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Completion of Hanford Tanks Initiative
Characterization Milestone T04-98-523
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Abstract: The HTI subsurface characterization task will use the Hanford
Cone Penetrometer platform (CPP) to deplOY soi1 sensor and sampling
probes into the vadose zone/soils around AX-104 during FY-99. This
document provides copjes of the first data collected from the HTI sensor
probes during vendor field developmental tests performed at a CO1d test
site in the Hanford 200 East area. Conduct of the initial test also
established completion of a major contractor milestone of the HTI
Characterization task (MS T04-98-523: Complete preparation of the HTICP
probes and transfer to Hanford/HTI. Conduct an initial MSP push using
the CPP).
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@MH!liilkl”c.
Eng!neer!ng and Applfed Science

) September 28, 1998

Deborah Iwatate
Numatech Hanford

Richland, WA 99352-1300

Dear Deborah:

Subject: Contract No. MJG-SLB-A52807

Enclosed is a drall report documenting the data that we took during the
penetration of the MSP to a depth of 25.5 feet on September 24ti, 1998. This report
contains printouts of the cone penetrometer profiles, the gamma and XRF spectrums as
well as all the calibration and verification documents. Also included in the report is the

test plan that was used to guide the penetration. Detailed analysis of the data has not been
preformed at this time, but is currently on going. Please do not hesitate to contact me if
you have any questions.

Sincerely,

Wesley L. Bratton, Ph.D, P.E
Senior Engineer

Enclosure (1)

3250 PORT OF BENTON BLVD ■ RICHLAND, WA 99352

(509) 371-9600 ■ FAX (509) 371-9037
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HANFORD TANK INITIATIVE
CHARACTERIZATION TASK:

Subsurface Characterization Demonstration
Using Cone Penetrometer

Completion of HTI Characterization DOE Milestone T04-98-523

Applied Research Associates, Inc.

Contract Number MJG-SLB-A52807

Work Element #3
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HTI CONE PENETROMETER PROBE ENGINEERING

1.0 INTRODUCTION

1.1 Purpose )

On September 24, 1998, the initial penetration of the Hanford Multi-

sensor Probe#l wasconducted atthe ILAWarea of200East onthe Hanford
Facility. Thepenetiation wmconducted to bothperfom development testingas

well assatisfi the9/25/98 DOE milestone. Thepenetration wasconducted toa

tip depth of 25.5 feet below grade. ‘Ilk report documents the data obtained

during thkpenetration.

12 Report Outline

The report is broken down into a series of appendixes containing the

various datacollected during the penetration. Abriefdiscussion of the testing

sequence as well and the lessons learned is presented in Section 2 of the report.

Thk section is followed by a series of appendices that contain the measured data.

Appendix A: contains profile plots of all the CPT data as a function of depth.

These also include gross gamma information as well as profile plots of the
regions of interest for both the gamma and XFW spectrums

Appendix B: contains printouts of the gamma spectrums at each of the

measurement depths. These wetheaccumulated, temperature corrected
spectrums. Theindividual rawspec~s (each only 30seconds long) me not

print here, but have been saved and exist electronically for future reference.

There are over 200 of these tiles.

Appendix C contains the X-ray Fluorescence spectrums that were recorded

during thepenetration. Eachspectrum wascollected for300seconds of real
time.

Appendix D contains the calibration plots for each sensor as well as the
verii’ication sheets toconfirm the calibrations. Theveritications were conducted

on9/23. The baseline values forthe CPTsensors were noted bothafier

verification of 9/23, prior to the penetration of 9/24 and then again after the

penetration. This information is presented in table 1 of Appendix D.

Appendix Econtainsthe testplanused toguide thetesting. Thepenetration

HNF-3550,Rev. O
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depth was increased from 20 feet to 26 feet to permit the XRF sensor to reach a

depth of 20 ft. Spectmrrr measurements were made every 1.5 feet to reduce the
overall test time.

2.0 TEST SUMMARY

The testing yms initiated on the afternoon of September 23, 1998 with

verification of all the CPT sensors. All the sensors were verified, indicating the

current calibrations were still correct. The gamma sensor was com%rned

operational, cooled to approximately 24 C and energy calibration performed.

Next, the X-ray sensor was checked. The check of the X-ray sensor indicated

that the sensor was not responding. Addhional testing the following morning

indicated that the sensing element for the X-ray sensor had stopped timctioning.

The sensor element was replaced and the sensor returned to operating. The probe

was again cooled and Gamma respdnse set using and energy calibration. The X-

ray system was also energy calibrated. The basely responses for the Cone

sensors were noted to confirm they were still operational.

A penetration was started and once the second rod was added, the gamma

and X-ray sensor stopped responding. This was identified as a connector
problem on the umbilical and was rectified. The penetration was then restarted.

The initial penetration started out several degrees off vertical and was stopped at
2 feet. An additional guide tube sec~on was added to reduce the unsupported the

length under the Platform. The push point was also moved back about three

inches to align over the started hole. The penetration was then resumed.

The penetration continued under normal conditions to a depth of

approximately 12 feet and then the’X-ray sensor stopped operating. The probe
was pushed an additional 1.5 feet and another spectrum collected. Again, the X-

ray was not responding. A power reset was performed on the X-ray sensor and it

began responding. We are unsure why this occurred, other than the sensor
reached an overload condition of some type. This occurred twice more during

the penetration but was corrected with a power reset each time. Analysis of the
data indicates that the reset does not effect the calibration of the sensor.

Concluding the penetration, the baseline responses for the CPT sensors
were again noted and they were confirmed to be operating normally.

HNF-3550,Rev. O
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Appendix A
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Applied Research Associates

Ah South Roya/ton, VT05068
802-763-8348

~~ Emaj/: cpt@ned.ara.com
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/41./~$

‘M5~bhc *4
x Axis
ExteriorSensor Interior
Angle output Angle
Degree volts Degree

89.9 0.1965 -0.1
84 -0.917 -6

80.6 -1.574 -9.4
74.7 -2.749 -15.3
89.9 0.2029 0.1
85.5 1.07 4.5
80.5 2.018 9.5
74.7 3.153 15.3

90 0.2047 0

X axis
y = 0.1918x+ 0.2082

R2 = 0.9999
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calibration in Hanford 9/10/98
IW5P $%k W-j_ —

Y axis
Exterior Sensor Interior
Angle output Angle
Degree volts Degree

89.8 -0.4518 -0.2
84.6 -1.422 -5.4
79.1 -2.466 -10.9
74.7 -3.324 -15.3

90 -0.4431 0
84.8 0.5511 5.2
80.7 1.332 9.3
75.6 2.306 14.4
89.3 -0.5974 -0.7
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Salt Soil
Added Moisture

(9)

o
0.32
0.34
0.34
0.36
0.36
0.59
0.51
0.56
0.57

0.6
3.81
3.84
3.87
7.97
8.02
8.15
40.9

39.19

0.581
10.566
100077

Air

13390
13390
13390
13420
13420
13420
13410
13420
13420
13420
13420
13410
13410
13420
13410
13360
13360
13420
13420
13390

Resistivity

H20 Air

15980 0.08653
15990 0.08924
16010 0.08983
16010 0.08723
16000 0.08759
16000 0.06539
15990 0.08583
15990 0.0872
16010 0.0861
16010 0.08677
16010 0.08707
16010 0.08773
16000 0.088
16000 0.06842
15980 0.08834
15980 0.08823
15950 0.08841
15910 0.08986
15910 0.09031

0.06777

H20

0.05186
0.1603
0.2974
0.416
0.5295
0.6277
0.7679
0.878
0.9747
1.064
1.142
1.481
1.667

1.79
1.935
2.013
2.072
2.208
2.212

2.26 212.3694 1.04091
2.3 173.913 1.041155

0.047 104383 1.041399
0.078 62102.56

Conductivity Temperature

(uS/cm)

1.1
3.6 0.9209
7.1 0.9218

10.6 0.9214
14.3 0.9216
17.9 0.9213

24 0.9219
29.3 0.9224

35 0.9222
40.6 0.9223
46.9 0.9241
85.6 0.9254

124.1 0.9267
162.8 0.9276

243 0.9272
321 0.9263
400 0.9269
786 0.9271

1151 0.9287

Adjusted Measured ~
Resistivity Resistivity

(v) (ohm-m)

0.054 90602.39412 9090.909
0.167 27956.57866 2777.778
0.310 14147.81493 1408.451
0.433 9544.134998 943.3962
0.551 7069.613143 699.3007
0.654 5650.725~22 558.6592
0.800 4253.887432 416.6667
0,914 3469.658496 341.2969
1.015 2927.013603 285.7143
1.108 2513.49639 245.098
1.189 2205.219054 213.2196
1.542 1242.646968 116.8224
1.736 880.8399275 80.58018
1.864 682.6827705 61.42506
2.015 481.8398755 41.15226
2.098 365.6732038 31.15265
2.157 317.7413896 25
2.299 174.9819561 12.69036
2.303 171.0488965 8.668097

0.100339
0.099353
0,099553
0.098846
0.098916
0.098865

0.09795
0.098366
0.097613
0.097513
0.096689
0.094011
0.091481

0.08995
0.085407
0.080775

0.07868
0.072524
0.050793
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HANFORD TANK INITIATIVE
CONE PENETROMETER

VADOSE ZONE
CHARA~TERIZATION PROJECT

ARA Hanford CPT Development Test Plan

For

Multi-Sensor Probe, Tip and Soil Moisture Modules

“Contract Number MJG-SLB-A52807

Work Element #3

Hanforddev..doc

Revision 0.0
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HTI CONE PENETROMETER PROBE ENGINEERING

1.0 INTRODUCTION

1.1 Purpose )

This procedure shall be used for the final development testing of the Multi-Sensor
Probe (MSP) and its associated Data Acquisition system (MSP-DAS) for the final
phase obtesting to beperformed atthe Hanford Site. This MSPprobe includesa
variety ofsensors including I)atipmodule containing tipstress, sleeve Streisand
inclination sensor as well as a magnetometer for detection of ferrous objects, 2) a
soil moisture and resistivity module, 3) a gamma spectroscopy (GS) module for
radiation characterization, and 4) an X-Ray Fluorescence (XRF) module for
detection of metal contaminants. The goal of this testis to show integration of the
probe, the CPP-DAS, the MSP-DAS and CP platform systems.

The test procedures will demonstrate the overall system function as well as system
integration, inchrding software integration with the Cone Penetrometer Platform
(CPP)dataacquisition system (CPP-DAS), Thisdocument details theprocedures
used to conduct these test and confirm that the specifications detailed in HNF-SD-
HTI-SDS-001. Rev. 2 entitled “Specification for Soil Multisensoryand Soil Sampling
Cone Penetrometer Probes” are satisfied.

1.2 Scope

Completion of the testing specified in this document will verify that the mechanical,
electrical and software components of the MSP and MS P-DAS are operating as
designed. Thescope of thetest plan isas follows:

● Basic equipment functions andmechanical interfaces will reverified.
● Perfomance ofelectrical components andsensor responses will reverified.
. Thesotiare andsotiare intetiaces beWeenthe MSP-DAS and CPP-DAS will

be demonstrated.

2.0 APPLICABLELR31QULREDDOCUMENTS

. ARAMSP-DAS hardware wiring P1an

. ARA modification logon the MSP probe

. ARA Design Documentation on the Soil Moisture Probe

. ARA MSP-DAS software design plan
● Specification HNF-SD-HTI-SDS-OO1. Rev. 2
● Statement of work

Hanforddev..doc HNF-3550,Rev. O
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MJG-SLB-A52807

3.0 TEST CONTROLS

3.1 Responsibilities

3.1.1 Project Engineer

Deborah Iwjatate

William Callaway

Gary Troyer

DR.AFT09125198
Page 3 of I O

.

.

.

●

●

✎

●

Make redline changes to working TP as required.

Overall responsibilities for maintaining and controlling testing,

Provide liaison with facility used for testing.

Provide liaison with Quality Assurance (QA) for testing activities as
required.

Overall testing responsibilities and assignment responsibilities,

Monitor testing for compliance with the test procedures and co-sign the

appropriate steps. (Note: Uncertain steps, theproject engineer may run
these steps to gain a better understanding of the equipment.)

Can authorize the test performer to perform Project Engineer
responsibilities on a limited basis.

3.1.2 Applied Research Associates, Inc. (AW)Test Perfom,trs (crassociated
subcontractors)

Wesley Bratton

Willie Dickerson

Bob Jones

.

.

.

.

Perform test in accordance with approved test procedure.

Maintain a file of documented information pertinent to the tests.

Assure safe conduct of testing.

Prepare test report.

3.2 Test Data

3.2.1 All test data, pefiinent observations, and off-normal events shall be recorded
on the test procedure, Section 6.0 of this TP. If additional space is required,
the data shall be recorded on an observatiotiresults data sheet (provided in
Appendix A) or equivalent.
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3.3

3.4

3.5

3.6

3.2.2 Data recorded on the observationhesults data sheets shall be documented in
the test report (TR).

3.2.3 Thedata recorded during thetest shall bereleased inthe TRas rawer
reduced data.

3.2.4 Calibration datashall bereleasedinthe TR.
)

Test Configuration

3.3.1 Thedrawings andengineering documents that establisll the process
equipment test configuration are listed in Section 2.0.

3.3.2 Additional documents required toperfom, document, orvalidate atest
(sketches, calibration sheets, etc.) will be referenced in the TR.

Procedure Control

3.4.1 Acontrolled testprocedure package shall beusedfortesting andshall
include the following

● Asingle copyofthis test procedure.

. Other infomation directly applicable totestingtbat is required.

Retest and Redline Procedure Control

3.5.1 Ifretest isrequired, additional copies ofapplicable p~oceduresections or
observationhesults data sheets of this test procedure maybe used or new
procedures may be used.

3.5.2 Changes tothetest procedure are permitted. Tbeproject engineer shall red
inkcbanges with theconcurrence of thetestperforrner. Approvals will be
documented by the Hanford project engineer’s and test performer’s initials
on the redlined item and noted in the exceptions sheet located in Appendix
B, giving the reasons for the change.

Open Items

3.6.1Items andactions identified during theconduct oftestingthat require futire
resolution/completion shaIlbe noted on comment sheets. Identified open
items shall subsequently be addressed in the Test Report (TR).

4.0 TEST FACILITY

The final development testing will be conducted at the Hanford Facility in Richland using
the CPP system. This testing \villdocument proper operation in Hanford soils asrequiredby
the specification.

Hanforddev..doc HNF-3550,Rev. O
Page77 of 83



MJG-SLB-A52807 DRAFT 091?5198 Page5 of 10

5.0 SAFETY

● Only theproject engineers andtest perfomer personnel shall operate tl1econe
penetrometer during performance of this TP.

. Testpersonnel shall be b~iefed prior totestperformance onthehazards unique tothe
cone penetrometer equipment.

● Applied Research Associates, Inc. (AW)isresponsible forsafe~ during the
developmental testing, and identifying the appropriate personnel protective equipment
required for testing.

Concurrence:
ARA Representative Date
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6.0 TEST PROCEDURES

6.1 Prerequisites

The goal of this final development test program is to confirm total system integration of the
platform and it CPP-DAS with the MSP-DAS system and the associated hardware and
probes. As part of this testin!g,each sensor will undergo a validation test to confirm operation
andca[ibration of thesensor prior totheactual push deployment. After thevalidations, the
probe wilIbepushed adepthin the Hanford soiIsusing thesame procedures thatwillbe
utilized during the Hot Deployment.

Space isprovided ineachtest parameter section torecord test obsewations, This
information may be augmented with additional sheets, copies of pages of laboratory
notebooks, printouts ofrepresentative spectra, etc. This format isnotintended to replace
requirements for preparation of a qualification test plan and a qualification test summary
report.

Successful completion of a given test is documented by the project engineer’s signature on
the observation/results data sheet.

6.2 Test Sequencing

This testing will conclude the development testing of the MSP probe and the associated
hardware andsoftware. The final testing program consists oftwo steps. The first step isthe
validation of each sensor using the validation section of the CPP-DAS software or the
QA/QCsection of the MSP-DASsofhvare. Uponsuccessful completion ofthistestingthe
probe will be pushed in the Hanford soils using the CPP platform to a depth of 20 feet.
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6.3 Performance Verification Tests

6.3.1 Probe Inspection

PURPOSE: Verify that all required HT[-CPP probes have been transported to the Hanford Site.

)

TEST: Visual Inspection of the following four probe units.

l) MSP probe with umbilical cable and Data Acquisition System
2) Soil Sampling probe with both sample chambers and a magnetometer

and inclinometer insert unit.
3) Stand-along grouting module
4) Grouting module for the 55P unit

EXPECTED: Evidence that all probes are present on site.

TEST RESULT (S):

Unit Date Inspected Initials

1) MSP probe and equipment L&& ~!48

2) 55P unit and equipment D %Q. 9L5i9a
3) Stand Alor$grouting Osc _9/25/q8

4) SSP Grouting o 5C. ‘?~%

PERFORMED BY I WITNESSED BY

Date

W-G &-l&
Initials / Org
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6.3.2 MSP Equipment Integration

PURPOSE: Confirm integration of MSP probe with CPP platform and DAS.

EQUIPMENT CONDITION: The probe and associated electronics and software should be
installed andjfully integrated with the CPP platform.

TEST: Confirm that Test name, test depth from CPP-DAS and CPP-DAS time are
being transferred to the MSP DAS system.

Visually observe that the MSP probe is on the rig and is pushed by the CPP.

TEST RESULT (S):

The test name, depth and time are observed on the MSP-DAS computer

~la~ (initals).

Observed that the MSP probe and umbilical was pushed using the CPP system

tis ~ (initials)

PERFORMED BY/ WITNESSED BY

Ocl/?Slrl$
Date ‘

A41i&!L
Initials / Org
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6.3.3 Sensor Validation

PURPOSE: Confirm operation and validi~ of calibration of all sensors in the MSP
probe. ~

EQUIPMENT CONDITION: The probe and associated electronics and software should be

TEST

EXPECTED:

fully integratedw~h theCPPplatform.

Use the verification section of the software to check and validate the
following sensors in the Tip Module and the SMR module: Tip stress, sleeve
stress, inclination, magnetometer, resistivity and soil moisture. Print
hardcopies of the validation screens.

Attach the QC samples for the XRF and gamma sensors on the appropriate
section of the probe and using the MSP-DAS software make the QAIQC
measurements.

For the tip module and SMR units, each sensor should validate. For the
XRF and gamma modules, the spectra files should indicate peaks at the
appropriate energy levels.

TEST RESULT (S):

Notes pages in the CPP logbook with validation printouts

Sensor Pages in book
TIP stress
Sleeve Stress
Inclinometer
Magnetometer
Resistivity
Soil Moisture
Gamma
XRF

Initials
L.x-i3

w
WW
WLA
WL*
Wus
W*
WW

PERFORMED BY I WITNESSED BY

03123/?%
Date

kda /
Initials / Org““-
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6.3.4 Penetration Test

PURPOSE Demonstrate successful integration of systems and operation in Hanford
soils.

EQUIPMENT CONDITION~S: The probe and associated electronics and software should be
fully integrated with the CPP platform. The umbilical must be strung
through at least 10 rods. The remaining cable should be stretched out and
not coiled.

TEST Conduct a penetration to a tip depth of twenty-six feet below the ground
surface or push force values of 30tons. Penetration should be conducted
using standard operating procedures. Prepare plots of CPT and spectra data,

EXPECTED: Data from all sensors showing soil conditions at the location as well as no
contamination present.

TEST RESULT (S):
Test location: ILAw - LOcd.k ~z
Test Filename and IDs: %Z4S=I $104c, ti / z?Asqg04G - MK + @.z+s5@4% -m+

Penetration Depth: 25. SQ

PERFORMED BY I WITNESSED BY

oqlL5/4%
Date

Uti ALA &j@-!Tt+
Initials’/ Org
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Distribution Numatec Hanford Co., Project Data 10/23/98
Definition

ProjectTitle/WorkOrder EDT No. 625688

Completion of the HTI Characterization Milestone
T04-98-523, HNF-3550, Rev. O

ECN No. N/A

Text

Name MSIN With All
Attach.

Text Only Attach.1
Appendix

Only

GL Troyer T6-50 x

WS Cal1away S3-90 x

DF Iwatate (2) R2-89 x

R Root R2-53 X (cvr)

AF Noonan R2-89 x

JM Zimmer (2) 81-42 x

GS Leshikar S0-08 X (cvr)
-------------------------------------------------------------------------

Central Files (1) ly-o~ x

EDT/ECN
Only

HTI Project Files (1) R1-29 x

DOE/RL reading room HZ-53 x
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