I I x 

M-10(DH) Jar 59.1 12 xl I I I x 

M-10(DH) Jar 74.1 15 xl I I I x 

M-10(DH) Jar 84.1 17 xl I I I x 

M-10(DH) Core 116.9 R-7 II I x x 

M-10(DH) Core 133.4 R-10 II I x x 

M-10(DH) Core 153.4 R-15 II I x x 

M-10(DH) Core 177.4 R-2011 I x x 

M-10(DH) Core 196.6 R-24 II I x x 

Contact John Davie of Bechtel if there are any questions: Phone (301) 228-7647; e-mail JDAVIE@BECHTEL.COM. 

(1) For rock core testing, MACTEC will select suitable (and typical) section of the core run for testing, and note actual depth tested. 
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GEOTECHNICAL LABORATORY TEST ASSIGNMENT Page 2 of2 

Date 9/28/2009 Job Name North Anna S-COLA Job No. 25161 Requested By John Davie 
. .......... ~ ............... " . ~-... 

SAMPLE LOCATION PHYSICAL PROPERTIES STRENGTH TESTS COM-
CONSOLIDATION PACTION 

Grain Size c: ~ c: c: 
c: -0' 0 Ul 0 0 
:::l Analvsis ~ 

(J) ~ 'iii .3; Ul 'iii NOTE: a: .~ 8.. Ul Ul c: ID Ul Ul ~ 0" 0" (J) ~ .0 ID Ul..c -o~ 
~ ~ 

~ 'ffi Stress increments 
.0 0 E a:; ._ c.. rn c.. c.. c..~ c.5 :::l 

~ 
"E Ul- "E -6 'x C:(J)~ E :::l E EUi c.5 and rebound cycles, ksf. 

f-~ :::l ~ 2 E >-:::l Ul 
~..c Z (J) _ en 

(J) JB .~ :J Cl en 0 en 0 o rh en a:i "E 'E e III 0 a:i (J)e, 0. > c: ai "E ' III III 0 ~ Oen-
c..c: c: 0 ~ -0 ;g~ 

-o_(J) ~ (J) <:: 
~ >-(J) E :::l 0 1: ::J Z, >- :::1"! 0 "*~E -0 !l... III -0 -0 ~ (J) « ci f---.l lIl_ a: Cl C) I 0 (J) Cl 

(J) (J) (J) Ui E ~ 

Z (f)LL 03 ~ ~ 
e' c: III 0 o (J) -O~(J) <:: <:: ..c c: 

~~~ "E -0 (J) (J) <.l (J) 0 + .~ ::c: <.l Ul c: 
o~~ '>= (f) '>= 

Cl 0.0. .... - 0. :::l '>= .0 E <.l 'c a .~ c: 'c 0 c:~ III ~ <:: 0::5 Cil '0 

~ 
(J) (J) III ~ ~ fJ) 

Oc- '>= 13 0-", o~Cf) -0 '5 '§ E E c..c.. E '0 (J) > > (J) - e' <.l"O <.l .- c: ~ a: <.l <.l <.l <.l Cll <:: a: 
III III o (J) Cll 'c c.. (J) (J) ..c I <:: <:: 8 ~ ~ <:: 0 0 (f) <:: 0 c: 0 (J) Cll 0 !D 

!D (f)(f) f-O (f) :2 :J (f) i:7.i i:7.i 0.3; 0 :J:J :J~ 0 is f- :J~ :J~E U5 :2 0 

M-30(DH) Jar 8.7 1 x x 

M-30(DH) Jar 13.7 3 x x 

M-30(DH) Jar 25.2 5 x x 

M-30(DH) Jar 35.2 7 x x 

M-30(DH) Core 56.7 R-4 x x 

M-30(DH) Core 95.3 R-18 x x 

M-30(DH) Core 134.7 R-26 x x 

M-30(DH) Core 166.7 R-34 x x 

M-30(DH) Core 196.7 R-40 x x 

iij;;;m •• i;::;::;I'!:::._ ;;; •.. ; .......... ;.:::> 
..... j;. 

···.·.' •• · •.•.. i· j ··'·.· ......... , ..... ,.". ,( ... ;(; .. , ... i,'j .... ·,' g;;fi,:;.:.::>\i,,: .. i .. ,·· .. · .. D ii, •. ;", ":"",', "~I ...•.. lr<.· .• ·.'···, •••. :, •.•.... 1 , .. , ............ 

Contact John Davie of Bechtel if there are any questions: Phone (301) 228-7647; e-mail JDAVIE@BECHTEL.COM. 

(1) For rock core testing, MACTEC will select suitable (and typical) section of the core run for testing, and note actual depth tested. 
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Particle Size Distribution Report ASTM D 422-63 (2007) 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
W; in. 1 in. %in. %in. tt4 #;tD #20 #30 #40 #60 #1 DO #140 #200 

100 I I I I II Ii 1'( -~ I I I I 

~ 90 \ 
80 1\ 

~ 
70 \ 0:: 

UJ 60 

~ 
Z 
ll. 
I- 50 z ~ 
UJ ~r-.. 0 
0:: 0 
UJ 40 
0.. --........ 1-0-~ 30 

~ "'t). 
! 20 

........ 
............ 
~ "-----..,. 10 'V 

0 
10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
0 0.0 0.0 0.0 4.9 52.6 30.2 12.3 

Source Sample # Depth/Elev. Date Sampled uses Material Description NM% LL PL 
0 Boring M-10(DH) SS-2 11.7-13.2' 9/1/09 SM Red Silty SAND 48.5 59 50 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o Specific Gravity is assumed 

Project North Anna 3 Pro; ect 
NA = Not Applicable 

Project No. 6468092473 I Fiqure NA Raleigh, North Carolina 

Tested By: CS Checked By: MOC DSC. 1\- 1'2 .. - Q9 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-10(DH) 
Depth: 11.7-13.2' 
Material Description: Red Silty SAND 
Date: 911109 

Sample Number: SS-2 

Natural Moisture: 48.5 
Liquid Limit: 59 Plastic Limit: 50 USCS Class.: SM 
Testing Remarks: Specific Gravity is assumed 

NA = Not Applicable 
Tested by: CS Checked by: MDC 

Dry Cumulative Cumulative 
Sample Pan Sieve 

and Tare Tare Tare Weight Opening 
(grams) (grams) (grams) Size 

242.46 0.00 0.00 #4 
#10 

52.63 0.00 0.00 #20 
#40 
#60 

#100 
#140 
#200 

Hydrometer test uses material passing #10 
Percent passing #10 based upon complete sample = 100.0 
Weight of hydrometer sample =52.62 
Hygroscopic moisture correction: 

Moist weight and tare = 29.31 
Dry weight and tare = 29.06 
Tare weight = 15.53 
Hygroscopic moisture = 1.8% 

Table of composite correction values: 
Temp., deg. C: 10.2 29.5 

Compo corr.: -8.0 -4.0 
Meniscus correction only = 1.0 
Specific gravity of solids = 2.700 
Hydrometer type = 152H 

Weight 
Retained 
(grams) 

0.00 
0.00 
0.35 
2.59 

11.03 
21.36 
26.69 
30.28 

Hydrometer effective depth equation: L = 16.294964 - 0.l64* x Rm 

Elapsed Temp. Actual Corrected 
Time (min.) (deg. C.) Reading Reading K Rm 

2.00 21.0 24.0 18.2 0.0l33 25.0 
5.00 21.0 22.0 16.2 0.0l33 23.0 

15.00 21.0 19.5 13.7 0.0l33 20.5 
30.00 20.8 18.0 12.2 0.0l33 19.0 
60.00 20.8 16.5 10.7 0.0l33 17.5 

250.00 21.6 13.5 7.9 0.0l32 14.5 
1440.00 21.1 11.0 5.3 0.0l33 12.0 

Percent 
Finer 

100.0 
100.0 
99.3 
95.1 
79.0 
59.4 
49.3 
42.5 

Eff. Diameter 
Depth (mm.) 

12.2 0.0328 
12.5 0.0210 
12.9 0.0123 
l3.2 0.0088 
l3.4 0.0063 
l3.9 0.0031 
14.3 0.0013 

Percent 
Finer 

34.9 
31.1 
26.3 
23.3 
20.5 
15.0 
1O.l 

11/4/2009 

'--_____________ MACTEC Engineering and Consulting, Inc. _____________ ..... 
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Cobbles 

0.0 

010 

Fineness 
Modulus 

0.57 

Coarse 

0.0 

015 

0.0031 

Gravel 
I Fine I 
I 0.0 I 

020 

0.0059 

Sand 
Total Coarse I Medium I 
0.0 0.0 I 4.9 I 

030 050 060 

0.0186 0.1091 0.1526 

Fines 
Fine I Total Silt I Clay I Total 

52.6 I 57.5 30.2 I 12.3 I 42.5 

080 085 090 095 

0.2564 0.2943 0,3444 0.4232 

L--_____________ MACTEC Engineering and Consulting, Inc. _____________ -' 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

Q o z 

60 

50 

40 

~ 30 
() 
i= 
~ 
0.. 

20 

10 

Dashed line indicates the approximate 
upper limit boundary for natural soils --r---+-----, 

I 
I 

10 20 

I 

I 
I 

I 

I 
I 

30 

I 
/ 

I 
I 

I 

I 
I 

I 
I 

I 

• 
ML or OL 

40 50 60 
LIQUID LIMIT 

SOIL DATA 
NATURAL 

70 

SYMBOL SOURCE SAMPLE DEPTH WATER PLASTIC 
NO. CONTENT LIMIT 

(%) (%) 

• BoringM- SS-2 11.7-13.2' 48.5 50 

10(DH) 

MH orOH 

80 

LIQUID 
LIMIT 

(%) 

59 

MACTEC Engineering and Consulting, Inc. Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 

Raleigh, North Carolina Pro'ect No.: 6468092473 

Tested By: ---"C=S'----________ Checked By: MDCDJt 1\-11- 09 

90 100 110 

PLASTICITY USCS 
INDEX 

(%) 

9 SM 

Fi ure NA 
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LIQUID AND PLASTIC LIMIT TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-10(DH) 
Depth: 11.7-13.2' Sample Number: SS-2 
Material Description: Red Silty SAND 
USCS: SM 
Tested by: CS 

AASHTO: A-5(2) 
Checked by: MDC 

Run No. 1 2 3 
Wet+Tare 26.74 25.12 
Dry+Tare 22.72 20.00 

Tare 15.90 11.19 
# Blows 26 26 

Moisture 58.9 58.1 

59 
~-+--r-~~~--+--+~~~~-+H-r+~-HH 

58.9 f---f----I---I--+--+---+--+--+--II-I---+-+t-+-+-+-+-l--HH 

58.8 f---f----I---I--+--+---+--+--+--II-I---+-+t-+-+-+-+-l--HH 

58.7~-+--r-~~-f---+--+~--~~-+t+-r+~~H 

58.6 f---f----I---I--+--+---+--+--+--II-I---+-+t-+-+-+-+-l--HH 

~ .!!l 58.5 f---f----I---I--+--+---+--+--+--I-I---+-+t-+-+-+-+-l-+-H 
~ 

58.4 ~-+--_I_+--f--f---+--+--t--HH-+t+-r+-+-1~H 

58.3 f---f----t-H--+--+---+--+--+--I-II-----t-f-t+-+-+-+-l-+-H 

58.2 f---f----t-H--+--+---+--+--+--I-II-----t-f-t+-+-+-+-lf-+-H 

58.1 ~-+--_I_+--f--f---+--+--t--I----'H-+++-+-I-+-f-+-H 

58L-~ __ ~~~~--~~~--~~~LL~~LL~ 
5 6 7 8 9 10 20 25 30 40 

Blows 

Run No. 1 2 3 
Wet+Tare 23.21 24.95 
Dry+Tare 20.66 21.86 

Tare 15.62 15.68 
Moisture 50.6 50.0 

4 

4 

11/4/2009 

5 6 

Liquid Limit= 59 
Plastic Limit= 50 

Plasticity Index= 9 
Natural Moisture= 48.5 

Liquidity'lndex= -0.2 

'--_____________ MACTEC Engineering and Consulting, Inc. _____________ -' 
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Particle Size Distribution Report ASTM 0 422-63 (2007) 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1;1. in. 1 in. 0/. in. %in. #4 IWJ 120 #30 #40 #60 #100 #140 #200 

100 I I II I II II IY l""'-i'... I I I I I 

~ 90 1\ 
80 1\ 70 \ 

a: ~ w 60 

~ Z 
I..L. 
I- 50 z \;, w 
0 a: w 40 
0.. '""i"'-- ...... -~ 30 "'0 

~ 20 ..... '0 ...... ......... 
10 r-c -----0 
0 

10 1 .0.1 0.01 0.001 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
0 0.0 0.0 0.0 8.4 53.5 29.4 8.7 

Source Sample # Depth/Elev. Date Sampled USCS Material Description NM% LL PL 
0 Boring M-lO(DH) SS-4 19.2-20.7' 9/1/09 SM Strong Brown Silty SAND 35.9 54 48 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o Specific Gravity is assumed 

Project North Anna 3 Project 
NA = Not Applicable 

Project No. 6468092473 I FiQure NA Raleigh, North Carolina 

Tested By: CS Checked By: MDC Dsc 1\ ... .\"'1..- Q9 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-lO(DH) 
Depth: 19.2-20.7' 
Material Description: Strong Brown Silty SAND 
Date: 9/1/09 

Sample Number: SS-4 

Natural Moisture: 35.9 
Liquid Limit: 54 Plastic Limit: 48 USCS Class.: SM 
Testing Remarks: Specific Gravity is assumed 

NA = Not Applicable 
Tested by: CS Checked by: MDC 

Dry Cumulative Cumulative 
Sample Pan Sieve 
and Tare Tare Tare Weight Opening 
(grams) (grams) (grams) Size 

243.11 0.00 0.00 #10 
48.46 0.00 0.00 #20 

#40 
#60 

#100 
#140 
#200 

Hydrometer test uses material passing #10 
Percent passing #10 based upon complete sample = 100.0 
Weight of hydrometer sample =48.46 
Hygroscopic moisture correction: 

Moist weight and tare = 27.58 
Dry weight and tare = 27.17 
Tare weight = 15.27 
Hygroscopic moisture = 3.4% 

Table of composite correction values: 
Temp., deg. C: 10.2 29.5 

Compo corr.: -8.0 -4.0 
Meniscus correction only = 1.0 
Specific gravity of solids = 2.700 
Hydrometer type = 152H 

Weight 
Retained 
(grams) 

0.00 
0.39 
4.08 

12.88 
22.10 
26.78 
29.99 

Hydrometer effective depth equation: L = 16.294964 - 0.164* x Rm 

Elapsed Temp. Actual Corrected 
Time (min.) (deg. C.) Reading Reading K Rm 

2.00 21.0 21.0 15.2 0.0133 22.0 
5.00 21.0 19.0 13.2 0.0133 20.0 

15.00 21.0 16.5 10.7 0.0133 17.5 
30.00 20.6 15.5 9.7 0.0133 16.5 
60.00 20.6 14.0 8.2 0.0133 15.0 

250.00 21.6 11.0 5.4 0.0132 12.0 
1440.00 21.2 9.0 3.3 0.0132 10.0 

Percent 
Finer 

100.0 
99.2 
91.6 
73.4 
54.4 
44.7 
38.1 

Eff. Diameter 
Depth (mm.) 

12.7 0.0334 
13.0 0.0214 
13.4 0.0126 
13.6 0.0090 
13.8 0.0064 
14.3 0.0032 
14.7 0.0013 

Percent 
Finer 

32.2 
27.9 
22.7 
20.4 
17.2 
11.3 
6.9 

11/4/2009 

L..-_____________ MACTEC Engineering and Consulting, Inc. _____________ .....J 
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Gravel Sand Fines 
Cobbles Coarse I Fine I Total Coarse I Medium I Fine I Total Silt I Clay I Total 

0.0 0.0 I 0.0 I 0.0 0.0 I 8.4 I 53.5 I 61.9 29.4 I 8.7 I 38.1 

010 015 020 030 050 060 080 085 090 095 

0.0025 0.0051 0.0086 0.0261 0.1298 0.1764 0.2963 0.3404 0.3999 0.5038 

Fineness Cu Cc Modulus 

0.68 69.41 1.51 

L..-_____________ MACTEC Engineering and Consulting, Inc. _____________ ...J 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

~ o z 

60 

50 

40 

~ 30 
() 
i= 

~ a... 

20 

10 

Dashed line indicates the approximate 
upper limit boundary for natural soils --+--+--~ 

I 
I 

10 20 

I 

I 
I 

I 

I 
I 

30 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 

ML or OL • 

40 50 60 
LIQUID LIMIT 

SOIL DATA 
NATURAL 

I 
I 

I 

MH orOH 

70 80 

SYMBOL SOURCE SAMPLE DEPTH WATER PLASTIC LIQUID 
NO. CONTENT LIMIT LIMIT 

(%) (%) (%) 

• BoringM- SS-4 19.2-20.7' 35.9 48 54 

10(DH) 

MACTEC Engineering and Consulting, Inc. Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 

Raleigh, North Carolina Pro·ect No.: 6468092473 

Tested By: ---,=C~S,------________ Checked By: MDC 'D5C H-rt- 09 

90 100 110 

PLASTICITY uscs 
INDEX 

(%) 

6 SM 

Fi ure NA 
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LIQUID AND PLASTIC LIMIT TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-10(DH) 
Depth: 19.2-20.7' 
Material Description: Strong Brown Silty SAND 
USCS: SM 
Tested by: CS 

Run No. 1 2 
Wet+Tare 22.47 23.99 
Dry+Tare 18.49 19.45 

Tare 11.14 11.17 
# Blows 24 24 

Moisture 54.1 54.8 

55 

54.9 

54.8 

54.7 

54.6 
'" B 
.~ 54.5 
0 
::8 

54.4 

54.3 

54.2 

54.1 

54 

3 

Sample Number: SS-4 

AASHTO: A-5(0) 
Checked by: MDC 

4 

5 6 7 8 9 10 20 25 30 40 
Blows 

Run No. 1 2 3 4 
Wet+Tare 25.61 26.84 
Dry+Tare 22.38 23.20 

Tare 15.69 15.54 
Moisture 48.3 47.5 

11/4/2009 

5 6 

Liquid Limit= 54 
Plastic Limit= 48 

Plasticity Index= 6 
Natural Moisture= 35.9 

Liquidity Index= -2.0 

'--_____________ MACTEC Engineering and Consulting, Inc. _____________ .....J 
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Particle Size Distribution Report ASTM D 422-63 (2007) 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1;;:' in. 1 in. %in. %in. #4 #.MJ 120 #30 #40 #60 #100 #140 #200 

100 II I II I II II Ii -r--.. ~ 
I I I I 

90 \ 
80 \ 70 \ 

0:: \ w 60 \ z 
LL 
I- 50 z 

\:~ w 
0 
0:: 
W 40 
(L ur--r-- -c:.. ............. 30 v 

~~ 
20 ..... ro 

i'-........ 
10 r-c -- --0 

0 
10 0.1 0.01 0.001 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
10 

I 

0.0 0.0 0.0 7.3 54.0 28.4 10.3 

II Source Sample # Depth/Elev. Date Sampled USCS Material Description NM% LL PL 
0 Boring M-IO(DH) SS-5 24.2-25.7' 9/1/09 SM Strong Brown Silty SAND 53.7 59 47 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o Specific Gravity is assumed 

Project North Anna 3 Proiect 
NA = Not Applicable 

Project No. 6468092473 I Figure NA Raleigh, North Carolina 

Tested By: CS Checked By: MDC Pre. 1\- \'2- Gy 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-IO(DH) 
Depth: 24.2-25.7' 
Material Description: Strong Brown Silty SAND 
Date: 9/1/09 

Sample Number: SS-5 

Natural Moisture: 53.7 
Liquid Limit: 59 Plastic Limit: 47 USCS Class.: SM 
Testing Remarks: Specific Gravity is assumed 

NA = Not Applicable 
Tested by: CS Checked by: MDC 

Dry Cumulative Cumulative 
Sample Pan Sieve 
and Tare Tare Tare Weight Opening 
(grams) (grams) (grams) Size 

272.86 0.00 0.00 #10 
50.98 0.00 0.00 #20 

#40 
#60 

#100 
#140 
#200 

Hydrometer test uses material passing #10 
Percent passing #10 based upon complete sample = 100.0 
Weight of hydrometer sample =50.98 
Hygroscopic moisture correction: 

Moist weight and tare = 24.35 
Dry weight and tare = 24.24 
Tare weight = 11.24 
Hygroscopic moisture = 0.8% 

Table of composite correction values: 
Temp., deg. C: 10.2 29.5 

Compo corr.: -8.0 -4.0 
Meniscus correction only = 1.0 
Specific gravity of solids = 2.700 
Hydrometer type = 152H 

Weight 
Retained 
(grams) 

0.00 
0.25 
3.70 

12.92 
23.21 
28.06 
31.24 

Hydrometer effective depth equation: L = 16.294964 - 0.164* x Rm 

Elapsed Temp. Actual Corrected 
Time (min.) (deg. C.) Reading Reading K Rm 

2.00 21.2 23.0 17.3 0.0132 24.0 
5.00 21.2 21.0 15.3 0.0132 22.0 

15.00 21.2 18.0 12.3 0.0132 19.0 
30.00 20.9 16.5 10.7 0.0133 17.5 
60.00 20.9 14.5 8.7 0.0133 15.5 

250.00 21.5 12.0 6.3 0.0132 13.0 
1440.00 21.2 10.0 4.3 0.0132 11.0 

Percent 
Finer 

100.0 
99.5 
92.7 
74.7 
54.5 
45.0 
38.7 

Eff. Diameter 
Depth (mm.) 

12.4 0.0329 
12.7 0.0211 
13.2 0.0124 
13.4 0.0089 
13.8 0.0064 
14.2 0.0031 
14.5 0.0013 

Percent 
Finer 

33.8 
29.9 
24.0 
21.0 
17.1 
12.4 

8.4 

11/4/2009 

L--_____________ MACTEC Engineering and Consulting, Inc. _____________ ...J 
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Cobbles 
Gravel Sand Fines 

Coarse I Fine I Total Coarse I Medium I Fine I Total Silt I Clay I Total 

0.0 0.0 I 0.0 I 0.0 0.0 I 7.3 I 54.0 I 61.3 28.4 I 10.3 I 38.7 

010 015 020 030 050 060 080 D85 D90 095 

0.0019 0.0051 0.0082 0.0213 0.1296 0.1747 0.2857 0.3271 0.3825 0.4750 

Fineness Cu Cc Modulus 

0.66 93.28 1.39 

L..-_____________ MACTEC Engineering and Consulting, Inc. _____________ ...1 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

(;) 
o z 

60 

50 

40 

~ 30 
() 
i= 
~ 
0. 

20 

10 

Dashed line indicates the approximate 
upper limit boundary for natural soils -~--'-+------. 

/ 

10 

/ 

/ 
/ 

/ 

/ 

/ 
/ 

30 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

• 

ML or OL 

40 50 60 
LIQUID LIMIT 

SOIL DATA 
NATURAL 

/ 
/ 

/ 

MH orOH 

70 80 

SYMBOL SOURCE SAMPLE DEPTH WATER PLASTIC LIQUID 
NO. CONTENT LIMIT LIMIT 

(%) (%) (%) 

• Boring M- SS-5 24.2-25.7' 53.7 47 59 

lO(DH) 

MACTEC Engineering and Consulting, Inc. Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 

Raleigh, North Carolina Pro'ect No.: 6468092473 

Tested By: ---"C=S'---_~ ______ Checked By: MDC]>5'C t 1-11-:- Q9 

90 100 110 

PLASTICITY USCS INDEX 
(%) 

12 SM 

Fi ure NA 
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LIQUID AND PLASTIC LIMIT TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-I0(DH) 
Depth: 24.2-25.7' 
Material Description: Strong Brown Silty SAND 
USCS: SM 
Tested by: CS 

Run No. 
Wet+Tare 
Dry+Tare 

Tare 
# Blows 

Moisture 

58.16 

58.12 

58.08 

58.04 

58 

~ 
;f7.96 

57.92 

57.88 

57.84 

57.8 

57.76 

1 2 
28.36 27.63 
23.69 23.16 
15.61 15.47 

27 27 
57.8 58.1 

12 

"I 

5 6 7 8 9 10 20 25 30 
Blows 

Run No. 1 2 
Wet+Tare 26.36 36.56 
Dry+Tare 22.86 29.86 

Tare 15.49 15.50 
Moisture 47.5 46.7 

3 

3 

Sample Number: SS-5 

AASHTO: A-7-5(2) 
Checked by: MDC 

4 

40 

4 

11/4/2009 

5 6 

Liquid Limit= 59 
Plastic Limit= 47 

Plasticity Index= 12 
Natural Moisture= 53.7 

Liquidity Index= 0.6 

L...-_____________ MACTEC Engineering and Consulting, Inc. _____________ -1 
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Particle Size Distribution Report ASTM D 422-63 (2007) 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1Yz in. 1 in. %in. %in. #4 tWJ #20 #30 #40 #60 #100 #140 #200 

100 II I II I I I Yr-- ...... I I I I I 
:"-.. 

'""' 90 

~'" 80 

" 70 I\, 0::: 
ill 60 

~~ z u:: 
l- SO z 1\1\ ill 
0 h 
0::: '--'r-.., 
ill 40 ........ 0... ra. 

~ 30 '-' 

~ 20 r-~ -....... r-c ~ -10 V 

0 
10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
0 0.0 0.0 0.0 10.0 46.6 31.9 11.5 

Source Sample # Depth/Elev. Date Sampled USCS Material Description NM% LL PL 
0 Boring M-10(DH) SS-6 29.2-30.7' 9/1109 SM Yellowish Brown Silty SAND 66.7 51 44 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o Specific Gravity is assumed 

Project North Anna 3 Project 
NA = Not Applicable 

Project No. 6468092473 I Fiqure NA Raleigh, North Carolina 

Tested By: CS Checked By: MDC 1)Sc. l \- 11-.." <39 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-lO(DH) 
Depth: 29.2-30.7' 
Material Description: Yellowish Brown Silty SAND 
Date: 9/1/09 

Sample Number: SS-6 

Natural Moisture: 66.7 
Liquid Limit: 51 Plastic Limit: 44 uses Class.: SM 
Testing Remarks: Specific Gravity is assumed 

NA = Not Applicable 
Tested by: CS Checked by: MDC 

Dry Cumulative Cumulative 
Sample Pan Sieve 
and Tare Tare Tare Weight Opening 
(grams) (grams) (grams) Size 

206.01 0.00 0.00 #10 
46.68 0.00 0.00 #20 

#40 
#60 

#100 
#140 
#200 

Hydrometer test uses material passing #10 
Percent passing #10 based upon complete sample = 100.0 
Weight of hydrometer sample =46.68 
Hygroscopic moisture correction: 

Moist weight and tare = 28.03 
Dry weight and tare = 27 .65 
Tare weight = 15.56 
Hygroscopic moisture = 3.1 % 

Table of composite correction values: 
Temp., deg. C: 10.2 29.5 

Compo corr.: -8.0 -4.0 
Meniscus correction only = 1.0 
Specific gravity of solids = 2.700 
Hydrometer type = 152H 

Weight 
Retained 
(grams) 

0.00 
0.43 
4.68 

11.17 
18.44 
22.90 
26.40 

Hydrometer effective depth equation: L = 16.294964·0.164* x Rm 

Elapsed Temp. Actual Corrected 
Time (min.) (deg. C.) Reading Reading K Rm 

2.00 20.8 22.0 16.2 0.0133 23.0 
5.00 20.8 19.5 13.7 0.0133 20.5 

15.00 20.8 16.5 10.7 0.0133 17.5 
30.00 20.8 15.0 9.2 0.0133 16.0 
60.00 21.0 14.0 8.2 0.0133 15.0 

250.00 21.6 12.0 6.4 0.0132 13.0 
1440.00 21.2 10.0 4.3 0.0132 11.0 

Percent 
Finer 

100.0 
99.1 
90.0 
76.1 
60.5 
50.9 
43.4 

Eff. Diameter 
Depth (mm.) 

12.5 0.0333 
12.9 0.0214 
13.4 0.0126 
13.7 0.0090 
13.8 0.0064 
14.2 0.0031 
14.5 0.0013 

Percent 
Finer 

35.4 
29.9 
23.4 
20.1 
18.0 
13.9 
9.4 

11/4/2009 

L...-_____________ MACTEC Engineering and Consulting, Inc. _____________ ...J 
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Gravel Sand Fines 
Cobbles Coarse I Fine I Total Coarse 1 Medium I Fine I Total Silt I Clay I Total 

0.0 0.0 I 0.0 I 0.0 0.0 I 10.0 I 46.6 I 56.6 31.9 I 11.5 I 43.4 

010 015 020 030 050 060 080 085 090 095 

0.0015 0.0038 0.0089 0.0215 0.1021 0.1475 0.2859 0.3437 0.4255 0.5660 

Fineness Cu Cc Modulus 

0.63 97.76 2.08 

'--_____________ MACTEC Engineering and Consulting, Inc. _____________ ....1 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

G) 
o z 

60 

50 

40 

~ 30 o 
i= 

~ 
Cl... 

20 

10 

Dashed line indicates the approximate 
upper limit boundary for natural soils --+----j--~ 

10 

/ 
/ 

30 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

• 
MLorOL 

40 50 60 
LIQUID LIMIT 

SOIL DATA 
NATURAL 

70 

SYMBOL SOURCE SAMPLE DEPTH WATER PLASTIC 
NO. CONTENT LIMIT 

(%) (%) 

• Boring M- SS-6 29.2-30.7' 66.7 44 

10(DH) 

MH orOH 

80 

LIQUID 
LIMIT 

(%) 

51 

MACTEC Engineering and Consulting, Inc. Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 

Raleigh, North Carolina Pro·ect No.: 6468092473 

Tested By: -"C"-=S'--________ Checked By: =M=D--=:C_---=-D--=)=---(=---'--!\-'-----'--'1'1.=-oJ----=-o-=-9_ 

90 100 110 

PLASTICITY USCS 
INDEX 

(%) 

7 SM 

Fi ure NA 
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LIQUID AND PLASTIC LIMIT TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-I0(DH) 
Depth: 29.2-30.7' 
Material Description: Yellowish Brown Silty SAND 
USCS: SM 
Tested by: CS 

Run No. 
Wet+Tare 
Dry+Tare 

Tare 
# Blows 

Moisture 

52 

51.96 

51.92 

51.88 

51.84 

~ 
.~ 51.8 
~ 

51.76 

51.72 

51.68 

51.64 

51.6 

1 
30.08 
25.10 
15.46 

23 
51.7 

5678910 

Run No. 1 
Wet+Tare 27.30 
Dry+Tare 23.70 

Tare 15.47 
Moisture 43.7 

2 
27.59 
23.45 
15.48 

23 
51.9 

? 

+ 

20 25 30 
Blows 

2 
26.68 
23.25 
15.55 
44.5 

3 

3 

Sample Number: SS-6 

AASHTO: A-5(1) 
Checked by: MDC 

4 

40 

4 

11/4/2009 

5 6 

Liquid Limit= 51 
Plastic Limit= 44 

Plasticity Index= 7 
Natural Moisture= 66.7 

Liquidity Index= 3.2 

L..-_____________ MACTEC Engineering and Consulting, Inc. _____________ ....J 
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Particle Size Distribution Report ASTM D 422-63 (2007) 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1Yzin. 1 in. %in. %in. #4 t20 #30 #40 #60 #100 #140 #200 

100 II I II I II I [YI""- ..... ......... I I I I I 
"D 

90 "-
~ 80 '\ 

I\. 70 

~ 0:: w 60 

~\ z 
I 

u:: 
I-
Z 50 

! 
w ~ () " 0:: 
W 40 ""-a... r--o. ........ 30 

~ 

'" 20 '"" '>-' i" 'n. 
10 r-"""'-C: r--r-o 0 

10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
0 0.0 0.0 0.0 7.4 46.1 42.4 4.1 

Source Sample # Depth/Elev. Date Sampled uses Material Description NM% LL PL 
0 Boring M-10(DH) SS-8 39.1-40.6' 9/1/09 SM Yellowish Brown Silty SAND 30.6 42 36 

I 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o Specific Gravity is assumed 

Project North Anna 3 Proiect 
NA = Not Applicable 

Project No. 6468092473 I Figure NA Raleigh, North Carolina 

Tested By: CS Checked By: MOC DSc. n-It,-~.Y 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-10(DH) 
Depth: 39.1-40.6' 
Material Description: Yellowish Brown Silty SAND 
Date: 9/1/09 

Sample Number: SS-8 

Natural Moisture: 30.6 
Liquid Limit: 42 Plastic Limit: 36 USCS Class.: SM 
Testing Remarks: Specific Gravity is assumed 

NA = Not Applicable 
Tested by: CS Checked by: MDC 

Dry Cumulative Cumulative 
Sample Pan Sieve 
and Tare Tare Tare Weight Opening 
(grams) (grams) (grams) Size 

252.78 0.00 0.00 #10 
53.06 0.00 0.00 #20 

#40 
#60 

#100 
#140 
#200 

Hydrometer test uses material passing # 1 0 
Percent passing #10 based upon complete sample = 100.0 
Weight of hydrometer sample =53.06 
Hygroscopic moisture correction: 

Moist weight and tare = 25.26 
Dry weight and tare = 24.76 
Tare weight = 11.27 
Hygroscopic moisture = 3.7% 

Table of composite correction values: 
Temp., deg. C: 10.2 29.5 

Compo corr.: -8.0 -4.0 
Meniscus correction only = 1.0 
Specific gravity of solids = 2.700 
Hydrometer type = 152H 

Weight 
Retained 
(grams) 

0.00 
0.26 
3.93 

10.23 
17.86 
23.39 
28.38 

Hydrometer effective depth equation: L = 16.294964 - 0.164* x Rm 

Elapsed Temp. Actual Corrected 
Time (min.) (deg. C.) Reading Reading K Rm 

2.00 21.1 23.0 17.3 0.0133 24.0 
5.00 21.1 20.0 14.3 0.0133 21.0 

15.00 21.0 16.0 10.2 0.0133 17.0 
30.00 20.9 14.0 8.2 0.0133 15.0 
60.00 20.9 12.0 6.2 0.0133 13.0 

250.00 21.6 9.0 3.4 0.0132 10.0 
1440.00 21.2 7.0 1.3 0.0132 8.0 

Percent 
Finer 

100.0 
99.5 
92.6 
80.7 
66.3 
55.9 
46.5 

Eff. Diameter 
Depth (mm.) 

12.4 0.0330 
12.9 0.0213 
13.5 0.0126 
13.8 0.0090 
14.2 0.0065 
14.7 0.0032 
15.0 0.0014 

Percent 
Finer 

33.4 
27.6 
19.8 
15.9 
12.0 
6.5 
2.5 

11/4/2009 

L..-_____________ MACTEC Engineering and Consulting, Inc. _____________ -' 
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Cobbles 
Gravel Sand Fines 

Coarse I Fine I Total Coarse I Medium I Fine I Total Silt I Clay I Total 

0.0 0.0 I 0.0 I 0.0 0.0 I 7.4 I 46.1 I 53.5 42.4 I 4.l I 46.5 

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95 

0.0052 0.0084 0.0128 0.0253 0.0861 0.1215 0.2432 0.2962 0.3702 0.4974 

Fineness Cu Cc Modulus 

0.51 23.17 1.01 

L..-_____________ MACTEC Engineering and Consulting, Inc. _____________ ....1 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

>< w 
o z 

60 

50 

40 

~ 30 
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10 

Dashed line indicates the approximate 
upper limit boundary for natural soils --+---+-----, 

10 
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I 

30 

I 
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I 

I 
I 

I 

• ML or OL 

40 50 60 
LIQUID LIMIT 

SOIL DATA 
NATURAL 

70 

SYMBOL SOURCE SAMPLE DEPTH WATER PLASTIC 
NO. CONTENT LIMIT 

(%) (%) 

• Boring M- SS-8 39.1-40.6' 30.6 36 

10(DH) 

MH orOH 

80 

LIQUID 
LIMIT 

(%) 

42 

MACTEC Engineering and Consulting, Inc. Client: BECHTELPOWERCORPORATION 
Project: North Anna 3 Project 

Raleigh, North Carolina Pro·ect No.: 6468092473 

Tested By: ---"C"-"S"--________ Checked By: '-"M=D=C'--------"'D~f___.:C=___~II~-~I1..~-_O...:.._9~ 

90 100 110 

PLASTICITY uscs 
INDEX 

(%) 

6 SM 

Fi ure NA 
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LIQUID AND PLASTIC LIMIT TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-10(DH) 
Depth: 39.1-40.6' 
Material Description: Yellowish Brown Silty SAND 
USCS: SM 
Tested by: CS 

Run No. 
Wet+Tare 
Dry+Tare 

Tare 
# Blows 

Moisture 

41.135 

41.134 

41.133 

41.132 

41.131 

~ f1.13 
41.129 

41.128 

41.127 

41.126 

41.125 

1 2 
28.18 24.64 
23.24 20.70 
11.23 11.12 

27 27 
41.1 41.1 

'I 

" 

5 6 7 8 9 10 20 25 30 
Blows 

Run No. 1 2 
Wet+Tare 19.71 26.14 
Dry+Tare 17.42 23.37 

Tare 11.08 15.60 
Moisture 36.1 35.6 

3 

3 

Sample Number: SS-8 

AASHTO: A-5(1) 
Checked by: MDC 

4 

40 

4 

11/4/2009 

5 6 

Liquid Limit= 42 
Plastic Limit= 36 

Plasticity Index= 6 
Natural Moisture= 30.6 

Liquidity Index= -0.9 

~ _____________ MACTEC Engineering and Consulting, Inc. _____________ ....1 
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Particle Size Distribution Report ASTM D 6913-04e2 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1%in. 1 in. %in. %in. #4 #,MJ #20 #30 #40 #60 #100 #140 #200 

100 I I I I 'I 'I 

~ 
I I I I I I 

90 

'" 80 1\ 
70 1\ 

1\ 0:: 
LU 60 

~ ~ u. I\. f- 50 z "\ LU 

I'n 0 
0:: 
LU 40 "\ 0.. 

~ 30 
~ 1':--20 

10 ! 

0 
10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
0 0.0 0.0 0.0 43.4 36.5 20.1 

Source Sample # Depth/Elev. Date Sampled uses Material Description NM% LL PL 
0 Boring M-10(DH) SS-lO 49.1-50.6' 9/1/09 SM (visual) Pale Brown SiltY. SAND _(visual) 16.4 ND ND 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o ND = Not Determined 
NA = Not Applicable 

Project North Anna 3 Project ASTM D 6913-04e2 Method B 

Project No. 6468092473 I Figure NA Raleigh, North Carolina 

Tested By: ...cC~S~ ________ _ Checked By: MDC Dre.. ,\-\2.-0' 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-10(DH) 
Depth: 49.1-50.6' 
Material Description: Pale Brown Silty SAND (visual) 
Date: 9/1/09 

Sample Number: SS-lO 

Natural Moisture: 16.4 
Liquid Limit: ND Plastic Limit: ND USCS Class.: SM (visual) 
Testing Remarks: ND = Not Determined 

NA = Not Applicable 
ASTM D 6913-04e2 Method B 

Tested by: CS 

Ory Cumulative 
Sample Pan Sieve 
and Tare Tare Tare Weight Opening 
(grams) (grams) (grams) Size 

294.04 0.00 0.00 #10 
54.09 0.00 0.00 #20 

#40 
#60 

#100 
#140 
#200 

Gravel 

Checked by: MDC 

Cumulative 
Weight 

Retained Percent 
(grams) Finer 

0.00 100.0 
9.44 82.5 

23.50 56.6 
31.81 41.2 
37.84 30.0 
40.93 24.3 
43.23 20.1 

Sand 
Cobbles Coarse I Fine I Total Coarse 1 Medium I Fine I Total 

0.0 

010 

Fineness 
Modulus 

1.63 

0.0 I 

015 

0.0 I 0.0 

020 030 

0.1497 

0.0 I 43.4 I 36.5 I 79.9 

050 060 080 

0.3471 0.4672 0.7872 

Fines 
Silt I Clay 

I 

085 090 

0.9219 1.1221 

11/4/2009 

I Total 

I 20.1 

095 

1.4490 

'--_____________ MACTEC Engineering and Consulting, Inc. _____________ ...1 
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Particle Size Distribution Report ASTM D 6913-04e2 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1% in. 1 in. % in. % in. 1M #10 #20 #30 #40 #60 #100 #140 #200 

100 1 1 .1 1 11 IT ~ 1 I I I I 1 

90 '" 
80 I' 

h 
1'-' 

70 , 

r\ 
ffi 60 r\. 
~ ~ 
§ 50 '", 

ffi 40 ~ 
Q ~~ 

~ ~ 
r-or-.", 

20 v 

10~+--+--+---~~+-~~+--+---+-----~-r~~--r-~---+------~-r~~--~-r---+------++~~-+~---r---r----~ 

0~~~--~------~1~0~~~~~~--~------~1~~~~~--~--~----~0~.71~~~--~~--~----~0~.071~~~--~~--~--~0.~00~1 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
o 0.0 0.7 3.3 41.8 32.1 22.1 

I Source Sample # Depth/Elev. Date Sampled USCS Material Description NM % LL PL 
o BoringM-10(DH) SS-12 59.1-60.6 9/2/09 SM(visual) VervPaleBrown Siltv SAND (visual) 15.1 ND ND 

Client BECHTELPOWERCORPORATION MACTEC Engineering and Consulting, Inc. 0 ~:~~!~;~=l~d 
Project North Anna 3 Project ASTM D 6913-04e2 Method B 

Project No. 6468092473 I Figure NA Raleigh, North Carolina 

Tested By: CS Checked By: MOC D5C.! \-1 'Z.- - 09 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North AlU1a 3 Project 
Project Number: 6468092473 
Location: Boring M-lO(DH) 
Depth: 59.1-60.6 
Material Description: Very Pale Brown Silty SAND (visual) 
Date: 9/2/09 

Sample Number: SS-12 

Natural Moisture: 15.1 
Liquid Limit: ND Plastic Limit: ND USCS Class.: SM (visual) 
Testing Remarks: ND = Not Determined 

NA = Not Applicable 
ASTM D 6913-04e2 Method B 

Tested by: CS 

Ory 
Sample 
and Tare 
(grams) 

365.85 

103.77 

Tare 
(grams) 

0.00 

0.00 

Cumulative 
Pan 

Tare Weight 
(grams) 

0.00 

0.00 

Gravel 

Sieve 
Opening 

Size 

3/8" 
#4 

#10 
#20 
#40 
#60 

#100 
#140 
#200 

Checked by: MDC 

Cumulative 
Weight 

Retained Percent 
(grams) Finer 

0.00 100.0 
2.42 99.3 

14.64 96.0 
22.26 75.4 
45.15 54.2 
58.54 41.8 
69.02 32.1 
75.01 26.6 
79.83 22.1 

Sand 
Cobbles Coarse I Fine I Total Coarse I Medium I Fine I Total 

0.0 

010 

Fineness 
Modulus 

1.76 

0.0 I 

015 

0.7 I 0.7 

020 030 

0.1321 

3.3 I 41.8 I 32.1 I 77.2 

050 060 080 

0.3606 0.5195 0.9889 

Fines 
Silt I Clay 

I 

085 090 

1.1797 1.4410 

11/4/2009 

I Total 

I 22.1 

095 

1.8660 

'---_____________ MACTEC Engineering and Consulting, Inc. _____________ -' 
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Particle Size Distribution Report ASTM D 6913-04e2 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1%in. 1 in. %in. %in. #4 #;ljJ #20 #30 #40 #60 #100 #140 #200 

100 I I II I II II ~ I I I I I I 

"" 90 1"-', 

~ 
80 '\ 

I\, 
70 

'\ a: w 60 

~ 
z u: 
I- 50 z 

~ 
w 
0 a: w 40 

\:~ 
0.. 

30 \) 

20 

10 

0 
10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
0 0.0 0.0 0.0 29.2 43.4 27.4 

Source Sample # DepthfElev. Date Sampled uses Material Description NM% LL PL 
0 Boring M-10(DH) SS-15 74.1-75.6 9/2/09 SM (visuall Very Dark Bluish Gray Silty SAND (visual 29.9 ND ND 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o ND = Not Deterrrrined 
NA = Not Applicable 

Project North Anna 3 Project ASTM D 6913-04e2 Method B 

Project No. 6468092473 I Fiqure NA Raleigh, North Carolina 

Tested By: CS Checked By: MDC . DSt 1\-1'2..- 09 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-10(DH) 
Depth: 74.1-75.6 Sample Number: SS-15 
Material Description: Very Dark Bluish Gray Silty SAND (visual) 
Date: 9/2/09 Natural Moisture: 29.9 
Liquid Limit: ND Plastic Limit: ND USCS Class.: SM (visual) 
Testing Remarks: ND = Not Detennined 

NA = Not Applicable 
ASTM D 6913-04e2 Method B 

Tested by: CS Checked by: MDC 

Ory Cumulative Cumulative 
Sample Pan Sieve Weight 
and Tare Tare Tare Weight Opening Retained Percent 
(grams) (grams) (grams) Size (grams) Finer 

346.65 0.00 0.00 #10 0.00 100.0 
102.83 0.00 0.00 #20 10.45 89.8 

#40 30.00 70.8 
#60 44.61 56.6 

#100 58.62 43.0 
#140 67.70 34.2 
#200 74.67 27.4 

Gravel Sand Cobbles Coarse I Fine I Total Coarse I Medium .1 Fine 1 Total 

0.0 

010 

Fineness 
Modulus 

1.19 

0.0 I 

015 

0.0 I 0.0 

020 030 

0.0865 

0.0 I 29.2 I 43.4 I 72.6 

050 060 080 

0.1948 0.2845 0.5812 

Fines 
Silt 1 Clay 

I 

085 090 

0.6951 0.8566 

11/4/2009 

1 Total 

I 27.4 

095 

1.1564 

L...-_____________ MACTEC Engineering and Consulting, Inc. _____________ -' 
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Particle Size Distribution Report ASTM D 6913-04e2 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1)r. in. 1 in. %in. %in. i!4 #~ #20 #30 #40 #60 #100 #140 #200 

100 I I 'I I II Ii 

~ 
I I I I I I 

90 
1\ 

h 

80 1'-' 
\ 

70 1\ 
1\ 

0::: ~ w 60 
~ Z 

LL \.. I- 50 z "\ w 
~ 0 

0::: w 40 

'i'u 0.. 

30 "-c 
r-.I'--n 

20 

10 

0 
10 1 0.1 0.01 0.001 

I 
GRAIN SIZE - mm. 

% Gravel % Sand % Fines 
Coarse Fine Coarse Medium Fine Silt Clay 

0 0.0 0.0 0.1 42.8 36.1 21.0 

Source Sample # Depth/Elev. Date Sampled uses Material Description NM% LL PL 
0 Boring M-I0(DH) SS-17 84.1-85.6' 9/2/09 SM (visual) Verv Pale Brown Silty SAND (visual) 15.1 ND ND 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o ND = Not Determined 
NA = Not Applicable 

Project North Anna 3 Proiect ASTM D 6913-04e2 Method B 

Project No. 6468092473 I Figure NA Raleigh, North Carolina 

Tested By: ~C~S~ ________ _ Checked By: MDC 1)5( (\-i1.- GJ 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-10(DH) 
Depth: 84.1-85.6' 
Material Description: Very Pale Brown Silty SAND (visual) 
Date: 9/2/09 

Sample Number: SS-17 

Natural Moisture: 15.1 
Liquid Limit: ND Plastic Limit: ND USCS Class.: SM (visual) 
Testing Remarks: ND = Not Determined 

NA = Not Applicable 
ASTM D 6913-04e2 Method B 

Tested by: CS 

Ory Cumulative 
Sample Pan Sieve 

and Tare Tare Tare Weight Opening 
(grams) (grams) (grams) Size 

369.27 0.00 0.00 #4 
#10 

49.68· 0.00 0.00 #20 
#40 
#60 

#100 
#140 
#200 

Gravel 

Checked by: MDC 

Cumulative 
Weight 

Retained Percent 
(grams) Finer 

0.00 100.0 
0.37 99.9 
8.46 82.9 

21.26 57.1 
28.66 42.3 
34.03 31.5 
36.95 25.6 
39.24 21.0 

Sand 
Cobbles 

Coarse I Fine I Total Coarse I Medium I Fine I Total 

0.0 

010 

Fineness 
Modulus 

1.60 

0.0 I 

015 

0.0 I 0.0 

020 030 

0.1385 

0.1 I 42.8 I 36.1 J 79.0 

050 060 080 

0.3377 0.4608 0.7812 

Fines 
Silt I Clay 

I 

085 090 

0.9082 1.0859 

11/4/2009 

I Total 

I 21.0 

095 

1.3676 

'--_____________ MACTEC Engineering and Consulting, Inc. _____________ ..... 
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Particle Size Distribution Report ASTM D 6913-04e2 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

318 in. 
1Y> in. 1 in. %in. Y> in. ItA #10 #20 #30 #40 #60 #100 #140 #200 

100 II I II I rr '( J- 1 I I I I I 
Iv ..... 

" 90 1'\ 
I\, 

80 

70 \ 
0:: ~ LlJ 60 \ z 
LL 
I-
Z 50 

'\ LlJ 
() 
0:: 
LlJ 40 
0.. '\: 

30 
0 

20 

10 

0 
10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. ! 

I % Gravel % Sand % Fines 
I Coarse Fine Coarse Medium Fine Silt Clay 
10 0.0 0.6 0.8 18.2 53.3 27.1 

Source Sample # Depth/Elev. Date Sampled uses Material Description NM% LL PL 
0 Boring M-30(DH) SS-l 8.7-10.2' 9/1/09 SM (visual) Yellow Silty SAND (visual) 17.0 ND ND 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o ND = Not Detennined 
NA = Not Applicable 

Project North Anna 3 Project ASTM D 6913-04e2 Method B 

Project No. 6468092473 I FiQure N/A Raleigh, North Carolina 

Tested By: ~C~S~ ________ _ Checked By: BS D5<: I\-It.-Q' 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-30(DH) 
Depth: 8.7-10.2' 
Material Description: Yellow Silty SAND (visual) 
Date: 9/1/09 

Sample Number: SS-l 

Natural Moisture: 17.0 
Liquid Limit: ND Plastic Limit: ND USCS Class.: SM (visual) 
Testing Remarks: ND = Not Determined 

NA = Not Applicable 
ASTM D 6913-04e2 Method B 

Tested by: CS 

Ory 
Sample 
and Tare 
(grams) 

233.76 

100.91 

Tare 
(grams) 

0.00 

0.00 

Cumulative 
Pan 

Tare Weight 
(grams) 

0.00 

0.00 

Gravel 

Sieve 
Opening 

Size 

3/8" 
#4 

#10 
#20 
#40 
#60 

#100 
#140 
#200 

Checked by: BS 

Cumulative 
Weight 

Retained Percent 
(grams) Finer 

0.00 100.0 
1.50 9904 
3.25 98.6 
2.84 95.8 

18.65 8004 
39.39 60.1 
58.65 41.3 
67.26 32.9 
73.21 27.1 

Sand Cobbles Coarse I Fine I Total Coarse I Medium I Fine I Total 

0.0 

010 

Fineness 
Modulus 

1.06 

0.0 I 

015 

0.6 I 0.6 

020 030 

0.0902 

0.8 I 18.2 I 53.3 I 72.3 

050 060 080 

0.1935 0.2493 0.4201 

Fines 
Silt I Clay 

I 

085 090 

0.4941 0.6020 

11/4/2009 

I Total 

I 27.1 

095 

0.7955 

1---_____________ MACTEC Engineering and Consulting, Inc. _____________ .... 
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Particle Size Distribution Report ASTM D 6913-04e2 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1% in. 1 in. %in. %in. #4 iWJ #20 #30 #40 #60 #100 #140 #200 

100 I I I I II II I I I I I 
..... j'., 

90 
'\~ 

80 \ 
70 

.. ~ 0:: w 60 z 
~ u:: 

I- 50 z 

~ w 
0 
0:: w 40 I'n CL 

'J 

30 

20 I 

I 
10 I 

0 
10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
0 0.0 0.0 0.0 17.7 46.3 36.0 

Source Sample# Depth/Elev. Date Sampled uses Material Description NM% LL PL 
0 Borin,..!;.M-30(DID. SS-3 13.7-15.2 9/1/09 SM (visual) Yellow Silty SAND (visual) 19.8 ND ND 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o ND = Not Determined 
NA = Not Applicable 

Project North Anna 3 Proiect ASTM D 6913-04e2 Method B 

Project No. 6468092473 I Figure N/A Raleigh, North Carolina 

Tested By: ~C~S~ ________ _ Checked By: BS DS'e ;1-11. - 0)1 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-30(DH) 
Depth: 13.7-15.2 
Material Description: Yellow Silty SAND (visual) 
Date: 9/1/09 

Sample Number: SS-3 

Natural Moisture: 19.8 
Liquid Limit: ND Plastic Limit: ND USCS Class,: SM (visual) 
Testing Remarks: ND = Not Determined 

NA = Not Applicable 
ASTM D 6913-04e2 Method B 

Tested by: CS 

Ory 
Sample 
and Tare 
(grams) 

218.25 
51.75 

Cobbles 

0.0 

010 

Fineness 
Modulus 

0.88 

Tare 
(grams) 

0.00 
0.00 

Coarse 

0.0 

015 

Cumulative 
Pan 

Tare Weight 
(grams) 

0.00 
0.00 

Gravel 
I Fine I Total 

I 0.0 J 0.0 

020 

Checked by: BS 

Cumulative 
Sieve Weight 

Opening Retained Percent 
Size (grams) Finer 

#10 0.00 100.0 
#20 1.12 97.8 
#40 9.18 82.3 
#60 17.81 65.6 

#100 25.82 50.1 
#140 30.09 41.9 
#200 33.12 36.0 

Sand 
Coarse I Medium I Fine I Total 

0.0 I 17.7 I 46.3 I 64.0 

030 050 060 080 

0.1494 0.2097 0.3940 

Fines 
Silt I Clay, 

I 

085 090 

0.4674 0.5646 

11/4/2009 

I Total 

I 36.0 

095 

0.7103 

L..-_____________ MACTEC Engineering and Consulting, Inc. _____________ ....J 
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Particle Size Distribution Report ASTM D 6913-04e2 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1% in. 1 in. %in. Yzin. #4 #20 #30 #40 #60 #100 #140 #200 

100 II I II I I I ~ I I I I I I 

'" 90 
r\ 

80 \ 

\ 
70 'q 

0::: 
w 60 

\ z 
LL 
f-
Z 50 \ w 
0 
0::: 
w 40 
0... 

"-30 

~ 
20 

IV 

10 

0 
10 1 0.1 0.01 0.001' 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
0 0.0 0.0 0.0 35.1 46.9 18.0 

Source Sample # Depth/Elev. Date Sampled uses Material Description NM% LL PL 
0 Borin,g M-30(DH) SS-5 23.7-25.2' 9/1/09 SM (visual) Pale Yellow SiliYSAND(visual) 18.5 ND ND 

Client BECHTEL POWER CORPORATION MACTEC Engineering and Consulting, Inc. o ND =NotDetennined 
NA = Not Applicable 

Project North Anna 3 Proiect ASTM D 6913-04e2 Method B 

Proiect No. 6468092473 I Figure NIA Raleigh, North Carolina 
--------

Tested By: ~C~S~ ________ _ Checked By: BS pse 1\-1 L- 09 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-30(DH) 
Depth: 23.7-25.2' 
Material Description: Pale Yellow Silty SAND (visual) 
Date: 9/1/09 

Sample Number: SS-5 

Natural Moisture: 18.5 
Liquid Limit: ND Plastic Limit: ND USCS Class.: SM (visual) 
Testing Remarks: ND = Not Determined 

NA = Not Applicable 
ASTM D 6913-04e2 Method B 

Tested by: CS 

Dry Cumulative 
Sample Pan Sieve 
and Tare Tare Tare Weight Opening 
(grams) (grams) (grams) Size 

346.85 0.00 0.00 #10 
102.89 0.00 0.00 #20 

#40 
#60 

#100 
#140 
#200 

Gravel 

Checked by: BS 

Cumulative 
Weight 

Retained Percent 
(grams) Finer 

0.00 100.0 
10.59 89.7 
36.14 64.9 
56.55 45.0 
72.09 29.9 
79.39 22.8 
84.41 18.0 

Sand 
Cobbles Coarse I Fine I Total Coarse I Medium I Fine I Total 

0.0 

010 

Fineness 
Modulus 

1.44 

0.0 I 

015 

0.0 I 0.0 

020 030 

0.0876 0.1504 

0.0 J 35.1 I 46.9 I 82.0 

050 060 °BO 

0.2879 0.3756 0.6255 

Fines 
Silt I Clay 

I 

°B5 090 

0.7230 0.8599 

11/4/2009 

I Total 

I 18.0 

095 

1.1087 

L-_____________ MACTEC Engineering and Consulting, Inc. _____________ -' 
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Particle Size Distribution Report ASTM D 6913-04e2 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

3/8 in. 
1% in. 1 in. %in. %in. #4 ~ #20 #30 #40 #60 #100 #140 #200 

100 !I I II I II II -...... r--.~ I I I I I 
I~, 

90 

'1\ 
80 q 
70 \. 

\ 0:: 
ill 60 

\ z 
u.. 
I- 50 Z \ ill 
0 " 0:: 
ill 40 , (L 

30 '--' r--.I'-,..., 
v 

20 

10 

0 
10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
% Gravel % Sand % Fines 

Coarse Fine Coarse Medium Fine Silt Clay 
0 0.0 0.0 0.0 24.0 53.1 22.9 

Source Sample # Depth/Elev. Date Sampled uses Material Description NM% LL PL 
0 Boring M-30roH) 

I 
SS-7 33.7-35.2 9/1/09 SM (visual) Yellow Silty SAND (visual) 14.8 ND ND 

Client BECHTEL POWER CORPORATION MACTEC E;ngineering and Consulting, Inc. o ND = Not Detennined 
NA = Not Applicable 

Project North Anna 3 Project ASTM D 6913-04e2 Method B 

Project No. 6468092473 I Figure NA Raleigh, North Carolina 

Tested By: CS Checked By: BS D.rc i\-I1.-C9 
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GRAIN SIZE DISTRIBUTION TEST DATA 

Client: BECHTEL POWER CORPORATION 
Project: North Anna 3 Project 
Project Number: 6468092473 
Location: Boring M-30(DH) 
Depth: 33.7-35.2 
Material Description: Yellow Silty SAND (visual) 
Date: 9/1/09 

Sample Number: SS-7 

Natural Moisture: 14.8 
Liquid Limit: ND Plastic Limit: ND USCS Class.: SM (visual) 
Testing Remarks: ND = Not Determined 

NA = Not Applicable 
ASTM D 6913-04e2 Method B 

Tested by: CS 

Ory Cumulative 
Sample Pan Sieve 
and Tare Tare Tare Weight Opening 
(grams) (grams) (grams) Size 

384.34 0.00 0.00 #10 
51.82 0.00 0.00 #20 

#40 
#60 

#100 
#140 
#200 

Gravel 

Checked by: BS 

Cumulative 
Weight 

Retained Percent 
(grams) Finer 

0.00 100.0 
2.58 95.0 

12.45 76.0 
23.52 54.6 
32.29 37.7 
36.72 29.l 
39.95 22.9 

Sand 
Cobbles Coarse I Fine I Total Coarse I Medium I Fine I Total 

0.0 

010 

Fineness 
Modulus 

1.14 

0.0 I 

015 

0.0 I 0.0 

020 030 

0.1104 

0.0 I 24.0 I 53.l I 77.1 

050 060 080 

0.2208 0.2862 0.4750 

Fines 
Silt I Clay 

I 

085 090 

0.5540 0.6647 

11/4/2009 

I Total 

I 22.9 

095 

0.8489 

L...-_____________ MACTEC Engineering and Consulting, Inc. _____________ -' 
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Revision 0 
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MACTEC 
< 

Summary of Laboratory Testing 
Standard Test Method for Compressive Strength and Elastic Moduli of Intact 

Rock Core Specimens under Varying States of Stress and Temperatures 
ASTM D7012-07el 

Boring Run Number Number 

M-10 (DR) RS-1 

M-10 (DR) RS-2 

M-10 (DR) RS-3 

M-10 (DR) RS-4 

M-10 (DR) RS-5 

M-30 (DR) RS-6 
--

M-30 (DR) RS-7 

M-30 (DR) RS-8 

M-30 (DR) RS-9 

M-30 (DR) RS-10 

Project Name: North Anna 3 
MACTEC Project No.: 6468-09-2473 

Sample Depth Diameter (in) Length (in) (ft) 

117.45-117.9 2.41 5.15 

133.75-134.2 2.41 5.09 

153.7-154.15 2.41 5.08 

, , 

177.6-178.05 2.39 ' 5.14 
,- -

196.7~197.15 2.39 5.18 
--

57.0-57.45 2.40 5.18 

95.4-95.85 2.39 5.06 

134.9-135.35 2.39 5.26 

166.9-167.35 2.40 5.06 

197.05-197.5 2.40 5.16 

Unconfined As Received 
Time to Failure Compressive Unit Weight 

Strength (psi) (pcf) 

5 min 6 sec 7960 160.1 

15 min 13 sec 19640 161.9 

16 min 0 sec 33830 163.5 

26 min 44' sec 20880 163.3 
----f--', 

12 min 59 sec 30780 163.7 
-- -~ 

14 min 8 sec 28650 162.8 
,--

9 min 39 sec 23700 162.7 

9 min 47 sec 26200 163.7 

7 min 5 sec 24820 164.6 

10 min 29 sec 33040 162.6 
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