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MACTEC Engineering and Consulting, Inc. Page10fl 
Case Method Results PDIPlOT Ver. 2008.2· Printed: 25-Feb·2009 
EXElON VICTORIA· Boring 83290 (48.5'·50' sample) Hammer 10: CME08; Dril ler: l.CARTER CME550 (MACTEC) 
OP: JNH Test date: 21·Feb·2009 
AR: 2.27In~2 SP: 0.492 klft3 
lE: 54.00fl EM: 30,000 ksi 
WS: 16,807.9 lis JC: 0.70 
CSX: Max Measured Compr. Stress BPM: Blows per Minute 
TSX: Tension Stress Maximum EF2: Energy of F~2 
VMX: Maximum Velocity ETR: Energy Transfer Ratio 
FMX: Maximum Force EMX: Max Transferred Energy 
FVP: ForceNeloci\y I!rOl12rtionality 

Bl# CSX TSX VMX FMX FVP BPM EF2 ETR EMX 
ksi ksi fI' kips [] k-ft (%) k-ft , 15.6 13.9 14.2 35 0_' 19 0.232 81.9 0.287 

3 14.8 12.8 13.7 3. 0.' 54.' 0.220 78.5 0 .275 • 15.3 12.0 14.2 35 0.' 549 0.217 79.1 0.277 
5 15.0 12.3 13.8 3. 0.' 55.8 0.219 77.7 0.272 , 15.6 11.8 13.9 35 0.' 55.4 0.222 76.3 0 .267 
7 14.8 12.5 13.7 34 0.' 55.4 0.214 76.2 0.267 
8 15.6 13.0 13.8 35 0.' 56.' 0.227 77.5 0 .271 
9 15.7 12.4 13.4 36 0.' 55.6 0.226 76.3 0.267 

10 15.3 12.1 13.7 35 0.' 55.9 0.221 76.4 0.267 
11 15.4 12.0 13.7 35 0.' 55.8 0 .214 76.2 0.267 
12 15.6 11.5 13.6 35 0.' 55.2 0.217 76.6 0.268 
13 14.8 11.3 12.9 34 0.' 56.1 0 .221 77.1 0.270 
14 14.7 11.3 12.7 33 0.' 55.8 0 .211 74.0 0.259 
15 15.7 11.2 13.7 36 0.' 55.2 0.221 78.7 0.275 
16 15.5 11 .2 13.6 35 0.' 55.9 0.215 76.0 0.266 
17 15.7 11 .7 13.4 36 0.' 55.8 0.219 75.6 0.264 
18 14.9 11.1 13.1 34 0.' 55.4 0.221 76.3 0.267 
19 15.7 11 .3 13.9 36 0.' 55.8 0.225 77.3 0.271 
20 14.7 10.4 13.0 33 0.' 56.0 0 .212 73.8 0.258 
21 16.1 10.2 13.1 37 0.' 56.1 0-212 73.2 0.256 
22 16.3 10.6 13.0 37 0.' 55.2 0.216 73.8 0.258 
23 16.4 10.6 13.0 37 0_' 55.8 0-217 72.6 0.255 
24 16.7 11.4 13.3 38 0_' 55.7 0.222 78.2 0.274 
25 16.4 11.2 12.7 37 0_' 56.0 0.220 75.3 0.264 
26 15.2 10.7 12.9 35 0.' 55.8 0.223 75.2 0.263 
27 16.9 11.9 13.3 38 0.' 55.7 0.227 78.4 0.274 
28 16.2 10.6 13.0 37 0.' 549 0.221 75.1 0.263 
29 16.8 11.7 13.3 38 0.' 55.8 0.233 80.6 0.282 
30 16.1 11.8 12.9 37 0.' 55.5 0.222 75.4 0.264 
31 15.7 10.8 12.9 36 0' 55.6 0.219 75.5 0.264 
32 15.4 11.3 12.8 35 0.' 56.1 0.227 76.9 0.269 
33 15.4 11.1 12.6 35 0.' 56.0 0.222 74 .7 0.262 
34 15.1 12.1 12.7 34 0.7 560 0.224 76.8 0.269 
35 15.3 12.6 12.2 35 0.7 55.5 0.228 78.2 0.274 
36 15.4 11.8 12.2 35 0.7 56.0 0.222 74.4 0.261 
37 16.4 11.8 12.9 37 0.' 56.' 0.233 78.3 0 .274 
38 16.5 11.2 12.6 37 0.' 55.8 0.227 76.9 0-269 
39 16.3 12.5 13.0 37 0.' 55.9 0 .231 78.1 0.273 
40 15.0 99 12.4 34 07 55.5 0 .219 74.9 0.262 
41 14.9 10.4 12.4 34 0.7 56.3 0.224 77.7 0 .272 
42 15.1 10.8 12.6 34 0.7 55.5 0.218 74.1 0 .259 
'3 16.0 12.1 12.7 36 0.7 56.3 0.232 79.5 0 .278 •• 16.2 11 .8 12.5 37 0.7 55.8 0.235 78.0 0.273 
45 16.2 10.8 12.7 37 0.7 55.0 0.231 79.7 0-279 
46 15.3 10.0 12.3 35 0.7 56.2 0.213 75.3 0.263 

Average 15.6 11.5 13.1 35 0.' 54.5 0.222 76.6 0.268 
Total number of blows analyzed: 45 

Time Summary 
Drive 5 minutes 4 seconds 3:12:28 PM· 3:17:32 PM (212112009) BN 1 ·46 
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MACTEC EngillOOfing and Consuiling, Inc. Page 1 ofl 
Case Method Results PDIPlOT Ver. 2008.1 • Printed: 2J..Mar·20Q9 
EXELON VICTORIA - Boring 83290 (53.5'-55' sample) Hammer 10: CME08; Driller: L.CARTER CME550 (MACTEC) 
OP: JNH Test date: 21..feb-2009 
AR: 2.27 inA2 SP: 0 .492 kIft3 
LE: 59.00 It EM: 30,000 ksi 
WS: 16.L807.9I1s JC: 0.70 
CSX: Max Measured Compr. Stress BPM: Blows per Minute 
TSX: Tension Stress Maximum EF2: Energy of FA2 
VMX: Maximum Velocity ETR: Energy Transfer Ratio 
FMX: Maximum Force 
FVP:... ForceNeIoc:i~~ionality 

EMX: Max Transferred Energy 

Bl# CSX TSX VMX FMX FVP BPM EF2 ETR EMX 
k. ksi fI, kips II k-ft (%) k-ft 

2 15.7 12.2 13.9 36 0.' 1.9 0.222 76.9 0.276 
3 15.3 13.9 13.6 35 0.' 56.8 0.222 78.7 0.275 
4 15.4 12.9 14.1 35 0.' 56.5 0.224 60.4 0.261 
5 15.1 12.2 14.0 34 0.' 57.5 0.215 76.5 0 .275 • 15.2 12.4 13.9 35 0.6 57.5 0.220 79.5 0 .276 
7 15.3 11.7 14.0 35 0.6 57.9 0.224 60.7 0 .282 
8 15.1 12.0 14.0 34 06 57.6 0.222 80.4 0.281 
9 15.5 12.1 14.3 35 0.6 57.3 0.229 62.4 0 .266 

10 15.6 11.6 14.3 35 0.' 56.0 0.226 61.4 0 .285 
11 15.4 12.3 13.7 35 0.6 57.4 0.229 81.2 0.264 
12 15.6 11.0 13.9 36 0.6 57.9 0.229 60.3 0.281 
13 15.5 10.6 13.1 35 0.7 57.1 0 .221 76.4 0.275 
14 15.8 10.6 12.9 36 0.7 57.0 0 .229 80.0 0.280 
15 15.6 10.4 13.2 35 0.6 58.2 0 .226 76.3 0.274 
16 15.9 10.3 13.1 38 0.6 56.8 0 .231 76.9 0 .276 
17 15.6 9.8 13.2 35 0.7 57.5 0 .225 77.6 0.272 
18 15.8 10.0 13.2 36 0.6 57.6 0 .229 79.5 0.278 
19 15.4 10.1 13.3 35 0.7 57.7 0 .225 79.2 0 .277 
20 16.1 10.2 13.4 37 0.6 57.2 0.231 79.7 0 .279 
21 16.3 10.1 13.0 37 0.' 57.5 0 .228 n.6 0.272 
22 15.6 10.2 12.7 35 0.7 57.1 0 .223 76.6 0.269 
23 15.4 10.0 12.6 35 0.6 58.3 0 .224 77.4 0 .271 
24 15.1 9.9 12.9 34 0.7 56.9 0 .218 77.0 0.269 
25 16.7 10.7 13.7 38 0.6 57.3 0 .222 78.1 0 .273 
27 15.9 11.2 13.1 38 0.' 57.8 0 .212 76.6 0.269 
28 16.2 11 .1 13.0 37 0.8 58.1 0 .197 72.3 0 .253 
29 16.5 11 .0 13.0 37 0.6 57.2 0 .190 69.0 0 .241 
30 15.6 11.5 13.1 35 0.6 57.5 0.190 71.0 0.249 
31 15.7 10.9 13.1 36 0.6 57.6 0 .175 68.4 0.239 
32 16.7 11 .6 13.4 38 0.5 57.7 0.175 67.8 0.237 
33 15.9 11.4 13.9 38 0.5 57.7 0.170 680 0.238 
34 14.2 11 .1 13.2 32 0.5 57.5 0 .165 65.5 0.229 
35 16.6 11.2 13.7 38 0.6 57.1 0.180 69.4 0.243 
36 14.9 10.3 13.5 34 0.5 57.6 0 .163 65.9 0.230 
37 15.6 11.3 14.1 36 0.5 57.7 0.183 71.8 0.251 
38 14.9 11.4 13.4 34 0.' 57.2 0.179 71.1 0.249 
39 14.2 11.5 12.7 32 0.6 57.0 0.152 64.3 0.225 
40 14.8 9.3 13.5 34 0.5 57.3 0.152 63.6 0.223 
41 14.0 11.1 12.9 32 0.' 57.4 0.186 71.8 0.251 
42 13.8 10.7 12.7 31 06 57.2 0.156 69.3 0.243 
44 16.3 10.9 13.5 37 0.6 56.8 0.236 82.0 0.267 
45 18.0 9.4 13.7 36 0.' 56.9 0.209 75.3 0.264 
46 16.1 9.4 13.9 37 0.6 58.2 0.220 77.8 0.272 
47 14.6 9.7 13.1 34 0.6 57.1 0.203 90.2 0.316 
48 14.9 10.5 13.3 34 0.5 58.2 0.149 63.0 0 .221 
49 14.2 10.2 13.3 32 0.6 57.1 0.168 67.0 0.235 
50 14.0 10.7 12.7 32 0.6 58.0 0.173 68.1 0 .236 
51 15.9 9.4 13.5 36 0.' 57.3 0.215 77.1 0.270 
52 14.7 9.0 12.5 33 0.7 57.1 0.217 76.9 0.269 
53 15.0 10.7 13.5 34 0.' 57.4 0 .196 73.7 0.256 

AV9fage 15.4 10.9 13.4 35 0.' 56.3 0.204 75.2 0 .263 
Total number of blows analyzed: 50 

TIme Summary - 3:22:27 PM· 3:22:27 PM (212112009) BN 1 . 1 
Stop 13 minutes 3:22:27 PM . 3:35:27 PM 
Drive 53 seconds 3:35:27 PM . 3:36:20 PM BN 2 - 53 
Total time 10:13:53] = (Driving 10:00:53]. Stop 10:13:00]) 
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6 MACTEC 
Engineering and constructing a better tomorrow 

May 4, 2009 

Memorandum to File 

From: Jon Honeycutt, Staff Professional ':::S;; ).If-I , 
Reviewed By: Steve Kiser, Principal Professional ~ 

Subject: Report of SPT Energy - MACTEC CME 45C Track 
Hammer Serial No. MEC~12 Automatic Hammer 
WORK INSTRUCTION No, JIl (DCN: EXE-917) 
Exclon Texas COL Project - Supplemental Investigation, Including Ul-IS 
Victoria, Texas 
MACTEC Project No. 6468-07-1777 

Jonathan Honeycutt, ofMACTEC Engineering and Consulting, Inc. (MACTEC), performed energy 
measurements on the above referenced drill rig at the subject site per the referenced Work 
Illstructions. 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 January 22, 2009, during drilling of Boring B3202 at 
the referenced site. The testing was performed by Jonathan Honeycutt from approximately 9: II 
AM to 10:20 AM (ET) on January 22 under sunny skies with a temperature of about 70 degrees 
Fahrenheit. The boring was drilled with personnel and eq uipment from the MACTEC Raleigh 
office. The drilling equipment consisted of aCME 45C model track-mounted drill rig with an 
SPT automatic hammer. The drill ing tools consisted of A W-J-sizcd drilling rods and a 2-foot long 
split tube sampler. Mud rotary drilling techniques were used to advance the boring. The drill rig 
operator during sampling was Mr. Donnie Rhodes. Encrgy 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. K0686 and K983) and strain gages 
(Serial Nos. A W#75/1 and A W#75/2). A steel drill rod, 2-feet long and instrumented with 
dedicated strain gages, was inserted at thc 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 approx.imately 1.75 inches al 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. 

16 Pages Total 

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



Volume 1, Revision 0 Page 601 of 751 DCN# EXE1436

SPT Energy Measurements - Exelon Texas COL Projecl 
Supp!emenlallllvestig(lfioll, !nduding UHS 
MACTEC Project No. 6468-07-1777 

Calibration Records 

The calibration records for al l the above are fi led in DCN EXE-918. 

Calculations for EFV 

May 4,2009 

Page 2 

The work was done in genera l accordance with ASTM D 4633-05. The strain and acce leration 
signa ls were converted to Force and velocity by the PDA, and the data was interpreted by the 
PDA according to the Case Method equation. The max imum energy transmitted to the dril l rod 
string (as measured at the location of the strain gages and accelerometers) was calculated by the 
PDA us ing the EFY method equation, as shown below: 

EFV = I F(t) • Vet) • dt 

Where: EFY = Transferred energy (EFV equation), or Energy of FY 
F(t) = Calcu lated Force at time t 
Vet) = Calculated veloci ty at time t 

The EFY method of energy ca lculation is recommended in ASTM Standard D4633-05. The EFV 
cquat ion, integrated ovcr the complete wave event, measures the total energy content of the event 
using both force and ve locity measurements. The EFY values assoc iated with each blow analyzed 
arc tabulated in the attached POI PLOT tables and are also shown graphically in the POI PLOT 
charts. 

Calculations for ETR 

The ratio of the measured transFerred energy (EFY) to the theoretical potential energy of the SPT 
system ( 140 lb weight with the speci fied 30 inch fall) is the ETR. The ETR values (as percent of 
the theoretical val ue) arc shown in Table I. 

Comparison of ETR to Typica l Energy Transfer Ratio Range 

Based on a research report published by the Florida Department of Transportation (FOOT) 
(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 7 1.7% 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 li terature. The ETR values 
shown in Table I arc genera lly within the range of typical values for automatic hammers as 
reported in the literature. 
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SPT Energy Measurements - Exelon Texas COL Project 
Supplemental Investigation. Including UHS 
MACTEC Project No. 6468-07-; 777 

Discussion 

May 4.2009 

Page 3 

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

• The data obtained by the PDA are consistent between individual hammer blows 
and between the sample depths tested. In general, the first and last one (and 
sometimes two) hammer blow records recorded by the PDA produced poor quality 
data (which is relatively common) and, as such, the record(s) was(were) not 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 average energy transferred from the hammer to the drill rods for each 
individual depth interval using the EFY method ranged from 292 foot-pounds to 
312 foot-pounds. These average energy transfers correspond to energy transfer 
ratios (ETR) of83% to 89% 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 294.7 foot-pounds, with an average ETR of 84.2%. 

Attachments: Page 4 Table I - Summary of SPT Energy Measurements - I Page 
Page 5 Work Instruction - DeN EXE-917 - I Page 
Page 6 Record ofSPT Energy Measurement - I Page 
Pages 7 - 16 PDWLOT Output - 10 Pages 
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MEC-12 
(CME45C MACTEC Donnie 

Raleigh Rhodes Track) 

TABLE 1 
SUMMARY OF SFT ENERGY MEASUREMENTS (ASTM D4633-(5) 

Exelon Texas COL Project - Supplemental [nvestigation, Including UHS 
Victoria, Texas 

MACTEC Project No. 6468-07-1777 
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B3202 1n212009 A W-J 28.5 - 30 14-21-25 
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312 89.1% 
292 83.4% 
293 83.7% 
295 84.3% 
293 83.70/. 

294.7 84.2-/. 

~easured 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 1: EMX • 1000 Ibslkip, where EM)( equals the maximum transferred energy measured by the PDA (see attached PDA data). 
~nergy 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. 
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. Work lDstruction No. 311 Exelon COL Victoria Site MACTEC Engineering and Consulting, Inc. MACfEC Project 6468-07-1777 "'~ \ \/lJ 09 bsued To: SlyfpKiser m JsmathM Honeycutt Rev. No. \:')o.~~ f- ¥'<IV,', .. ,.,::, »ate, '11''-1 oj 

IssuedBy: 

\ \l-t\~'\ 
To, n .. m\"'l 

VandFrom; 
, . 

Applicable Technical ~ures or Plans. 01' other referen~: 1. Geotechnical WOIkP1an(cutreD1 rcvisi~ a'\<rilable at SiteOfl'ice), and 2.. ASTM D 4633.j)5 (copyattacb=d.). 

9 .. 

Specific Instructions (note attachments where necessary): Perform. e:nergy mcasuremenlS for eacb. drill 
rig on site in accordance withASTM D-4633..o5 . Consult with Site Manager as to schedule forperforming 
the mcasuremc:nts. Ha:mmer weigb1s have been chccktd by site penotmCl, and rtcOIds will be available on 
site. All rigs are using automatic hammer systems. Confirm that automatic bammer system is being 
ope:ra1ed within manufacturer's recommendations or in a typical operating fashion as observed from. 
watclUng one or two SPT measurements prior to measuring energy. Check each drill rig using all 
hammerJrod comhina:ti.ons that it will be using. Depths for measurements should be coordinated with the 
Site Manager. See Site Manager for cunem. boring logs afboles drilled and use these to plan most effective 
field mcasuremcnt program. Submit copies of calibration records for equipment. to Project Principal for 
review prior to beginning work on site. --. 

_______ ~S~-:;·~.l~Instry~~di~·~.~ntinote-attacnments where necessary): Confirm with Site Manager that approval. of 
equipment calibration records have been received prior to beginning field testing. If unexpected 
conditions are encountered that affect measurements, contact Site Mamga or Project Principal 
iInlDediately. 

Report Format Prepare standard report in accordance with ASTM D 4633 requirements. Specific Ouali~' Assursnce Proceduns Appliable: QAP 20-1; QAP 25-1; QAP for Reporting 
Nuclear-Related Defects, or Noncomplianccs., per Federal Regulation 10CFR21 and Section 306 of the 
EncrgyR.eorganiz.atioo Act: of 1974. Ctment revisions apply. 
Bold Points or Witness Points: None 
Records: All records.gc:neorted.sball be considered QA Records. Reviewed and Approved by: (Note: Only one signature is required for issuance) l'rojoctManager. ________________ Date, ______ _ Projoct Principal Engineer. 

Oat., --... ----1 Site Mm>agcdCoonli"""", / ~~ Date; _-,l ... II"'U,,-o=-"1+-_~ ~ \ 
Pages: 1 plus attachment 

DC~: EXE217 Attachments: ASTM D 4633415 
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SPT Energy Testing Form, Rev. 0 1/13/09

PROJECT: 

LOCATlOH: 

PROJECT NO.: 

DATE: 

WEATHER: 

INSPECTOR: 

DRllUNG COMPANY: 

BORING NUMBER: 

DEPTH ORILLED: 

TIME DRIVEN: 
RIG OPERATOR: 

HAMMER oPEAATOR: 

POA PAK SERIAL NO.: 

INSTR. ROO AREA: 

ACCEL SERIAL 005.: 
STRAIN SERIAL NOS.: 

of 

REMARKS: 

-I-

g MACTEC 
2801 YQRKMQNT ROAD, SUITE 100 C' CHARLOTTE, NC 28208 

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

RECORD OF SPT ENERGY MEASUREMENT 
GENERAL INFORMATION DRILL RIG DATA 
Exelon MAKE: t..'.#f 
Victoria. Texas WlDEL: ¥>C r---7 .. , ~ 6468-07-1777 SERIAL NO.: ,E,- /7 ,}" / 2,. '/ HAMMER. TYPE; ... h> ..s,,"' .... _ 7, ' r- ROPE CONDITION: N/' -::S ,..., 

ROO SIZE: d',J :S- . Mo<+< ( NO. Of SHEAveS; NI' 

BORING DATA 
133'..20 :2: 
". oS 
7. - n,l<4*,,- "30~ ""'" 

r:> . '(Ne~!> 

NI' 
3622L 

122 , ' N -t 

14 3' ",6" ~ 9- J.(1 i' J 

"S- "'" I 1"-
>AM'" "" ""'H M-VALUE 

I'eell ,."" 
13· S--)}- t· , . !i' 

18 ~- - ,.10 :?- Y . ~ 

..23· j,- - 2,- ~ G .• ~ 

~~.~-- '" II ~ -,;11 - 2,-
33 !O - 3S- 7 -1;2 - / 1 

3~~- _ 10 3-,-&' 

r. \ 
SAM~I'-( ,,;,., - ,,- ) ""J.,~ "/ q.<> i H - I/o{ - r- ~."."I&. Ita" I e~.'1 ~ '-c/t.. d.~F:':'W"" ../."'....". (tJ',.> .... _ ~J ') uJI<O 7, '1- II~ IfJ- lobS") 14-£;. kf'/J 
b~.J...cA.. \..v-+I.': ~~ .... .rl-lbN ... ' ~ I / ~ 'I """ I I :l. If./:> . '100 1fl.(?J:."-1 '~ } 9 ~ IJ<.v 

t I .. / .... 
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MACTEC Engineering and Consulting, Inc.· Case Melhod Results 
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EXELON VICTORIA . Boring 83202 (18.5'-20' sample) 
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MACTEC Engineering and Conslliting. Inc. 
Case Method Resl)lts 

EXELON VICTORIA - Boring B3202 (18.5'-20' sample) 
OP:JNH 
AR 1.22 in~2 
LE: 24.00 ft 
WS: 16,800.0 fls 
CSX: Mal{ Measured Compr. Stress 
TSX: Tension Stress Mal{imum 
VMX: Ma~imum Velocity 
FMX: Ma~imum Force 
FVP: ForceNelocity proportiooality 

BL# CSX TSX 

2 
3 
4 
5 
6 
7 
B , 

10 
11 

Average 

TIme Summary 

kSi 
18.5 
18.5 
18.9 
18.2 
17.7 
18.9 
17.5 
18.2 
17.6 
18.0 
18.2 

ksi 
6' 
7.2 
6.6 
6.7 
6.3 
7.2 
7.3 
6.5 
7.0 
5.7 
6.7 

VMX 
fi, 

19.1 
18.5 
17.2 
18.0 
16.8 
17.1 
16.7 
18.0 
17.0 
16.8 
17.5 

FMX 
kips 

23 
23 
23 
22 
22 
23 
21 
22 
21 
22 
22 

Page 1 ofl 
POIPLOT Ver. 2008.2 - Printed: 2-Mar-2009 

Hammer 10 MECI2: Driller: O.RHOOES CME 45C (MACTEC) 
Test date: 22-Jan-2009 

FVP BPM 
U 

0.4 1., 
0.' 59.9 
O' 55.7 
OA 57.0 
0.' 55.9 
0.5 57.1 
OA 55.9 
0.' 56.6 
03 562 
0.5 56.5 
0.' 51.3 

SP: 0.492 kI1t3 
EM: 29,972 ksi 
JC: 0.70 

BPM: Blows per Minute 
EF2: Energy of F~2 
ETR: Energy Transfer Ratio 
EMX: Ma~ Transferred Energy 

EF2 ETR EMX ,-ft (%) ,-ft 
0.187 81.1 0.284 
0.191 89.6 0.314 
0.194 93.3 0.327 
0.192 85.5 0.299 
0.194 85.7 0.300 
0.193 87.4 0.306 
0.196 96.3 0.337 
0.193 96.' 0.337 
0.191 87.7 0.307 
0.194 87.3 0.306 
0.192 89.0 0.312 

Total number of blows analyzed: 10 

Drive 1 minute 26 seconds 9:11 :03 AM - 9:12:29 AM (112212009) BN 1 - 11 
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EXElON VICTORIA· Boring B3202 (23.5'-25' sample) 
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MACTEC Engineering and Consulting, Inc. 
Case Method Results 

EXELON VICTORIA- Borin9 B3202 (23.5'-25' sample) 
OP:JNH 
AR: 1.22 in~2 
LE: 24.00 ft 
WS: 16,803.4 fls 
CSX: Max Measured Compr. Stress 
TSX: Tension Stress Maximum 
VMX: Maximum Velocity 
FMX; Maximum Force 
FVP: ForceNelocity proportionality 

Bl# CSX TSX VMX 
k,; ksi 1/, 

2 17.2 6.2 14.6 
3 19.8 7.4 12.9 
4 18.9 6.8 13.2 
5 19.6 5.5 13.1 
6 18.5 6.1 13.9 
7 19.8 6.0 12.7 
8 18.3 7.1 13.0 
9 19.8 6.2 14.2 

10 17.3 5.8 12.5 
11 18.7 5.1 13.2 
12 19.6 5.3 13.5 
13 19.6 5.1 12.8 
14 19.0 5.2 13.2 
15 19.1 4.7 13.1 
16 19.7 4.6 13.0 
1T 19.0 3.9 13.0 
18 18.9 3.5 12.9 
19 19.7 3.2 12.8 

Average 19.0 5.4 13.2 

Time Summary 

Page 1 of 1 
PDIPLOT Ver. 2008.2 - Printed: 2-Mar-2009 

Hammer ID: MECI2; Driller: O.RHODES CME 45C (MACTEC) 
Test date: 22-Jan-2009 

SP: 0.492 kJft3 
EM: 29,869 ksi 
JC: 0.70 

aPM: Blows per Minute 
EF2: Energy of F~2 
ETR: Energy Transfer Ratio 
EMX: Max Transferred Energy 

FMX FVP BPM EF2 ETR EMX 
kips " k·ft (%) k·ft 

21 0.6 1.9 0.204 80.9 0.283 
24 0.7 59.1 0.203 84.1 0.294 
23 0.7 56.5 0.203 82.1 0.287 
24 0.7 56.8 0.206 82.5 0.289 
2J 0.6 56.5 0.199 86.5 0.303 
24 0.7 56.4 0.206 81.9 0.287 
22 0.7 56.6 0.204 81.5 0.285 
24 0.6 55.7 0.204 83.0 0.290 
21 0.6 56.6 0.203 82.7 0.289 
23 0.7 56.3 0.204 84.9 0.297 
24 0.6 56.8 0.201 83.9 0.294 
24 0.7 55.6 0.206 83.4 0.292 
23 0.7 56.7 0.205 86.7 0.303 
23 0.7 56.6 0.201 82.1 0.287 
24 0.7 55.9 0.206 84.4 0.296 
23 0.8 56.7 0.206 84.8 0.297 
23 0.7 56.3 0.198 85.2 0.298 
24 0.8 55.8 0.208 81.8 0.286 
23 07 53.5 0.204 83.5 0.292 

Total number of blows analyzed: 18 

Drive 8 minutes 52 seconds 9:22:07 AM - 9:30:59 AM (112212009) BN 1 - 19 
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EXElON VICTORIA - Boring 83202 (28.5'-30' sample) 
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MACTEC Engineering and Consulting, Inc. Pagelofl 
Case Method Results PDIPLOT Ver. 2006.2 - PrTJted: 2--Mar-2009 
EXELON VICTORIA· Boring B3202 (26.5'·30' sample) HalTll'Oef to: MEC12; Driller: D.RHOOES CME 45C (MACTEC) 
OP-, JNH Test dale: 22-Jan-2009 
AR 1.221nA2 SP: 0.492 kIft3 
LE: 34.00 n EM: 30,000 ksi 
WS: 16..L807.9 Us JC, 0.70 
CSX; Ma)( Measured Compr. Stress BPM: Blows per Minute 
TSX: Tension Stress Ma)(imum EF2: Energy of FA2 
VMX: MaKimum Velocity ETR: Energy Transfer Ratio 
FMX: Maximum Force EMX: Ma)( Transferred Energy 
FVP: ForeeJVeloci~ proportional~ 

Bl# CSX TSX VMX FMX FVP BPM m ETR EM)( 
h' hi ", kips n k·' (%) k·' 

2 17.5 7.' 14.1 21 0.7 " 0.226 .... 0.311 
3 16.5 5.2 13.5 23 0.8 57.1 0 .227 69.5 0.313 • 17.9 ••• 13.4 22 0.7 58' 0.226 85.9 0.301 
5 16.6 SA 13.3 23 0.7 58.' 0.224 65.7 0.300 
6 16.0 5.5 13.1 22 0.8 58.2 0.220 69.3 0.312 
7 16.9 6.' 13.0 23 0.7 58.' 0.226 89.3 0.312 
8 16.9 6.' 12.9 23 0.7 58.3 0.224 66.2 0.309 • 18.3 7.7 13.1 22 0.8 58.' 0.222 69.3 0.313 

10 17.6 7.6 13.0 22 0.8 58A 0.222 69.3 0.312 
11 16.7 7.8 13.0 23 0.7 55.6 0 .225 862 0.302 
12 17.9 58 12.6 22 0.8 58.6 0.226 63.4 0.292 
13 16.5 6.7 12.9 23 0.8 58.1 0.221 77.1 0.270 
14 16.9 5.2 12.7 23 0.8 58.2 0.224 63.5 0.292 
15 18.7 6.7 13.0 23 0.7 58.0 0.222 78.3 0.274 
16 17.7 ' .7 12.7 22 08 58.' 0.224 85.4 0.299 
17 16.6 5.' 12.9 23 0.8 58.0 0.226 61.5 0 .265 
18 19.2 3.3 12.6 23 0.7 58.6 0.225 86.3 0.302 
19 19.1 ' .2 12.7 23 0.8 556 0 .226 61 .3 0 .264 
20 16.6 3.5 12.7 23 0.8 58.3 0.226 61 .5 0.285 
21 19.1 3' 12.6 23 0.7 58' 0.223 83.7 0.293 
22 18.8 3.6 12.6 23 0.8 58.3 0.224 BO.8 0.283 
23 19.1 32 12.1 23 0 .7 58.7 0.222 BO.6 0.282 
24 16.3 3.2 12.8 22 0.8 55.9 0.223 83.8 0.293 
25 18.0 3.5 12.6 22 0.8 58.0 0.228 63.4 0.292 
26 19.0 3.' 12.6 23 07 55.8 0 .224 82.5 0.289 
27 17.7 2.8 12.6 22 0.8 567 0.226 BO.O 0.260 
28 18.4 2A 12.4 22 0.8 58.' 0.224 63.9 0.294 
29 19.1 25 12.5 23 0.7 58.' 0.224 62.2 0.288 
30 18.5 1.7 12.3 23 0.8 58.5 0.225 61.8 0.266 
31 18.6 2.3 12.7 23 0.8 54.9 0.225 62.9 0.290 
32 18.1 2.7 12.6 22 0.6 56.3 0.226 79.7 0 .279 
33 16.4 2.2 12.5 22 0.8 56.5 0.226 81.1 0.264 
34 18.7 1.8 12.4 23 0.6 55.7 0.229 69.8 0.314 
35 19.2 15 12.5 23 0.6 57.1 0.224 84.6 0.297 
36 18.9 1.6 12.4 23 0.9 56.6 0.222 85.3 0.299 
37 19.1 1.8 12.3 23 0.9 55.5 0.225 63.6 0.293 
38 19.3 1.7 12.2 24 0.8 56A 0.224 62.9 0.290 
39 18.8 " 12.4 23 0.8 58.3 0.223 68.0 0.308 
40 18.5 1.8 12.6 23 0.6 55.8 0.225 62.9 0.290 
41 19.0 1.7 12.2 23 0.6 58.0 0.219 81.1 0.264 
42 19.2 1.' 12.2 23 D .• 58.2 0.225 60.8 0.283 
43 19.0 1.' 12.5 23 D .• 55.9 0.222 84.5 0.296 
44 19.4 3.1 12.2 24 D .• 58.2 0.227 82.5 0.269 
45 19.0 3.0 12.1 23 D .• 56.' 0.223 61.4 0.285 
46 18.8 3.0 12.3 23 0.6 55.6 0 .227 82.9 0.290 
47 18.1 2.8 12.3 22 08 56.6 0.223 85.1 0298 
48 18.0 2.' 12.2 22 0.8 56.5 0.224 61 .9 0.267 
49 18.7 3.0 12.4 23 0.6 55.8 0 .224 61 .6 0.266 
50 19.1 3.0 12.2 23 D .• 58.5 0.222 84.5 0.296 
51 17.9 3.1 12.4 22 0.' 55.8 0 .219 82.0 0 .267 
52 18.9 2.' 12.4 23 09 56.1 0.224 62.5 0.269 
53 18.9 3.0 12.3 23 O' 58.7 0.218 65.4 0.299 
54 19.0 2.' 12.2 23 07 55.9 0.223 83.5 0.292 
55 16.6 3.0 12.2 23 09 58.3 022<) BO.l 0.260 
58 19.3 3.0 12.1 24 0.8 58.1 0.223 82.3 0.288 
57 18.2 1.' 12.4 22 0.' 58.2 0.223 84.2 0.295 
58 16.7 1.' 12.6 23 08 56.2 0.225 83.1 0.291 

" 19.2 2.0 12.4 23 D .• 58.2 0.223 65.3 0.298 
60 19.1 " 12.6 23 0.9 55.9 0 .225 61 .6 0.286 
61 18.7 2.0 12.3 23 0.8 562 0.222 85.0 0 .297 

Average 16.6 3.6 12.6 23 0.8 55.3 0.224 63.7 0.293 
Total number of blows analyzed: 60 

Time Summary 
Drive 7 minutes 50 seconds 9:42:53 AM - 9:50:43 AM (112212009) 8N 1 ·61 
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MACTEC Engineering and Consulting, Inc. Page 1 ofl 
Case Method Results PDIPlOT Ver. 2008.2 - Printed: 2-Mar-2009 

EXELON VICTORIA- Boring B3202 (33.5'-35' sample) Hammer 10: MECI2; Driller: D.RHODES CME45C (MACTEC) 
OP:JNH Tesl date: 22-Jan-2009 
AR: 1.22 inA2 SP: 0.492 klft3 
LE: 39.oo ft EM: 30,000 ksi 
WS: 16,807.9 lis JC: 0.70 
CSX: Max Measured Compr. Stress BPM: Blows per Minute 
TSX: Tension Stress Maximum EF2: Energy of FA2 
VMX: Maximum Velocity ETR: Energy Transfer Ratio 
FMX: Maximum Force EMX: Max Transferred Energy 
FVP: ForcelVeloci~ Qro~rtionalil~ 

BL' CSX TSX VMX FMX FVP BPM m ETR EMX 
ksi ksi flo kips n k-ft (%) k-ft 

2 20.3 12.3 14.6 25 0.6 1.9 0.247 83.9 0.294 
3 19.7 12.1 15.3 24 0.7 58.2 0.240 88.2 0.309 
4 19.8 11.1 14.8 24 0.7 56.4 0.239 84.2 0.295 
5 19.3 11.1 15.2 24 0.7 56.3 0.238 86.7 0.303 
6 19.3 11.4 15.4 24 0.7 56.6 0.238 89.3 0.312 
7 19.4 9.4 14.8 24 0.7 56.6 0.239 83.6 0.293 
6 19.7 9.2 15.2 24 0.7 56.3 0.239 87.3 0.306 
9 19.5 6.5 15.0 24 07 56.4 0.236 83.1 0.291 

10 19.6 6.2 15.0 24 07 56.5 0.237 86.1 0.301 
11 19.0 6.6 15.4 23 0.7 56.2 0.235 83.9 0.294 
12 19.2 7.\ 15.5 23 0.7 56.4 0.236 85.1 0.298 
\3 19.8 6.2 14.6 24 0.6 56.5 0.237 80.9 0.283 
\4 19.8 7.0 15.0 24 0.7 56.2 0.235 82.0 0.287 
\5 19.2 7.0 15.3 23 0.7 56.0 0.239 84.6 0.297 
\6 19.6 6.6 15.2 24 0.7 56.6 0.237 79.5 0.278 
\7 19.8 6.2 14.8 24 0.6 56.\ 0.237 87.0 0.305 

" 19.7 6.3 15.0 24 0.7 56.3 0.238 85.3 0.298 
\9 19.8 6.4 14.7 24 0.7 56.3 0.240 82.4 0.289 
20 19.0 7.0 15.4 23 0.7 560 0.234 82.3 0.288 
2\ 19.5 6.6 15.0 24 0.7 56.4 0.233 82.7 0.289 
22 19.2 6.6 15.3 23 0.7 56.2 0.236 83.9 0.294 
23 18.9 67 15.3 23 0.7 56.2 0.233 81.6 0.285 
24 19.7 6.6 15.1 24 0.7 56.0 0.234 82.1 0.287 
25 19.9 6.3 14.5 24 0.6 56.2 0.238 89.4 0.313 
26 18.6 6.3 15.3 23 0.7 56.3 0.229 85.2 0.298 
27 19.4 6.6 15.1 24 0.7 56.2 0.235 83.6 0.292 
2B 19.4 7.' 15.2 24 07 565 0.239 84.7 0.297 
29 19.0 6.' 15.2 23 07 56.4 0.240 88.5 0.310 
30 19.5 7.6 15.0 24 0.7 56.\ 0.229 82.6 0 .289 
3\ 19.9 62 14.5 24 0.6 562 0.237 82.8 0.290 

Average 19.5 7.9 15.1 24 0.7 54.5 0.237 84.4 0.295 
Total number of blows analyzed: 30 

Time Summary 
Drive 7 minutes 55 seconds 10:01:31 AM · 10:09:26 AM (112212009) 6N 1 ·32 
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MACTEC Engineering and Cor1$Ulq, Inc, Page1of1 
Case Method Results PDlPlOT Ver. 2008.2 - Printed: 2-Mar-2009 
EXElON VICTORIA - Boring B3202 (38.5'-40' sample) Hammer 10: MECI2; Driller: D,RHQoeS CME 45C (MACTEC) 
OP:JNH Test date: 22-Jan-2009 
AR: 1.22 jn~2 SP: 0.492 klft3 
LE: «.OOf! EM: 30,000 ksi 
WS: 16,807.9 f1s JC: 0.70 
CSX: Max Measured Compr. SIIeSS BPM: Blows per Minute 
TSX: Tension Stress Maximum EF2: Energy of FA2 
VMX: Maximum Velocity ETR: Energy Transfer Ratio 
FMX: Maximum Force EMX: Max T ransfel'Tl!d Energy 
FVP, ForceNeIoc~ I!!QDOrtiooali!): 

'l# CSX TSX VMX FMX FVP 'P" m ETR EMX .. "" fI, ." D k.ft ''') k.ft 
2 2<>.8 13.6 16.6 " 0.' '.9 0.258 82.8 0.290 
3 2<>.9 13.8 16.0 " 0.7 57.6 0.263 86.8 0304 
4 2<>.3 13.4 15.8 " 0.7 56.2 0.257 92.0 0.322 
5 2<>.' 13.5 17.0 " 0.' 57.5 0.250 63.1 0.291 • 19.7 12.0 16.0 24 0.' 56.5 0.251 61.1 0.264 
7 2<>.5 11.7 16.0 " 0.' 56.' 0.251 63.6 0.293 
8 19.9 12.6 15.9 24 0.7 57.1 0.247 63.4 0.292 
9 20.0 11.5 16.8 24 0.7 56.3 0.248 63.2 0.291 

" 19.7 11.2 16.7 24 0.' 56.3 0.249 63.6 0.293 

" 2<>.' 11.2 14.9 " 0.' 56.' 0.250 61.3 0.264 

" 19,4 11.5 16.2 24 0.' 57.1 0.246 79.6 0.279 

" 19,4 11.0 15.8 24 0.' 56.' 0.246 61.6 0.266 

" 19,6 11.5 15.2 24 0.7 56.' 0.246 65.5 0.299 

" 19.3 10.6 16.7 24 0.7 56.4 0.242 63.5 0.292 

" 19.7 11.1 15.6 24 0.7 56.' 0.246 86.' 0.303 

" 19.4 9.8 15.5 24 0.7 56.9 0.242 82.4 0.286 
Average 19.9 11.9 16.0 24 0.7 53.3 0.250 63.6 0.293 

T olal number of blows analyzed: " TIme Summary 
Drive 7 minutes 31 seconds 10:12:54 AM -10:20:25 AM (1/2212009) BN 1 -17 
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6 MACTEC 
Engineering and constructing a befter tomorrow 

May 4, 2009 

Memorandum to File 

From: Jon Honeycutt, StaffProfessionai -::Svl( 
Reviewed By: Steve Kiser, Principal Professional _~~~ __ 

Subject: Report of SYT Energy - MACTEC Atlanta CME 5S D Truck 
Hammer Serial No. MEC-20 Automatic Hammer 
WORK INSTRUCTION No. 311 (DeN EXE9I1) 
Exelon Texas COL Project - Supplemental Investigation, Including UHS 
Victoria County, Texas 
MACTEC Project No. 6468-07-1777 

Jonathan Honeycun, ofMACTEC Engineering and Consulting, Inc. (MACTEC), performed energy 
measurements on the above referenced dri ll 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 

Energy measurements of this dri ll rig were made for two different rod sizes used for drilling 
operations. A summary of the testing for each rod size is below: 

N3 Sized Rods - SPT energy measurements were made on January 25, 2009, during drilling of 
Boring B3231 at the referenced site. The testing was perfonned by Jonathan Honeycun from 
approximately 8:50 AM to 4:45 PM (ET) on January 25 under cloudy skies with a temperature of 
about 65 degrees Fahrenheit. The boring was dril1ed with personnel and equipment from the 
MACTEC Atlanta office. The drilling equipment consisted of aCME 550 model truck-mounted 
drill rig with an SPT automatic hammer. The drilling tools consisted ofN3-sized drilling rods and 
a 2-foot long split tube sampler. Mud rotary dri1Jing techniques were used to advance the boring. 
The drill rig operator during sampling was Mr. Phil Pins. Energy measurements were recorded 
during sampling at the depth intervals shown in Table 3. 

The energy measurements were perfonned with a Pile Driving Analyzer (PDA) model PAX 
(Serial No. 3622L). and calibrated accelerometers (Serial Nos. K990 and KI050) and strain gages 
(Serial Nos. NWNt4611 and NW#146/2). 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 2.27 square inches and an outside diameter of approximately 2.625 inches at the 
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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 2.625 and 2.25 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. 

NW-J Sized Rods - SPT energy measurements were made on January 28, February 20, and 
February 21, 2009. The measurements were made during drilling of Boring 83224 (January 28) 
and 83232 (February 20 and 21) at the referenced site. The measurements made on February 20 
and 21, 2009 were made after adjustments to the hammer weight were performed. The testing 
was from approximately 10:15 AM to 3:30 PM (ET) on January 28 under cloudy skies with a 
temperature of about 40 degrees Fahrenheit. The testing was from approximately I: 15 to 4:25 PM 
(ET) on February 20 under sunny skies with a temperature of about 70 degrees Fahrenheit. The 
testing was from approximately 8:35 to 9:40 AM (ET) on February 21 under cloudy skies with a 
temperature of about 65 degrees Fahrenheit. The borings were drilled with personnel and 
equipment from the MACTEC Atlanta office. The drilling equipment consisted of aCME 55D 
model truck-mounted drill rig with an SPT automatic hammer. The drilling tools consisted of 
NW-J-sized drilling rods and a 2-foot long split tube sampler. Mud rotary drilling techniques 
were used to advance the borings. The drill rig operator during sampling was Mr. Phil Pitts. 
Energy measurements were recorded during sampling at the depth intervals shown in Table 3. 

The energy measurements were perfonned with a Pile Driving Analyzer (PDA) model PAX 
(Serial No. 3622L), and calibrated accelerometers (Serial Nos. K990 and KI050) and strain gages 
(Serial Nos. NW#14611 and NW#146/2 on January 28; NW#221 /1 and NW#22 1/2 on February 
20 and 21). A stee l 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 inserts had cross-sectional areas of approximately 1.43 square 
inches (NW#146) and 2.27 square inches (NW#22 1) and an outside diameter of approximately 
2.625 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 2.625 and 2.25 
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. 

Calibration Records 

The calibration records for all the above are filed in DCN EXE 918. 

Calculations for EFV 

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

EFV ~ J F(t) • Vet) • dt 

Where: EFY = Transferred energy (EFY equation), or Energy of FY 
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The EFV method of energy calculation is recommended in ASTM Standard 04633-05. The EFV 
equation, integrated over the complete wave event, measures the total energy content o[ the event 
using both [orce and velocity measurements. The EFV values associated with each blow analyzed 
are tabu lated in the attached PDIPLOT tables and are also shown graphically in the PDIPLOT 
charts. 

Calculations for ETR 

The ratio o[ the measured transferred energy (EFV) to the theoretical potential energy of the SPT 
system (140 Ib weight with the spec ified 30 inch fall) is the ETR. The ETR values (as percent of 
the theoretical value) are shown in Table 3. 

Comparison of ETR to Typical Energy Transfer Ratio Range 

Based on a research report published by the Florida Department of Transportation (FOOT) 
(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 FOOT 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 I 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 individua l 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 relalively common) and, as such, the record(s) was(were) not 
used in the data reduction. This may result in more or less blows eva luated for ETR 
than what is shown on the boring logs. 

• The range of average energy transferred from the hammer to the driB rods for each 
individual depth interval using the EFV method is shown in Table I below for each 
rod size tested. The correspond ing energy transfer ratio of the SPT hammer system 
is also shown. 

Table I: Average Energy Transfer Range for the Depth Intervals Tested 

Rod Size Range of Average Energy Transferred, 
Per Individual Sample (foot-pounds) 

Range of Average Energy Transfer 
Rati; (ETR) 

N3 283 to 293 81% to 84% 
NW-J 265 to 294 76% to 84% 
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• 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) is shown in Table 2 below for each rod size tested. 

Table 2: Overall Average Energy Testing Results for Each Rod Size 

Rod Size Overall Average Energy Transferred Range of Overa ll Average Energy 
(foot-pounds) Transfer Ratio (ETR) 

N3 289.6 82.7% 
NW-J 287.2 82.0% 

Average of All 288.5 82.4% Rod Sizes 

Attachments: Page 5 Table I - Summary of SPT Energy Measurements - I Page 
Page 6 Work Instruction No. 311 - DeN EXE917 - 1 Page 
Pages 7 - 10 Record of SPT Energy Measurement - 4 Pages 
Pages II - 39 PDlPLOT Output - 29 Pages 
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TABLE 3 
SUMMARY OF SPT ENERGY MEASUREMENTS (ASTM 04633-05) 

Exeion Texas COL Project - Supplemental Investigation, Including UHS 
Victoria. Texas 

MACTEC Project No. 6468-07-1777 
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'" 318.5-320 5-11-22 40 
328.5 • 330 6-16-19 45 

B3231 112512009 N3 338.5 - 339.4 
348.5 - 350 

49 - 5015" 117 
9-17-27 57 

358.5 - 358.8 100/4" 88 
Averae:c for A W-J Rods: 

38.6 - 40. 1 6-7-8 21 
43.5 - 45 3-4-8 16 

B3224 112812009 53.5 - 55 5-6-8 20 
58.5 - 60 7-15-20 43 

NW·) 64 - 65.5 5-7-8 20 

212012009 
288.7 - 290.2 6-12-25 42 
298.4 - 299.9 10-16-24 49 

83232 
212112009 308.5 - 310 15-17 -2 1 64 

Average for NW-J Rods: 
Total Averaee for Ria:: 

i! • • 
~ ~ · .. • e • • • • Q > 

~ > If '- • < -liJ~ :!! .-~ "'-~~~J:. £i~'-1 · -• • • Q ~ . · " <'" '" .; 
284 81.1% 
283 80.9% 
293 83.7% 
291 83.1% 
290 82.9% 

289.6 82.7% 
265 75.7% 
268 76.6% 
292 83.4% 
285 81.4% 
286 81.7% 
290 82.~.4 

292 83.4% 
294 84.00/. 

287.2 82.0·/. 
288.S 82.4°/. 

-Measured 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 hammer blows 
evaluated for ETR than what is shown on the boring logs. 

EFV = EMX • 1000 lbslkip. 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 Em values may differ slightly and insignificantly from those in the PDlPLOT tabl~ due to roundoff. 
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Applicable Tecbnial ProcedUlU or Plans. or other reference 1. Geotechnical. W m:k Plan (CI.IIJ"CD1 revision; available at Site Office). and 2.· ASTM D 46ll-OS (copyatlach.d.). 

0 
., 

Specific Instructions (note attachments where necessary): Perform energy measurements for each drill 
rig on site in accordance with ASTM D4633~5. Consult with Site Manager as to schedule for performing 
'\he measurements. Hammer weigbts have been checked by site petsomlcl. 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 obsetved from 
watching one or two SF! measurements prior to measuring energy. Check each drill rig using all 
bammcrlrod combUlations 1ha! it will be using. Depths fur moasuremcnts should be coordinatc<l with the 
Site Mmlager. See Site Mana&=' for current boring logs afboles drilled and use these to plan most effective 
field ~ program. Submit copies of calibration records for equipment to Project Principal for 
review prior to beginning work. on site. *' 

________ ;S~pea!l:·~l~.Inmu~;!ictj~·~o.~tinote-attaCbIrients where necessary): Confirm with Site Manager that approval of 
equipment calibration records have been received prior to beginning field testing. H unexpected 
conditions att encountered that affect measurements, contact Site Manager or Project Principal 
Unmediate\y. 

Report Format: Prepare standard report in ~ with ASTM D 4633 requirements. Specific Qualitv Assurance Procedures AppUcab\e: QAP 20-1; QAP 25-1; QAP fot Rt:porting 
Nuclear-Related. Defects, or Noncomplianccs, per Federal Regulation 10CFR21 and Section 306 of the 
Encr?;yReorganization Act of 1974. Current. revisions apply. 
Hold Points or Witness Points: None 

All records ... eraloi!.shaII be considered OARecords. Reviewed and Approved b}o: (Note: Only one signmure is required for issuance) "Project Manager: 
Date: _______ _ Project Prinoipal Enginet<o 
Dalo:. __ -,-___ _ Site ManagerICoorc\i -:=,=---62C'.::-::;:::;;-::;;'.R'7~r-.--- Date: _.J..:i ll-Lrld!a..::..O'1-l-_~ ~ , Pa:es: 1 plus attachmmn 

DC~: EXE917 Attaclune.ts: ASTM D 463l-OS 




