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APPENDIXC 

CALIBRATION VERIFICATION FOR 
CONE PENETRATION TESTING 

Fugro's cone penetrometer manufacturing and calibration procedures include ISO 9001 , ASTM 05778-
2007 and European cone penetrometer standards. Cone penetrometers are tested and calibrated for the 
following : 

Mechanical Calibration 
• Cross Talk Check 
• Dimension Check 
• Seal/a-Ring Check 

Electronic Calibration 
• Temperature effect 
• Pre and Post test voltage readings (zeros) 
• Full scale output load readings 
• Pore Pressure transducer calibration 
• Slope indicator calibration 

Calibration Verification Methodology 

Manufactured and calibrated according to ISO 9001 , the calibration values of the electric cone 
penetrometers used for this project were verified before and after fieldwork utilizing the following A2LA 
and/or ANSI/NCSL approved verification systems. 

Tip and Friction 

Load cell : 
Calibrated by: 
Calibration date: 
Load cell model: 
Load cell serial no: 
Capacity: 

Geotac 
Empire Calibration , Inc. (A2LA approved) 
February 27, 2009 
560K 
129739 
50,0001bs 

Pore Pressure Transducer 

Digital Pressure Indicator 
Calibrated by: Empire Calibration, Inc. (AL2A approved) 
Manufactured by: Eaton 
Model number: UPS 3000CC 
Serial number: A0813 
Calibration date: November 11 , 2008 
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Cone Penetrometer Temperature 

Digital Thermometer 
Calibrated by: 
Manufactured by: 
Model Number: 
Serial Number: 
Calibration date: 

Empire Calibration, Inc. (AL2A approved) 
Digi-sence 
8528-40 
C95005824 
November 12, 2008 

Utilizing the above systems each was load and pressure tested as follows: 

Tip: 
Friction: 
Pore Pressure: 
Temperature effect 

0-20,000 lb. 
0-7,500 lb. 
0-350 PSI 
30 Degrees Fahrenheit - 115 Degrees Fahrenheit 

Under each load/pressure increment, the cone penetrometer readings are recorded in millivolts (mV). 
Load/pressure (pounds/psi) load increments and corresponding cone readings in mV are input into HGL 
Instrument Verificaton software to obtain linear regression and correlation coefficient (R2) values (See 
attached HGL Instrument Verification Forms). 

Additionally, load/pressure increments and cone readings were also input into a calibration Verification 
Certificate Program to calculate each cone penetrometer's calibration value in MPa units (See attached 
Calibration Verification Certificates for each cone penetrometer) . The last column in these forms 
represents the calibration values of tip, friction and pore pressure. 

Calculation Example 

Load Increment, P1 

Tip Reading 
Tip Area, A= 15cm2 

Tip Pressure 

Tip Pressure Per mV 

Tip Pressure Per Volt 

Tip Calibration Valve 

Temperature Calibration: 

= 590 lb. 
= 0.295 tons 
= 35.2 mV 
= 0.0161 sq . ft. 
= P1/A = 0.295/0.0161 
= 18.32298 tsf 
= 18.32298/35.2 mV 
= 0.520539 tsf/mv 
= 0.520539 x 1,000 
= 520.539 tsf/volt 
= 49.847 MPaNoit 
- 50 MpaNolt 

Cone Penetrometers are placed in a temperature-controlled enclosure and zero readings recorded in mV 
at intervals between 30 degrees (F) and 115 degees (F). Temperatures and zero readings (mV) are 
entered into the Calibration Verification Certificate software which calculates the deviation between the 
maximum and minimum zero readings (mV) for the tip friction and pore pressure channels. 
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Data Recording 

During the cone penetration test, the calibration numbers are automatically recorded in CPT test data files 
along with the following information (See attached CPT test data file , 6710.DEP): 

Date of CPT test 
Starting time of test 
Project Number 
CPT test number 
Operator name 
Elevation, starting depth, water depth 
Cone serial number 
Number of cone channels (3) 

Tip calibration (50 MPa) 
Friction calibration (0.5 MPa) 
Pore Pressure Calibration (2.5 MPa) 
Slope calibration (525) 

Initial baseline (zero) readings for depth, tip, friction , pore pressure and slope. 
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CPT Checklist 

Operator _____________ _ 

1. Record GPS coordinates of location 

2. Cone is clean, quad rings in place (Loading 
tip and friction) 

3. Check initial zero readings and record 

4. Check for cross talk (Observe friction while 
loading tip) 

5. Install saturated piezo element, de-aire cone 

6. Enter Labels (Correct Location and Job 
Number) 

7. Check depth for accuracy 

8. Start CPT mode and wait one minute for zero 
readings 

9. Advance CPT to depth monitoring all 
channels 

Rig: --- Data: 

CPT Number 

DDDDDDDDD 
DDDDDDDDD 

DDDDDDDDD 
DDDDDDDDD 

DDDDDDDDD 

DDDDDDDDD 

DDDDDDDDD 

DDDDDDDDD 

DDDDDDDDD 

10. End of test - pull cone rods and stop CPT D D D D D D D D D 
mode 

11. Check final zero readings and record D D D D D D D D D 
12. Remove used piezo element and clean cone, D D D D D D D D D 

remove quad rings, remove all soil from quad 
ring groves and insure sleeve moves freely 

13. Plot data, check plot. Are tip and friction and D D D D D D D D D 
Piezo data correct? Is friction ratio within 
range? 
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CPT No 
C-3101 
C-3102 
C-3110 
C-3201 
C-3204 
C-3205 
C-3206 
C-3207 
C-3208 
C-3209 
C-3211 
C-3212 

MACTEC WORK ORDER NUMBER: 200903213 
MACTEC PROJECT NAME: EXELON TEXAS COL PROJECT-SUPPLEMENTAL INVESTIGATION, INCLUDING UHS 

MACTEC PROJECT NUMBER: 6468-07-1777 

CPT INITIAL and FINAL ZERO READINGS 
Tip Friction P. Pressure Inclination 

Date Cone Type Serial No Initial Final Initial Final Initial Final Initial Final 
06-Mar-2009 F7.5CKE2HAW2 1701-1498 0.014246 0.011719 0.009302 0.006673 -0.004492 -0.004395 -0.001891 -0.00334 
06-Mar-2009 F7.5CKE2HAW2 1701-1498 0.014465 0.013794 0.009045 0.006795 -0.00459 -0.004492 -0.001621 -0.002969 
06-Mar-2009 F7.5CKE2HAW2 1701-1498 0.015564 0.013428 0.010339 0.007975 -0.00459 -0.004297 -0.000115 -0.001022 
05-Mar-2009 F7.5CKE2HAW2 1701-1498 0.013428 0.010986 0.009766 0.007121 -0.00459 -0.004395 0.000025 -0.001257 
04-Mar-2009 F7.5CKE2HAW2 1701-1498 0.012439 0.011312 0.009497 0.008423 -0.00459 -0.004492 -0.001895 -0.000671 
05-Mar-2009 F7.5CKE2HAW2 1701-1498 0.015137 0.013306 0.011523 0.008667 -0.004688 -0.00459 0.00026 -0.002272 
04-Mar-2009 F7.5CKE2HAW2 1701-1498 0.012085 0.010986 0.010376 0.008219 -0.00459 -0.004395 0.000801 -0.001139 
06-Mar-2009 F7.5CKE2HAW2 1701-1498 0.017114 0.013794 0.012048 0.008748 -0.004688 -0.004297 0.000357 -0.00263 
05-Mar-2009 F7.5CKE2HAW2 1701-1498 0.013354 0.011312 0.00885 0.006388 -0.00459 -0.004297 0.001945 -0.002741 
04-Mar-2009 F7.5CKE2HAW2 1701-1498 0.012427 0.011963 0.009595 0.008423 -0.00459 -0.00446 -0.000959 -0.001589 
04-Mar-2009 F7.5CKE2HAW2 1701-1498 0.012842 0.010376 0.013379 0.008423 -0.004688 -0.004395 0.00199 -0.000801 
05-Mar-2009 F7.5CKE2HAW2 1701-1498 0.013086 0.011312 0.007996 0.006632 -0.004492 -0.004297 -0.001037 -0.001276 
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HGL Instrument Verification 
DATE: 2116/2009 Instrument No.: ft 

Type Analysis: [KjBF; o Non";;;B"""F;--'W"""X':"1FS; 
location: 

DAbs. 
Houston lVDT?: DYes; W No 

Reading Resolution of Instrument: 0,000001 

Instrument Identification/Data Instrument Standard Prediction Abs. Error Full Scale 
Type Cone Penetrometer-TIP mV Ib Ib Ib Error (%) 

Manufacturer Fugro 0,000000 0,0 1,0 1,0 0.00 
Model Number F7,5CKE3SW2JB 35.600000 600.0 599.9 0.1 0.00 
Serial Number 1701-1498(Tip) 297.400000 5005.0 5004,5 0,5 0,00 

HGL Instrument Number ft 445.200000 7490.0 7491,2 1,2 0.00 
Excitation M 595.400000 10020.0 10018,2 1,8 -0.01 

Gain/Span Setting NA 893.800000 15040.0 15038,6 1.4 0.00 
Full Range Output (V) 1188.200000 19990.0 19991 .7 1.7 0,00 

Full Range/Capacity (Ib) 33716 
Date Verified 211612009 

Date Due 211612010 
Service Status In Service 

Accept Abs. or FS Error ("!o) 0.1 I XIFS; I lAbs. 
Verification/Standard Equipment 

Type Load Cell (A2AL APPROVED) 
Manufacturer INTERFACE 

Model Number FT451-50K 
Serial Number 129739 

HGL Instrument Number ~iw,1 
Date Verified 
Temperature °C= OF 

linear Regression, Uncertainty, & Error Summary 
Correlation Coeff. (R ~\ 0.999999967 

Intercept (Ib) 0.965552009 
Slope (lb/mV) 16.824355 

Verification (Calib.) Factor 16.82435500 
Verification Factor Units Ib/mV 

Absolute Zero (V) 

Floating Zero (V) 
Combined Uncertainty (Ib) 0.237819073 

Coverage Factor 2 
Expanded Uncertainty (Ib) 0.475638145 
Max. Abs. or FS Error (%) -0.01 I XIFS; I lAbs. MTSL Yes; ~No 

0.1:50 I 
0.100 -------~----·---':PJI~~£~~---~-----------I-.--.-.---.. 

, 'I 

::-------f---·---~----r---1-== 
! i : ! 

-0.050 I------+-------+----,--.. ---i-----·--
-0.100 ! , ; I -· .. ·-·----I---[owrLJm~----·T--·-- - --···---r-----··--···---
-0.150 '--___ -'--___ --" ____ -'-___ --'-___ -.1 

12000.0.---.; --'---'! --TI--"1'I--""Ir---, 
i Ib = 16.112 'mVtO.~5 I I I 

1~.0 ·---!-----.. --.. -.... --~---l--·--r----- i 

6000.0 i i i i r----1 
6000.0 --·---1-------·,--.. -+-- -I--.. -··-···\·-.. ·-·--t-----

I I I 1 
4000.0 \------f----+-~-i_---+----!---!----l 

i_-+---l-2000,0 

0.0 ..... --'-----'----'-----'-----'---'--_--' 0.0 5000.0 1~.0 15000.0 20000.0 25000.0 
100 200 300 400 500 600 700 

Uncertainity Budget Analysis For ft 
Source of Uncertainty Value in Ib Distribution Divisor Type Uncertainty (u~ ut Comments 

Standard's Uncertainty N 2.0000 B 
Abs. Error-STDEV 0_2378 N 1,0000 A 0.2378 0,0566 

Resolution of Instrument 0.0000 R 3.4641 B 0.0000 0.0000 
Repeatability 2 N 1.0000 A 

Resolution of Standard #N/A R 3.4641 B 

Combined Uncertainty 0.2378 Coverage Factor 2 for 95% confidence level. 

Expanded Uncertainty (Best Measurement Capability) 3 0.476 Ib 
1) I nLS eqvaooo fOllOWS tI'\8 approacn presemeo by A2l.A. not tnat typiC3Jty use<1ln uncertJmty ca OJ atJOr'\S; I. It., SlOt:.' 0 the Mean. (2) hIS va ue IS unique for type (model) of equipment 

(3) This uncertaint,' represents 3n l!Ixp3'1ded uncertany expressed ~ approximately the D5% mnfidence level using a allH!rage faCO' of k=2. 

Verified By: -=D-=S~ __ Input By: ___ _ Reviewed By: ___ _ Checked By: _...;R:.;.Y"---_ 
File: Remarks:------------------------------------------------------------------------

2000.2 (05/14/07) TIpI498,2·16-2009 3/3/2009 FUGRO CONSULTANTS INC 
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HGL Instrument Verification 
DATE: 2116/2009 Instrument No.: ..:.ft:.:.1~00::........,---, 

Type Analysis: [K]SF; DNonBF; LRJFS; 

Location: ________________ LVOT7: DYes; [ZINo 
DAbs. Reading Resolution of Instrument: 0.000001 

Instrument Identification/Data 
Type Cone Penetrometer 

Manufacturer Fugro 
Model Number F7.5CKEW2IB 
Serial Number 1701-1498 (Friction) 

HGL Instrument Number fl100 
Excitallon (V) 

Gain/Span Setting NA 
Full Range Output (V) 

Full Range/Capacity (Ib) 16858 
Date Verified 2116/2009 

Date Due 2116/2010 
Service Status In Service 

Accept. Abs. or FS Error (%) 0.1 I XIFS; I lAbs. 
Verification/Standard Equipment 

Type Load Cell (A2AL APPROVED) 
Manufacturer INTERFACE 

Model Number FT451-50K 
Serial Number 129739 

HGL Instrument Number 
Date Verified 
Temperature °C= OF 

Linear Regre5sion, Uncertainty, & Error Summary 
Correlation Coeff. lR 2, 0.999999941 

Intercept (Ib) -0.000583427 
Slope (Ib/mv) 2.274385049 

Verification (Calib.) Factor 2.27438505 
Verifica1ion Faclor Units Ib/mv 

Absolute Zero (V) 
Floating Zero (V) 

Combined Uncertainty (Ib) 0.178993019 
Coverage Factor 2 

Expanded Uncertainty (Ib) 0.357986039 
Max. Abs. or FS Error (%) 0.01 I XIFS; 

WOO.Or-----~------~------r------.------~ i Ib:W«,J,.OOO6 I I 
5000.0 I I ! I ----t-----···-

I
·----··---.- -·----;--·-

I I. 
4000.0 I---+I--__+I---t-I---::~__+I----I -- -F-+-i--I--3000.0 

2000.0 ~---~--- ----~ .. --~-----+-----
I I ' 

1000.0 1----:..4---

0.0 ~---l----,~;....! ---'500+' ---2~(JlOf----l 

.1000.0 L-_-'--_--'-! _.............lf~_..!..I_---1 

~I 

I lAbs. 

Instrument Standard Prediction Abs. Error Full Scale 
mv Ib Ib Ib Error (%) 

0.000000 0.0 0.0 0.0 0.00 
221.700000 505.0 504.2 0.8 0.00 
1101.500000 2505.0 2505.2 0.2 0.00 
1548.200000 3520.0 3521.2 1.2 0.01 
2193.900000 4990.0 4989.8 0.2 0.00 
3299.600000 7505.0 7504.6 0.4 0.00 

MTSL Yes; ~NO 

0.150 ,.-----r--....,.---...,.----.,-------.---,-----, 

0.100 ____ l ____ L ___ J yyper ~i!l:~t--l------L---l----
~ ! I ~ I I i : --1--l-t~-t-+-t--~---

~.. -! _ ~--l----r---I ---i-----
-{I.100 f t 1 ; I I ; 

~.150 ------r ---·-r--·-·---· j····lowerfimff---T-----·--·\----------1·- ------· 
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0 1000.0 8000.0 

Uncertainity Budget Analysis For ftl00 
Source of Uncertainty Value in Ib Distribution Divisor Type Uncertainty (u i) ut Comments 

Standard's Uncertainty N 2.0000 B 
Abs. Error-STDEV 0.1790 N 1.0000 A 0.1790 0.0320 

Resolution of Instrument 0.0000 R 3.4641 B 0.0000 0.0000 
Repeatability N 1.0000 A 

Resolution of Standard #N/A R 3.4641 B 

Combined Uncertainty 0.1790 Coverage Factor 2 for 95% confidence level. 

Expanded Uncertainty (Best Measurement Capability) 3 0.358 Ib 
( pr.s equa"," ,., ...... I!le awroadl p ........ OY;o\;AA. I"oO'.,at typiCally used in ur=rt:tloty C3IaJlallOns; I.e .• >lUC' oI1he Mean. (2) hIS value IS unIQue or type (model) 0 equiprner" . 

Verified By: _D_S __ _ Input By: ___ _ Reviewed By: ____ _ Checked By: _...;.R...;.Y __ 
File: 

Rema~s:--------------------------------------------------

20CO.2 (06114107) Fric1498.2-16-2009 31312009 FUGRO CONSULTANTS INC 

1 
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HGL Instrument Verification 
DATE: 2/16/2009 Instrument No.: ..:;;p_t --r-..., 

Type Analysis: [8]BF; DNonBF; 0FS; 
Houston LVDT?:DVes; 0No 

Reading Resolution of Instrument: 0.000001 
Location: 

DAbs. 

Instrument IdentlftcaUon/Oata Instrument Standard Prediction Abs. Error Full Scale 
Type Cone Penetrometer mv psi psi psi Error (%) 

Manufacturer Fugro 0.000000 0.0 0.0 0.0 -0.01 
Model Number F7.5CKEW2IB 207.000000 75.0 75.0 0.0 0.01 
Serial Number 1701-1576-7056-1-133 (Piazo) 413.900000 150.0 150.0 0.0 0.01 

HGL Instrument Number pi 827.400000 300.0 300.0 0.0 -0.01 
Excitation (V) 

Gain/Span Setting NA 
Full Range Output (V) 

Full Range/Capacity (psi) 360 
DateVerifled 2116/2009 

Dale Due 2116/2010 
Service Status In Service 

Accept Abs. or FS Error (%) 0.25 I XIFS; I lAbs. 
Verification/Standard Equipment 

Type PT(ANSIINCSL APPROVED) 
Manufacturer Eaton 

Model Number UPS3000CC 
Serial Number A0813 

HGL Instrument Number ;~I 
Date Verified 
Temperature °C= OF 

Linear Regression, Uncertainty, & Error Summary 
Correlation Coeff. (R ~, 0.999999916 

Intercept (psi) -0.036248388 
Slope (psi/mv) 0.362594071 

Verification (Calib.) Factor 0.36259407 
Verification Factor Units psifmv 

Absolute Zero (V) 

Floating Zero (V) 

Combined Uncertainty (psi) 0.004725147 
Coverage Factor 2 

Expanded Uncertainty (psi) 0.009450294 
Max. Abs. or FS Error (%J 0.01 I XIFS; I lAbs. MTSL Yes; ~NO 

350.0 r---,.--.,--.,---,---r--,---,.----,---, 

I psi; 0 .3526mv.o1362 

---i ---I·· .. -l--·I ·-··.·----
--t----t-··-r-··T·- .. _.-

f i -t--;-..I --t--7""+---+--;--I 

r---+--+--~~-r---t---~---t-
---t---

i 
! ____ .l..._._ •.•. 

:~ =~~~~~[~t+~\=~ 
'I ! 

~.100 t---+---+---+---J 

:: ---i------.:;:j,~:;:-t~::~i=--=-t-

300.0 

200.0 

250.0 

l~o.G 

100.0 

~o.o 

0.0 ~-+--+--r---+--+--+--t--f---l 

00 50.0 too.o 150.0 
~o.o '--_.l......_..L...._-'-_-'-_-'-_-'-_--'-_--'-_--' 200.0 250.0 300.0 350.0 

Uncertainity Budget Analysis For pt 
Source of Uncertainty Value in psi Distribution Divisor Type Uncertainty (UI) ut Comments 

Standard's Uncertainty N 2.0000 B 
Abs. Error-STDEV 0.0047 N 1.0000 A 0.0047 0.0000 

Resolution of Instrument 0.0000 R 3.4641 B 0.0000 0.0000 
Repeatability N 1.0000 A 

Resolution of Standard #NfA R 3.4641 B 

Combined Uncertainty 0.0047 Coverage Factor 2 for 95% confidence level. 

Expanded Uncertainty (Best Measurement Capability) 3 0.009 psi 
(1) I tus equatiOn fOlklwS me .approacn pre.semea by A2LA. rolthattypiC411ry used" unc,ertatnty calo..dations; i.e .. :sTOEVo the Mean. 12) Tht$ value is unique fOr type (model) of equipment. 

(3) This UT\Celtllnty repce$6nt:s an expanded uncertainty e)l:snssed as appro:cim3tl1y the 95% conrldence level usinO a awerage factor or k=2. 

Verified By: .;:D;,;:S __ _ Input By: ___ _ Reviewed By: ___ _ Checked By: _-,R..:..Y,--_ 
File: 

Rema~s: ------------------------------------------------

2000.2 (06/14/07) Pore1498,2-16-2009 313/2009 FUGRO CONSULTANTS INC 



ADVANCE!) F04'ICE MeASUREMENT 

LOAD CELL CALIBRATION CERTIFICATION 
CUSTOMER: FUSRO CONSULTANTS INC. 
ADDRESS : Houston. TX 7]OBl . 
CONDITION; AS FOUOO & FINAL 5.0. f#: 78664 P.O.:/#: L·2563 
MOOEl: FT4S1-50K SERlAL: 129739 BRlOGE: A 
PROCEDURE: {> 1257 

CAPACI1l': 50 

INPUT RESISTANCE: 376.3 
1ERO BAl..ANCE : 0.166 

OUTPUT RESISTANCE: 354.7 OHM 

TEST CONDITIONS 
TEMPERAnlRE: 74 ~F HUMIOffi: 3() ~ EXCITATION: 10 VOC 

TRACEABILITY 
FORCE STANDARD : STO·14 
STANDARD INDICATOR: BR0295 
TEST INDICATOR : BRD297 

NIST I: 8221273338·06 
NISI : 512721 

DUE: 1S"·MAR-l0 
NIST : 512727 

SHUNT CALIBRATION 
Shunt 

C* O.OU) 

Tension Kohm 
Compression 60 Kohm 

PERFORMANCE 

output 
.MOOO mVIV 

.1. 46285 mV IV 

RATED OUTPUT SEB OUTPUT 
TENSION .00030 mV/V .01)000 mVIV 
COMPRESSION ·2.173~7 mV/V -2.17364 mVIV 

Straight l1ne 
Conversion 

.DOOO Klbf 
33.650 Klbf 

NONLINEARID 
.000 tFS 

-.027 %FS 

Coooections* 

-Out to +Exc 

HYSTERESIS 
.000 ~FS 
.045 XFS 

Klbf 

SEB 
± .000 .tFS 
:!: .022 XfS 

~~~ ~fiB~~ ~~ 4rt":fu1':"'G.:~~~ :~~Ja'#."~=~ :\1=~O::~I~'t~~ fit 
. . TEST LOAD 

APPLIED ( Kl bf) 

o 
10 
20 

l~ 
50 
20 o 

RECGIDED READINGS CmV/V) 
Tens10n Compression 

. .00000 

::~ 
'1.30378 
-1.73876 
-2.17387 
-.86994 
- .00018 

TE.CHNICIAfI :_-"~"":;"'_-=-_ Josh Smith DATE ~14·MAA·08 

ItfTERFACE INC. 
7401 EAST BI.fTlIERUS DRIVE· SCOTTSDALE. ARIZONA 85260. U.S.A. 

TELEPHONE (480)948-5555 • FAX (480)948-1924 
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·rn:arface 

LOAD CELL CALIBRATION CERTIFICATION 
CUS'roMER : FUGRO CONSULTANTS INC. 
ADDRESS : Houston. TX 77081 
CONDITION: FINAL S.O. I: 7a664 P.O. fh L-2563 
/mEL: Fr4S1-50K SERIAL: 129739 BRIDGE = A CAPACITY: 12.5 Kl bf 
PROCEDURE: C ·1257 

INPUT RESISTANCE: 374.7 OHM OUTPlJT RESISTANCE: 353.0 OHH 
ZERO BAlANCE :·0.386 tRO 

TEST CONDITIONS 
mtPEAATURE: 75 OF HUMIDITY: 30 % EXCITATION: 10 VDe 

TRACEABIL11Y 

~Jb~~TOR; ~i~! MIST i: 822/275431·07 
ruST : 512127 

DUE: lS·SEP·ll 

TEST INDICATOR : BRD300 NIST : 512727 

SHUNT CALIBRATION 
Shunt Straight line 

(± O.OU) Output Conversion 
Tension 60 K0t: 1.46154 mV/V 33.590 Klbf 
Compressi()n Ko .00000 rnVIV .0000 Klbf 

1~=tlyt~t~~ ~=e'n·?:·~r ~'.~(.. ~~=~{~ 
PERFORMANCE . 

RATED OUTPUT 
TENSION .54411 mViV 
COMPRESSIOn .00000 mV/V 

TEST LOAD 
APPLIED ( K1 bf) 

G.O 
2.5 
5.0 
7.5 

10.0 
12.5 
5.0 
0.0 

ses OUTWv .54388 IlV V 
troNLINEARITY 

•• 073 .tFS 
.00000 raV/V .000 XFS 

RECORDED READU«lS (rnVlV) 
Tension COmpression 

.00000 

.1~ 
j~~9 
.43489 
.54411 
.21n9 
.00026 

1ECHNICW/ , ~ Josh smith 

Connections* 
-Out to ·Exc 

HYm~ 
.000 XFS 

INTERFACE IRC. 
7401 EAST BUTHERUS DRIVE· SCOTTSDALE. ARIZONA 85260. U.S.A. 

TElEPHONE (480)948-5555 • FAX (480)948·1924 

± .044 ir~ 
± .000 ~FS 

PAGE 1 OF 1 
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Empire Calibration, Inc. 
9219 Katy Fwy. SuKe 201 
Hoosion, TX 77024 

l'" 

' i.: : .. , ": ;.' :". 
! ! 

Certificate of Calibration 

Colibrolion report , I PG-XPE-OOHl8 

Customer: Fugro ConsuHonls. Inc. 
GeotechnicalloboroloJ'( 
6100 Hilfcrofl 
Houston lX 77081 
Zhong Zheng 

ChrlsGarcio Co&bration Tech ; 
Ca6brolion dote: .; I 11/11/2008 

Reference standards used: 
Empire Cotibrolion procedure used: 

Enlronmenlal condolons. 
Temperatura: 
Relative Humidify: 

I-
ASTM'D5720-95 
EC-PRS-220 

. ~ 
~deg~ f . .: 
~% .. :. 

Type of Instrument 
Manufaclurer: 
Modell 
Serial # 
Laboratory 10 # 

Calibration due: 

Full sCote readfng : ~--~~ r---~~ 

5°Olpsl l°OlpSi 
Toferance: +f- 2 psi +/- 1 PSI 

As FOUND 
IRefsrance 

IOeviation Pressure 
IReference I I 
jPressure I 10evlatlon J 

psi IlSI psi ..psi psi psi 
0.00 0.0 0 0,00 0.08 0.08 
51.33 51.1 -0.21 10.33 10.2-4 -C.09 
103.42 103.0 -0.42 20.42 20.31 -0.11 
154.87 154.6 -0.24 30.51 30.26 -C.2S 
199.66 199.3 -C.32 40.21 39.89 -0.32 
258.43 258.7 0.27 50.77 50.43 -0.34 
301.53 300.9 -0.63 61.23 60.78 -0.45 
352.56 351.9 -0.66 70.05 69.65 .{).40 
~0"-77 .w3.8 -C.97 80.77 80.34 -0.43 
449.69 ~8.7 -0.99 90.~4 89.97 '{).47 
499.71 498.6 -1.11 101.1 I 100.56 -0,55 

.,"" 

EC-OVN·1MP 
Rev:O 
312101 

Tat 713-464-1116 
Fax: 713-464-1118 

PreS5ure 
EATON 
UPS 3000 CC 
A0813 
XPE-OOI 

111/1112010 

AS fOUND 
IReference j 
(Pressure I 

psi 
0,00 
26.51 
49.89 
75.66 
101.10 
124.78 
150.98 
175.33 
200.89 
224.60 
247.89 

2SOlpsi 
+/-2 psI 

I I. 
I Devioiion I 

PSI psi 
0.0-4 O.~ 

26.32 ·0.19 
49.67 ~.22 

75.18 .c.4S 
100.75 -0,35 
124.36 ~A2 

150.56 ·0.42 
174.78 -0.55 
200.33 -ll.56 
224.21 -0.39 
247.11 -0.78 
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Colibration report ~ .JEG-XPE-Q01-OB 

Adjustments made: 
Comments: 

Instruments used. 

Instrument Serial number Cal date 

Fluke 500 PSI Pressure Module 93650707 4/24/200B 

This caflbration was performed using processes having test uncertainty ratios of 
four or more times greater 14:1) thcih the~-\f.lSt(()menf or parameter being calibrated, 
unless otherwise noted. All uncerT~illti~~ expressed are expanded uncertainties and 
have been estimated at the 95% confidence level (k=2}. 

The Instrument listed In tliis report,ha~ been tested and calibrated using 
equipment whose accuracy is traceable to the National Institute of Sfandards 
and Technology and was done in compliance with ISO/IEC 17025:2005 and 
ANSIfNCSL 1540--1. 

EC-QVN-TMP 
REv:O 
3/2/01 

Cal due 

4/24/2009 

The calibration performed on this instrument and the information contained in this 
report ore provided in order to maintain compliance with ASTM D5720-95 and to improve 
fhe accuracy and reliability of this instrument. 

NO PART OF THIS DOCUMENT MAY SE REPRODUCED 

EXCEPT IN ITS ENTIRETY. 

e 
Certificate # 1201.01 

Certified by: .. 
. 1': ,i. · . . :,.. 

t ... • 

O'Chrls Garcia 
i , iYrtpire Calibration, Inc. 

:.:. ~ 

Date: 11/11/2008 

Page 2 of2 
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Empire Calibration, Jnc. 
9219 Katy Freeway. SuIte 201 
Houston, TX 77024 

, : 

Certificate of Calibration 

Tel: (713) 484-1116 
Fax: (713) 464-1118 

Ca~brotion report It ITherm-C95005824-08 

Customer: Fugro Consullonl$, Inc. 
Geotechnical LoborotolY 

Type of Inslrument 
ManufOCNrer: 

Digital Thermomeler 
Oigt-Sense 

6100 Hillcroff . 
Hovston TX 77081 
Zhong Zheng 

Calibrafion Tech: Chris Gorcia 
Calibration dote: I 11/12/2008 

Reference stondard~ used: 
Empire Calibralion procedure used: 

Enyfronmvntal condHlons 
Temperature: 
Relative HumIdify: 

Type ofTemperaiure Sensor 

[Reference I I 
ITemp. I AS FOUND IDeviation 

(OFI [OFl [oF) 

0.0 0.8. 0.8 
100.0 99.6 -0.4 
200.0 199.6 -0.4 
300.0 299.8 -0.2 
400.0 399.9 -0.1 
500.0 500.0 0.0 
700.0 700.0 0.0 
1000.0 1000.0 0.0 

Tolerance: +/- 3.96·F 

Mode\it 
50001# 
laboratory 10 it 

Calibration due: 

8528-40 
C95005824 
TO 001 

11112/2009 

ASTM 1':220; E1137: 10600 Condilion as found: In lolerance 
EC-TMP-220 CondlHan as leH: In tolerance 

~degC 
~ 

K .t. 

I ,.' · IReference I 
I ITemo. I 

,OF I 
0.0 

100.0 
200.0 
300.0 
400.0 
500.0 
700.0 
1000.0 

.1. 

I I 
AS lEFT IDevioHon t 

[OF) ,OF) 
0.8 0.8 
99.6 -0.4 
199.6 -0.4 
299.8 ·0.2 
399.9 -0.1 
500.0 0.0 
700.0 0.0 
1000.0 0.0 

Page lof2 



Calibration report # ITherm-C95005824-08 

Adjusfments mode : 
Comments: 

Instruments used_ 

Instrument Serial number Col date 

Omega CL23A T-216366 5/2/2008 

This calibration was performed using processes having test uncertainty ralios of 
four or more times greater (4: 1) than the Instrument or paramefer belng calibrated, 
unless othelWlse noted. All uncertainties expressed are expanded uncertainties and 
hove been estimated at the 95% confidence level (k=2). 

The Instrument listed in this repo~has ~een tested and calibrated using 
equipment whose occuracy Is 1raceable to the Nollonollnstitute of Standards 
and Technology and was done in comprlOnce with ISO/IEC 17025:2005 and 
ANSI/NCSl Z540-1. 

The cafibration performed on this instrument and the informatIon contained in this 

Cal due 

5/2/2009 

report are provided in order to maintain compliance with the listed test method/5) (per lhe . 
parameters checked in this report) and/or the manufacturers or customers specifications. 

NO PART OF THIS DOCUMENT MAY BE REPRODUCED 
EXCEPT IN ITS ENTIRETY. 

~ ~ Certified by: 
~ __________________________ ~D~a~te~: _____ 1~I~J~12~/~2~00~8 

Chris Garcia 
Empire Calibration. Inc. 

Page 2of2 
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Calibration Verification Certificate 

Device Type: Piezo Cone Penetrometer 

Device Number: F7.5CKEW2IB 1701·1498 
TIP CALIBRATION 
Tip area = 15 cm2 = 0.0161 ft2 
Tip readings in mV 

TIP 
Load 

Ib 
Load load/area Tip Cal Factor 

Mpa Tons tsf mV 
o 

600 
5005 
7490 

10020 
15040 
19990 

o 
0.3 

2.5025 
3.745 

5.01 
7.52 

9.995 

o 
18.63354 
155.4348 
232.6087 
311.1801 
467.0807 
620.8075 

FRICTION CALIBRATION 
Sleeve area::: 200 cm2 = 0.2153 ft2 
Friction readings in mV 

o 0 
35.6 50.1224832 

29i.4 50.0488893 
445.2 50.0331664 
595:4 50.0484023 
893.8 50.0424786 

1188.2 50.0327729 

Load 
Ib 

Load 
Tons 

load/area 
Isf 

Friction 
Friction Cal Faclor 

o 
505 

2505 
3520 
4990 
7505 

o 
0.2525 
1.2525 

1.76 
2.495 

3.7525 

o 
1.172782 
5.817464 

8.17464 
11.58848 
17.42917 

mV Mpa 
o 0 

221 .7 0.50656929 
1101.5 0.50575059 
1548.2 0.50562527 
2193.9 0.50582104 
3299.6 0.50582766 

PORE PRESSURE TRANSDUCER CALIBRATION 
Serial: 7056-1-133 
Pore Pressure readings in mV 
Pressure Pressure Transducer P.Pres. 

readings Cal Factor 
psi Isf mV Mpa 

0 0 0 0 
75 5.4 207 2.49810456 

150 10.8 413.9 2.49870812 
300 21.6 827.4 2.4999161 

Temperature Calibration (30 ·115 degrees F) 
Temp (deg TIP (mV) FRIC (mV) PIEZO (mV) 

30 0.985 0.874 -0.742 
50 1.023 0.924 -0.201 
75 1.278 1.112 0.278 

100 1.323 1.201 0.943 
115 1.446 1.541 1.783 

1200 

1000 

~ 
800 

600 
~ 400 

200 

35<l0 
3000 

., 2500 

.§. 2000 

~ 1500 
u: 1000 

! 
~ 
i ,.. 

5<l0 
a 

1000 

800 

600 

400 

200 

Deviation 
Tip 
Friction 
Piezo 

TIP CALIBRATED BY INTERFACE (A2LAAPPROVED) LOAD CELL: 
Model FT451-50K, Serial No. 129739 

o 500D 

TIp 

10000 
load c.n (lbo, 

FrlcUon Sleeve 

2000 4000 
lAod(lbo, 

Pore Pressure 

100 200 
Lood(loI) 

15000 

6000 

300 

mV Mpa % Full Scale 
0.461 0.02305 0.0461 
0.667 0.000334 0.0667 
2.525 0.006313 0.2525 

FRICTION CALIBRATED BY INTERFACE (A2LAAPPROVED) LOAD CELL: 
Model FT451-50K. Serial No. 129739 

20000 

8000 

400 

PORE PRESSURE TRANSDUCER CALIBRATED BY EMPIRE CALIBRATION. INC (AANSIINCSL APPROVED) 
Pressure Indicator Model: UPS3000CC. Serial: A0813 
TEMPERATURE CALIBRATED BY EMPIRE CALIBRATION. IN~ (A2LA APPROVED) 
Model # 8528-40, Serial # C95005824, ID # T)100 1 ~ ~ d- ...!l /nu 7?c>r cd / ~ /2.,;I:1-f;(SSt "---
Calibration Verified by: Dennis Stauffer .4V Date: 2116/2009 

Checked By : Recap Yilmaz Dale: 2116/2009 
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Calibration Verification Certificate 

Device Type: Piezo Cone Penetrometer 

Device Number: F7.5CKEW2/B 1701·1498 
TIP CALIBRATION 
Tip area = 15 cm2 = 0.0161 ft2 
Tip readings in mV 

Load Load load/area 
Ib Tons tsf 

0 0 0 
500 0.25 15.52795 

4990 2.495 154.9689 
7510 3.755 233.2298 

10005 5.0025 310.7143 
15015 7.5075 466.3043 
20010 10.005 621.4286 

FRICTION CALIBRATION 
Sleeve area = 200 cm2 = 0.2153 ft2 
Friction readings in mV 

TIP 
Tip Cal Factor 
mV Mpa 

0 0 
29.7 50.066229 

296.5 50.0503564 
446.3 50.0431198 
594.4 50.0575533 
892.1 50.0544996 

1188.8 50.0575533 

Friction 
Load Load load/area Friction Cal Factor 
Ib Tons tsf mV Mpa 

0 0 0 0 0 
500 0.25 1.16117 220.3 0.50474111 

2490 1.245 5.782629 1095.9 0.50529104 
3505 1.7525 8.139805 1542.8 0.50523283 
5000 2.5 11.6117 2198.4 0.50579725 
7490 3.745 17.39433 3295.3 0.50547541 

PORE PRESSURE TRANSDUCER CALIBRATION 
Serial : 7056-1-133 
Pore Pressure readings in mV 
Pressure Pressure Transducer P.Pres. 

readings Cal Factor 
psi tsf mV Mpa 

0 0 0 0 
75 5.4 206.9 2.49931196 

150 10.8 414 2.49810456 
300 21.6 828.1 2.4978029 

Temperature Calibration (30 • 115 degrees F) 
Temp (deg TIP (mV) FRIC (mV) PIEZO (mV) 

30 0.990 0.863 -0.643 
50 1.134 0.899 -0.197 
75 1.352 0.994 0.307 

100 1.457 1.107 0.875 
115 1.509 1.423 1.621 

1200 

1000 

s- 800 
g 600 .. 
;:: 400 

200 

3500 
3000 

>" 2500 
~ 2000 
~ 1500 
u: 1000 

~ 
~ 
1l 
~ .... 

500 
o 

1000 

800 

600 

400 

200 

0 

Deviation 
Tip 
Friction 
Piezo 

TIP CALIBRATED BY INTERFACE (A2LAAPPROVED) LOAD CELL: 
Model FT451-50K, Serial No. 129739 

o 

0 

5000 

Tip 

10000 
Load Cell (Ibs) 

15000 

Friction Sleeve 

2000 4000 
Load (lbs) 

6000 

Pore Pressure 

100 

mV 
0.519 
0.560 
2.264 

200 300 
load (lsI) 

Mpa % Full Scale 
0.02595 0.0519 
0.00028 0.056 
0.00566 0.2264 

FRICTION CALIBRATED BY INTERFACE (A2LA APPROVED) LOAD CELL: 
Model FT451-50K, Serial No. 129739 

20000 

8000 

400 

PORE PRESSURE TRANSDUCER CALIBRATED BY EMPIRE CALIBRATION, INC (AANSI/NCSL APPROVED) 
Pressure Indicator Model: UPS3000CC, Serial: A0813 
TEMPERATURE CALIBRATED BY EMPIRE CALIBRATION, INC (A2LA APPROVED) 
Model # 8528-40, Serial # C95005824, 10 # TD-001 

Calibration Verified by: Sheldon Collins ~ Date: 3/11/2009 

Checked By : Recep Yilmaz 

'Pcf 
Date: 3/11/2009 
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HGL Instrument Verification 
DATE: 3/11/2009 Instrument No.: -,:ft=-=----r-:-:-1 

Type Analysis: [KjBF; DNonBF; [KjFS; 
Location : 

DAbs. 
Houston LVDT?: DYes; [KlNo 

Reading Resolution of Instrument: 0.000001 

Instrument IdentificationlData Instrument Standard Prediction Abs. Error Full Scale 
Type Cone Penetrometer-TIP mV Ib Ib Ib Error (%) 

Manufacturer Fugro 0.000000 0.0 -0.5 0.5 0.00 
Model Number F7.5CKE3SW2/B 29.700000 500.0 499.4 0.6 0.00 
Serial Number 1701-1498(Tip) 296.500000 4990.0 4990.2 0.2 0.00 

HGL Instrument Number ft 446.300000 7510.0 7511.6 1.6 0.00 
Excitation M 594.400000 10005.0 10004.5 0.5 0.00 

Gain/Span Setting NA 892.100000 15015.0 15015.3 0.3 0.00 
Full Range Output (V) 1188.800000 20010.0 20009.4 0.6 0.00 

Full Range/Capacity (Ib) 33716 
--

Date Verified 3/11/2009 
Date Due 3/11/2010 

Service Status In Service 
Accept. Abs. or FS Error (%) 0.1 I X IFS; I lAbs. 

Verification/Standard Equipment 
Type Load Cell (A2AL APPROVED) 

Manufacturer INTERFACE 
Model Number FT451-50K 
Serial Number 129739 

HGL Instrument Number _~I 
Date Verified 
Temperature °c = of 

Linear Regression, Uncertainty, & Error Summary 
Correlation Coeff. (R2 0.999999988 

Intercept (Ib) -0.459770079 
C"--

Slope (lb/mV) 16.83195614 
Verification (Calib.) Factor 16.83195614 

Verification Factor Units Ib/mV 
Absolute Zero (V) 
Floating Zero (V) 

f--.----
Combined Uncertainty (I b) 0.17795124 - ----_.-

Coverage Factor 2 
Expanded Uncertainty (Ib) 0.355902481 
Max. Abs. or FS Error (%) 0.00 I X IFS; I lAbs. MTSL Yes; ~No 

12000.0 0.150 

Upp r Limit lb' 16.83 OmV-O.459 

/ 
0.100 10000.0 

6000.0 0.000 ... ./ 
/ 

/" V 
/' 

8000.0 0.050 

4000.0 
-0.050 

2000.0 / 
Low r Limit /' -0.100 

0.0 

1 0 20 3 0 4 0 5 0 6 0 7 0 -0.150 

0.0 5000.0 10000.0 15000.0 20000.0 25000.0 
-2000.0 

Uncertainity Budget Analysis For ft 
Source of Uncertainty Value in Ib Distribution Divisor Type Uncertainty (Uj) Uj' Comments 

Standard's Uncertainty N 2.0000 B 
Abs. Error-STDEV1 0.1780 N 1.0000 A 0.1780 0.0317 

Resolution of Instrument 0.0000 R 3.4641 B 0.0000 0.0000 
Repeatability2 N 1.0000 A 1---- -----

Resolution of Standard #N/A 
-

3.4641 B R 
1-- 1--------

Combined Uncertainty 0.1780 Coverage Factor 2 for 95% confidence level. 
Expanded Uncertainty (Best Measurement Capability)3 0.356 Ib 

(1) ThIs equation follows the approach presented by A2LA, nol that typically used Ul uneertalflty calculations, I.e" STDEV of the Mean. (2) This value IS unique for type (model) of eqUIpment 

(3) This uncertainty represents an expa de uncertai ty expressed as approximately the 95% confidence level using a coverage factor of k=2. 

RY tJ Verified By: _S_C-f-f<-_V 
File: 

Remarks: ---------------------

Input By: ___ _ Reviewed By: ___ _ Checked By: 

2000.2 (06/14/07) Tip1498.xls, 3-11-2009 3/27/2009 FUGRO CONSULTANTS INC 
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HGL Instrument Verification 
DATE: 3/11/2009 Instrument No. : ..;..ft:..;..10,,-,0'-,---. 

Type Analysis: []] BF; DNonBF; []]FS; 
LVDT?:DYes; []]No 

Reading Resolution of Instrument: 0.000001 
Location: 

DAbs. ------------

Instrument Identification/Data Instrument Standard Prediction Abs. Error Full Scale 
Type Cone Penetrometer mv Ib Ib Ib Error (%) 

Manufacturer Fugro 0.000000 0.0 -0.6 0.6 0.00 
Model Number F7.5CKEW2/B 220.300000 500.0 500.2 0.2 0.00 
Serial Number 1701-1498 (Friction) 1095.900000 2490.0 2490.8 0.8 0.00 

HGL Instrument Number ft100 1542.800000 3505.0 3506.7 1.7 0.01 
Excitation (V) 2198.400000 5000.0 4997.2 2.8 -0.02 

Gain/Span Setting NA 3295.300000 7490.0 7490.8 0.8 0.00 
Full Range Output (V) 

Full Range/Capacity (Ib) 16858 
Date Verified 3/11/2009 

Date Due 3/11/2010 
Service Status In Service 

Accept. Abs. or FS Error (%) 0.1 I X IFS; I lAbs. 
Verification/Standard Equipment 

Type Load Cell (A2AL APPROVED) 
Manufacturer INTERFACE 

Model Number FT451-50K 
Serial Number 129739 

HGL Instrument Number ... 1 
Date Verified 
Temperature °c = of 

Linear Regression, Uncertainty, & Error Summary 
Correlation Coeff. (R2) 0.999999679 

Intercept (Ib) -0.64407662 
Slope (Ib/mv) 2.273380399 

Verification (Calib.) Factor 2.27338040 
Verification Factor Units Ib/mv 

Absolute Zero (V) 
Floating Zero (V) 

Combined Uncertainty (I b) 0.394103417 
Coverage Factor 2 

Expanded Uncertainty (Ib) 0.788206834 
Max. Abs. or FS Error (%) -0.02 I XIFS; I lAbs. MTSL Yes; ~No 

6000.0 0.150 

Upper imit Ib • 2.2734mv p.6441 

/' 
5000.0 0.100 

............... 
------. 

Lower imit 
1000.0 

/ 

/' 
V 

// 
V 

/' 

4000.0 0.050 

3000.0 0.000 

2000.0 
-0.050 

·0.100 

0.0 
5 0 lr 1 0 2 po 2~ 

0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0 7000.0 8000.0 
·0.150 

·1000.0 

Uncertainity Budget Analysis For ft100 
Source of Uncertainty Value in Ib Distribution Divisor Type Uncertainty (Uj) ut Comments 

Standard's Uncertainty N 2.0000 B 
Abs. Error-STDEV 0.3941 N 1.0000 A 0.3941 0.1553 

Resolution of Instrument 0.0000 R 3.4641 B 0.0000 0.0000 
Repeatability N 1.0000 A 

Resolution of Standard #N/A R 3.4641 B 

----

Combined Uncertainty 0.3941 Coverage Factor 2 for 95% confidence level. 
Expanded Uncertainty (Best Measurement Capabilitd 0.788 Ib 

(1) ThiS equation follows the approach presented by A2LA. not that typically used In uncertamty calculations, I.e., STDEV of the Mean. (2) This value IS umque fO( type (model) of equipment. 

(3) This uncertainty represents an expa e uncertal ty expressed as approximately the 95% confidence level using a coverage factor of k-2. 

Verified By: SC 't::I:fJ/ 
File: ) 

Remarks: 

Input By: ___ _ 
RY 7J Reviewed By: ___ _ Checked By: 

--------------------------------------- --------------------------
2000.2 (06/14/07) Fric1498.xls, 3-11-2009 3/27/2009 FUGRO CONSULTANTS INC 
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HGL Instrument Verification 
DATE: 3/11/2009 Instrument No.: ..cp..:..t _-,.---, 

Type Analysis: [K]BF; DNonBF; [K]FS; 
Location: 

DAbs. 

Instrument Identification/Data 
Type Cone Penetrometer 

Manufacturer Fugro 
Model Number F7.5CKEW2/B 
Serial Number 1701-1576-7056-1-133 (Piezo) 

HGL Instrument Number pt 
Excitation (V) 

Gain/Span Setting NA 
Full Range Output (V) 

Full Range/Capacity (psi) 360 
Date Verified 3/11/2009 

Date Due 3/11/2010 
Service Status In Service 

Accept. Abs. or FS Error (%) 0.25 I X IFS; I lAbs. 
Verification/Standard Equipment 

Type PT(ANSIINCSL APPROVED) 
Manufacturer Eaton 

Model Number UPS3000CC 
Serial Number A0813 

HGL Instrument Number .::J 
Date Verified 
Temperature °C= OF 

Linear Regression, Uncertainty, & Error Summary 
Correlation Coeff. {R2) 0.999999974 

Intercept (psi) 0.021738929 
Slope (psi/mv) 0.36225883 

Verification (Calib.) Factor 0.36225883 
Verification Factor Units psi/mv 

Absolute Zero (V) 
Floating Zero (V) 

Combined Uncertainty (psi) 0.005582219 
Coverage Factor 2 

Expanded Uncertainty (psi) 0.011164439 
Max. Abs. or FS Error (%) -0.01 I X IFS; I lAbs. 

350.0 

psi - 0.3 23mv+O. 217 
300.0 

200.0 

V 
/' 

V 
/' 

/' 

250.0 

150.0 

/ 
/' 

,,/ 

/V 

100.0 

50.0 

0.0 

100 200 300 400 500 600 700 800 900 

Instrument 
mv 

0.000000 
206.900000 
414.000000 
828.100000 

0.300 

0.200 

0.100 

0.000 

-0 .100 

-0.200 

-0.300 

0.0 50.0 

Uncertainity Budget Analysis For pt 

Houston LVDT?:DYes; [K]No 
Reading Resolution of Instrument: 0.000001 

Standard Prediction Abs. Error Full Scale 
psi psi psi Error (%) 
0.0 0.0 0.0 0.01 

75.0 75.0 0.0 -0.01 
150.0 150.0 0.0 0.00 
300.0 300.0 0.0 0.00 

MTSL Yes; ~No 

Upp r Limit 

Low r limit 
100.0 150.0 200.0 250.0 300.0 350.0 

Source of Uncertainty Value in psi Distribution Divisor Type Uncertainty (Uj) u;' Comments 
Standard's Uncertainty N 2.0000 B 

Abs. Error-STDEVI 0.0056 N 1.0000 A 0.0056 0.0000 
Resolution of Instrument 0.0000 R 3.4641 B 0.0000 0.0000 

Repeatabiliti N 1.0000 A 
Resolution of Standard #N/A R 3.4641 B 

Combined Uncertainty 0.0056 Coverage Factor 2 for 95% confidence level. 
Expanded Uncertainty (Best Measurement Capability)3 0.011 psi 

1 This e ation follows the a roach resented b A2LA not that ( ) QU pp ical used in uncertain typ Iy tv calculations' i.e. STDEV of the Mean. 2 Thi () s value IS unique for type (model) of equipment. 

(3) This uncertainty represents an expa ressed as approximately the 95% confidence level using a coverage factor of k=2. 

Verified By: -=S-=C_~,- Input By: ____ Reviewed By: ____ Checked By: RY 04 
File: (j 

Remarks: --------~-----------------------------------------------------------------------------~1---------

2000.2 (06/14/07) Pore1498.xls, 3-11-2009 3/27/2009 FUGRO CONSULTANTS INC 
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