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EXECUTIVE SUMMARY

Testing of the cone penetrometer load cell (Icone) was performed at the Pacific Northwest
National Laboratory 318 Building. Testing was designed to determine how the elevated
temperatures and dose rates in Tanks 241-AN-101 and 241-AN-106 sludge waste could affect
the Icone measurements of tip resistance and inclination.

The Icone was placed in an environmental chamber and the temperature was raised from ambient
conditions to an approximately bounding sludge waste temperature of 145 °F. As anticipated, the
tip resistance measurement shifted as the Icone equilibrated with the increasing temperature.
After 2-2.5 hours of equilibration time, the tip resistance measurement reached a steady value
and fluctuation was minimal. Similarly, the tip resistance shifted back to the original
measurement values when the temperature was decreased back to ambient conditions. A change
in tip resistance measurement was expected with changing temperature and sensor failure was
not observed after eight hours at an elevated temperature. Inclination measurements appear to be
less affected by temperature changes and fluctuation of the measurements may also be partly
attributed to air flow in the environmental chamber as the temperature was adjusted.

The Icone was then placed in the High Exposure Facility and exposed to a Cobalt-60 source at
250 R/hr for twenty-four hours. A dose rate of 250 R/hr was determined to roughly approximate
in situ dose rates for Tanks 241-AN-101 and 241-AN-106. Throughout testing, no effect was
observed for tip resistance or inclination measurements. Signal drift was not observed for either
measurement, indicating failure of the sensors was not observed.

Distance from the Cobalt-60 source was then decreased to reach a dose rate of 34,998 R/hr.
Testing at the high exposure rate for one hour did not appear to affect tip resistance, but did
appear to produce failure of the inclination sensor. Tip resistance, which is the primary data of
interest as the input to determine in situ waste shear strength, maintained steady variability with
or without the source present, indicating no significant effect. The inclination data began
increasing slowly after twenty-five minutes of exposure and reached a 90 degree value after
fifty-two minutes, indicating sensor failure. Further testing appeared to confirm the inclination
sensor in the Icone had failed. The high dose rate used in testing is orders of magnitude greater
than the anticipated dose rate in the tank sludge, but provided a bounding test case and allowed
for observation of how sensor failure is indicated.
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1.0 INTRODUCTION

1.1  Background

In response to research by Delft Hydraulics examining the effect of gas production on the storage
capacity of artificial sludge depots (van Kessel and van Kesteren, 2002), a new mechanism was
proposed for a spontaneous deep sludge gas release event (DSGRE) that is not currently
described in RPP-13033, Tank Farms Documented Safety Analysis (DSA). This resulted in an
Unreviewed Safety Question (USQ). Justification for Continued Operation (JCO) TF-13-01 was
approved to allow sludge levels in tanks 241-AN-101 and 241-AN-106 up to 192 inches and 195
inches, respectively, but in order to complete waste retrievals from the 241-C farm tanks,
accumulation of additional sludge depth is needed.

In order to address concerns over the potential for a DSGRE and to support the technical
justification for continued retrieval of operations into tanks AN-101 and AN-106, in situ sludge
waste shear strength data are needed. Implementation of a new buoyant displacement gas release
event (BDGRE) safety basis requires showing that Hanford Site sludge waste maintains low gas
fractions as settled solids depth is increased, which is also directly related to the shear strength of
the waste. Therefore, further safety basis development involves determining the in situ shear
strength of the sludge in tanks AN-101 and AN-106. This will be accomplished by taking
resistance measurements using a HYSON®' 200kN full-flow ball penetrometer, which relates
the in situ resistance measurements to shear strength values

1.2 Purpose

The HYSON 200kN full-flow penetrometer system operates by pushing an instrumented ball tip
down into the tank sludge at a controlled rate. Resistance on the tip is measured using a load cell
and equated to shear strength using empirical relationships. One meter long extending rods are
attached one at a time to feed through a hydraulic ram in order to allow the ball to penetrate to
the desired depth.

The data collection system consists of a digital ‘cone’, called the ICone®”, and a digital data
acquisition box called IControl®®. The ICone contains the load cell device and has a built-in
AD-conversion with a micro-controller, which provides a digital pathway to the IControl. The
[Control is connected to a computer on which the data is to be recorded using a USB connection.
IControl combines the depth information with the obtained cone penetrometer resistance data
and provides power to the ICone. A proprietary software called Gonsite!®" is installed on a
computer to record the data and present the results on the screen in real-time. There is also a
depth encoder that measures how far the unit has moved in the tank. The depth encoder connects
back to the IControl through the control panel.

' HYSON is a trademark of A.P. van den Berg, Heerenveen, Netherlands.

2 ICone is a trademark of A.P. van den Berg, Heerenveen, Netherlands.

* IControl is a trademark of A.P. van den Berg, Heerenveen, Netherlands.

* GOonsite! is a trademark of A.P. van den Berg, Heerenveen, Netherlands.
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This system has never been used in a highly radioactive, high temperature environment. Concern
that the electronic components of the Icone may not survive the high radiation fields encountered
in sludge waste or that temperature significantly above ambient conditions could affect resistance
measurements, prompted testing at the Pacific Northwest National Laboratory (PNNL) 318
Building. The 318 Building contains environmental chambers where the temperature and
humidity conditions can be closely controlled as well as a High Exposure Facility (HEF) where
radioactive sources provide the ability to safely test the Icone response to high radiation
conditions.

The purpose of testing was twofold: to observe the impact to Icone resistance and inclination
measurements from temperatures near that of AN-101 and AN-106 sludge; and to observe the
impact to Icone resistance and inclination measurements from radiation exposure near that of
AN-101 and AN-106 sludge.

20 TEST DESIGN

PNNL provided a test report, shown in Appendix A, documenting the test setup and calibrations
for all equipment used in testing. Primary Icone output parameters of concern in this testing were
the force measurement and the inclination measurement. The Icone load cell provides a force
measurement in kilo-Newtons (kN), which is the primary data input used to determine shear
strength. The Icone also measures inclination in degrees (°), which indicates the angle of the load
cell to verify verticality. Inclination is not a data input to determine shear strength, but provides a
useful tool to ensure the Icone is traveling straight through the material being measured (tank
sludge layer) for deployment operations. According to the cone penetrometer vendor, A.P. van
den Berg, failure of either sensor should result in a drift from stable readings.

The GOnsite! data logging program continuously displays force and inclination measurements
on a computer screen, but only records the data over specified depth intervals. A device called a
Pulse Encoder Simulator can be used to mimic depth traveled in order to collect data in a
laboratory environment. However, due to the time sensitive nature of the project, test results
were needed before the device could be procured through A.P van den Berg. As an alternative,
data was manually recorded for each test run. The temperature testing data sheets are provided in
Appendix B and radiation exposure testing data sheets are provided in Appendix C.

Starting a test run in GOnsite! involves zeroing the measurement values, giving users the ability
to eliminate any pre-test offset. At the end of the test run, the device is zeroed again to assist in
identifying potential damage during deployment. In order to read a non-zero force measurement
for these testing activities, each test run began by manually raising the Icone off the surface,
zeroing the values to start the test in GOnsitel, then lowering the Icone back onto the surface
such that the weight of the Icone itself would result in a positive force reading displayed. The
actual values recorded in the test runs are of little importance; only the trend in measurements
over the course of the test runs versus the initial measured value is significant. As such, the
process of zeroing the Icone measurements prior to starting the test was resulted in starting
measurements that were not identical for each run. This accounts for variability in measurements
between test runs, but is of no significance to the testing strategy.
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Each test run was performed using the same Icone device, serial number 090420T. The
calibration certificate for the Icone is shown in Appendix D. The cone penetrometer software is
documented in RPP-PLAN-55276, Cone Penetrometer System Software Management Plan.

2.1  Temperature Test
2.1.1 Hypothesis

Temperature is expected to have an effect on resistance measurements, but not on inclination
measurements. According to A.P. van den Berg, the load cell contained in the Icone is affected
by temperature changes of more than + 9 °F. As such, when operating the penetrometer in high
temperature environments, it is important to allow the Icone to equilibrate to the in situ
temperature before recording data. The expectation is that the force readings change as the Icone
changes in temperature, but will remain constant once the Icone reaches a uniform temperature.
The time to reach uniform temperature is predicted to be one hour. Inclination measurements are
not predicted to show an effect from temperature changes.

2.1.2 Methodology and Setup

Temperature testing took place July 23, 2013 at the PNNL 318 Building, Room 127. The Icone
was loaded into an environmental chamber, shown in Figure 1, and supported in the vertical
position by a ring stand. A conical tip was used in place of the ball attachment for this test
because of vertical space constraints. The conical tip is more sensitive to fluctuations in force
measurements, but is expected to have minimal impact on the test.

Figure 1. Icone Loaded in the Environmental Chamber
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Chamber temperature was monitored using a Vaisala®’ temperature/relative humidity probe, a
Fluke®® 80T-150 temperature probe, and the environmental chamber sensor. See Appendix A
for specific information on the devices, including calibration verification.

A maximum testing temperature of 145 °F was selected based on the current conditions of tanks
AN-101 and AN-106. Since May 4, 2013, the maximum sludge temperature recorded in AN-101
is 95 °F. Over the same period, the maximum sludge temperature recorded in AN-106 was 138
°F (PCSACS). A temperature of 145 °F was determined to represent a realistic maximum
temperature encountered in tank deployment.

Duration for the high temperature exposure test was selected at eight hours, in order to equate to
the approximately one work shift. This is expected to be a conservative estimate of the time the
Icone could be exposed to elevated temperatures. After setup activities are completed, actual
deployment operation of the penetrometer into AN-101 and AN-106 sludge is expected to take
less than one shift. Additionally, based on the temperature profile for AN-106, the higher
temperature tank, there is limited depth for which the temperature is near 145 °F (PCSACS). The
sludge waste temperature near the top surface is around 100 °F and increases gradually over the
remaining depth by about 0.5 °F per inch depth. Deployment of the penetrometer through the
limited depth at elevated temperatures would be expected to take significantly less than eight
hours.

Three separate tests were performed to evaluate the Icone response to temperature changes:

1. Three control runs at ambient conditions
2. Eight hour test beginning at ambient and increasing to about 145 °F
3. Three post-exposure control runs at ambient conditions

2.1.2.1. Pre-Exposure Control Test

The pre-exposure control test consisted of three test runs. These test runs were performed in the
environmental chamber at ambient conditions (74 °F). The door to the chamber was left open, as
in Figure 1. Each test run was a total of ten minutes in length and measurements of tip resistance
and inclination were recorded in one minute intervals. As described previously, the Icone was
lifted off the surface prior to starting the test and zeroing the parameters in the GOnsite!
program. The Icone tip was then lowered back onto the surface and was secured upright with a
ring stand. Once in place, the time was started and the first measurement was recorded.

Pre-exposure control testing provided a baseline for natural variation in the measured values. The
Icone load cell is very sensitive to fluctuations in force, particularly given the limited force
applied by the self-weight of the device.

> Vaisala is a trademark of the Vaisala OY Corporation, Finland.
® Fluke is a trademark of the Fluke Corporation, Everett, WA.
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2.1.2.2. High Temperature Test

After completing the three control runs described in Section 2.1.2.1, the high temperature test
was performed. The test consisted of a single eight hour test run with measurements taken every
fifteen minutes. The Icone was lifted off the surface prior to starting the test and zeroing the
parameters in the GOnsite! program. The Icone tip was then lowered back onto the surface and
was secured upright with a ring stand. Once in place, the chamber door was closed and the
temperature was set at 145 °F. The first measurement was taken immediately after the set point
was changed on the chamber, but before the temperature began to increase. The Icone was then
given one hour to equilibrate to the raised temperature conditions. After one hour of equilibration
time, the test time was started and measurements were recorded every fifteen minutes.

The initial relative humidity was set at near-zero. To determine the effect of humidity changes, at
the six hour mark (6:00) the relative humidity was set to 50%. After one hour of observation, the
humidity set point was changed back to 1%.

In order to further observe the effect of temperature changes on the Icone, the temperature was
gradually decreased at the end of the test run. The set point was changed to 110 °F at the 7:30
mark, then 72 °F at 7:45, and at 8:00 the system was shut down and the door was opened.
Measurements were taken every ten minutes, up until the 8:50 mark.

2.1.2.3. Post-Exposure Control Test

The post-exposure control test consisted of three test runs. These test runs were performed in the
environmental chamber at ambient conditions. The door to the chamber was left open, as in
Figure 1. Each test run was a total of ten minutes in length and measurements of tip resistance
and inclination were recorded in one minute intervals. As described previously, the Icone was
lifted off the surface prior to starting the test and zeroing the parameters in the GOnsite!
program. The Icone tip was then lowered back onto the surface and was secured upright with a
ring stand. Once in place, the time was started and the first measurement was recorded.

Similar to pre-exposure testing, post-exposure control testing provided a baseline for natural
variation in the measured values. The testing also provided a check to ensure the Icone was not
damaged by the high temperature.

2.2  Radiation Exposure Test
2.2.1 Hypothesis

Based on previous experience with electronic equipment operation in radioactive environments,
radiation at 250 R/hr is not expected to have an effect on resistance measurements or inclination
measurements. However, no data exists to indicate the effect of radiation on the specific
components of the Icone.
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2.2.2 Methodology and Setup

Radiation testing took place July 25-26, 2013 at the PNNL 318 Building, Room 8, in the High
Exposure Facility (HEF). The Icone was set up on the exposure table in the HEF, as shown in
Figure 2, and supported in the vertical position by a ring stand. To provide additional height
ensuring the source was level with the load cell, the ball end attachment was used in place of the
cone tip used in temperature testing. A one meter extending rod was also included for the 24
hour exposure test to raise the data cable above the source as much as possible. Environmental
conditions were not controlled, but were monitored with a Fisher Scientific weather station
(Appendix A). A Cobalt-60 source was used to provide radiation dose. Calibration of the source
is shown in Appendix A.

Figure 2. Icone Setup in the HEF

An exposure rate of 250 R/hr was selected based on the current estimated Cesium-137 inventory
for sludge waste in tanks AN-101 and AN-106 (TWINS). An informal MicroShield test run was
performed using the estimated Cesium-137 inventory in AN-106 sludge waste to determine an
estimated dose rate. The MicroShield®’ program is not designed to run dose rate calculations for
objects submerged within the dose emitter, thus the calculated dose is only a rough estimate and

" MicroShield is a trademark of Grove Software, Inc., Lynchburg, VA.
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expected to be bounding. The MicroShield test run output, shown in Appendix E, determined an
exposure dose rate of 127 R/hr. That calculated dose rate refers to the dose at the surface of the
waste and was doubled to roughly estimate the dose rate for submerging the Icone in the waste
(250 R/hr). A secondary check on the dose rate was determined using an approximation for
absorbed dose rate at a point within an infinite medium. This informal calculation determined an
approximate dose rate of 211 R/hr.

Duration for the radiation exposure test was selected at twenty-four hours, in order to equate to
one full day and provide an upper bound of the expected time in the tank. After setup activities
are completed, actual deployment operation of the penetrometer into AN-101 and AN-106
sludge is expected to take less than one shift. However, if technical issues were to arise during
deployment, it was estimated that the Icone could be left in the sludge for up to a day. Similar to
the tank waste temperatures, the dose rates in the sludge will change based on the elevation. A
dose rate of 250 R/hr would not be expected to be uniform throughout the sludge layer.
Deployment of the penetrometer through the sludge is expected to take significantly less than
twenty-four hours.

Four separate tests were performed to evaluate the Icone response to dose rate:

Three control runs with no source present

Twenty-four hour test at an exposure rate of 250 R/hr using a Cobalt-60 source
Three post-exposure control runs with no source present

One hour test at an exposure rate of 34,998 R/hr using a Cobalt-60 source

b s

2.2.2.1. Pre-Exposure Control Test

The pre-exposure control test consisted of three test runs. These test runs were performed in the
HEF with no source present. The Icone assembly was supported by a ring stand, as shown in
Figure 1. Each test run was a total of ten minutes in length and measurements of tip resistance
and inclination were recorded in one minute intervals. As described previously, the Icone was
lifted off the surface prior to starting the test and zeroing the parameters in the GOnsite!
program. The Icone was then lowered back onto the surface and was secured upright with the
ring stand. Once in place, the time was started and the first measurement was recorded.

Pre-exposure control testing provided a baseline for natural variation in the measured values. The
Icone load cell is sensitive to fluctuations in force, particularly given the limited force applied by
the self-weight of the device.

2.2.2.2. Twenty-four Hour Radiation Exposure Test

After completing the three control runs described in Section 2.2.2.1, the long term exposure test
was performed. The test consisted of a single twenty-four hour test run with measurements taken
every thirty minutes. The Icone was lifted off the surface prior to starting the test and zeroing the
parameters in the GOnsite! program. The Icone was then lowered back onto the surface and was
secured upright with a ring stand. Once in place, the Cobalt-60 source was raised and the test
was initiated. In order to achieve 250 R/hr dose rate, the Icone was placed about five meters from
the source. Calibration information for the Cobalt-60 source is available in Appendix A.
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In order to ensure uniform dose for the Icone, the source was removed and the Icone was rotated
180° at the twelve hour (12:00) mark. The test in GOnsite! was run continuously, without re-
zeroing the measurement values.

2.2.2.3. Post-Exposure Control Test

The post-exposure control test consisted of three test runs. These test runs were performed in the
HEF with no source present. The Icone assembly was supported at an angle by a ring stand to
prepare for high exposure testing, as shown in Figure 3. Each test run was a total of ten minutes
in length and measurements of tip resistance and inclination were recorded in one minute
intervals. As described previously, the Icone was lifted off the surface prior to starting the test
and zeroing the parameters in the GOnsite! program. The Icone was then lowered back onto the
surface and was secured upright with the ring stand. Once in place, the time was started and the
first measurement was recorded.

These control tests served two purposes. First, the test runs provided a baseline for natural
variation in the measured values to ensure the Icone was not damaged by the radiation test.
Second, the testing provided a baseline for natural variation in measured values for the Icone
placed at an angle without the extending rod attached. The Icone had to be positioned closer to
the source in order to achieve 34,998 R/hr, which required placement at an angle.

Figure 3. High Radiation Exposure Test Setup

[

2.2.2.4. Short Term High Exposure Test

After completing the three control runs described in Section 2.2.2.3, the high exposure test was
performed to determine if failure of either sensor could be accomplished using an upper bound
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dose rate and to observe what indications would be present if sensor failure were to occur. The
test consisted of a single one hour test run with measurements taken at varying intervals
(typically one minute). The Icone was positioned as shown in Figure 3 in order to ensure the
portion of the Icone containing the sensors received a direct dose. The Icone was lifted off the
surface prior to starting the test and the parameters were zeroed in the GOnsite! program. The
Icone was then lowered back onto the surface and was secured at an angle with a ring stand.
Once in place, the Cobalt-60 source was raised and the test was initiated. In order to achieve the
highest dose rate available, 34,998 R/hr, the Icone was placed about 0.4 meters from the source.
Calibration information for the Cobalt-60 source is available in Appendix A.
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3.0 TEST RESULTS

3.1  Temperature Test Results

Testing data sheets for all temperature test runs are provided in Appendix B. The pre-exposure
control test data prior to the elevated temperature test are shown in Figure 4. The data show some
natural variation in tip resistance and inclination measurements at ambient conditions, as
anticipated. Tip resistance fluctuations of about 1 N (0.001 kN) and inclination fluctuations of

0.1 degrees were observed during control test runs.

Figure 4. Pre-Temperature Exposure Control Test Results
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Test results for the eight hour exposure run are shown in Figure 5 and Figure 6. Figure 5 shows
the tip resistance measurements over time versus the chamber temperature changes, while Figure
6 shows the inclination measurements over time versus chamber temperature changes. In order to
properly display all the data, including the measurements taken prior to the chamber temperature
increase, the actual start time for the eight hour test is shown as 1:00. Therefore, Icone
equilibration is shown taking place between the 0:00 and 1:00 marks, and the chamber door was

opened to atmospheric conditions at the 9:00 mark.

10
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Figure 5. High Temperature Test Results (Tip Resistance versus Temperature)
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Figure 6. High Temperature Test Results (Inclination versus Temperature)
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As anticipated, temperature changes had an effect on tip resistance measurements, as indicated
by the trend shown in Figure 5. After the chamber temperature reached 145 °F, tip resistance
measurements shifted downward to a point, then leveled off. Based on the test run results, the
Icone took more than an hour to reach an equilibrium temperature when increasing from ambient
conditions at 74 °F to 145 °F. The tip resistance stopped decreasing and settled on a constant
value, seeming to indicate the Icone reached an equilibrium temperature, after about 2-2.5 hours.
The resistance measurements then remained constant until chamber conditions were adjusted.

Relative humidity was increased from 0.03% to 50% at the 7:15 mark. The increased humidity
does not appear to have a significant effect on tip resistance, although slight fluctuations of 1 N
(0.001 kN) were recorded. Natural fluctuations in resistance measurements are expected based
on the pre-exposure control tests.

To determine whether the measurement shift was a permanent or temporary effect, the
temperature of the chamber was decreased back to ambient conditions over a thirty minute
period. As the temperature of the chamber decreased to about 76 °F, the resistance measurements
increased, approaching the starting test conditions, as anticipated. This appears to indicate the
shift in resistance measurements is a direct result of the temperature change. Damage to the
Icone also does not appear likely based on the rise of resistance measurements back toward the
original starting values.

Inclination measurements, shown in Figure 6, appear to be less affected by temperature change.
The inclination appeared to decrease as the temperature rose, then leveled off for the duration of
the test until the temperature was decreased, at which time the inclination rose. It was noted in
the data sheets that the temperature probes placed in the chamber were observed swinging
slightly at times during the test run. The natural airflow in the chamber from changing
temperature conditions may have played a role in the slight change in measurements over the
course of the test. The inclination sensor provides resolution of 0.1 degrees, which means slight
variations in the environmental conditions could cause a shift in measurements. Both the
temperature and the airflow may have played a role in the variability of the measurements.

The post-exposure control test data are shown in Figure 7. Inclination measurements for the three
control tests show similar variability of 0.1 degrees to the pre-exposure control tests in Figure 4.
The tip resistance measurements show a slightly different trend. Tip resistance for the first two
test runs increased steadily at about 1-2 N (0.001-0.002 kN) per ten minute test run. The
measurement leveled off during the third test run and remained constant.

Due to a slow cool down time for the chamber, the temperatures for the three runs were slightly
different, as shown on the data sheets (Appendix B). The control runs took place immediately
following the high temperature test and based on the trend in Figure 5, the Icone was likely still
equilibrating to the decreased chamber temperature. The slight increase in tip resistance is
consistent with the Icone returning to ambient temperature. It was also noted on the data sheets
that the Icone was warm when the first post-test control run started, compared to the condition
prior to testing. Given that the measurement is zeroed before each control run, the total shift in
tip resistance over the three runs was 0.004 kN. Based on the end point resistance for the high
temperature test of 0.021 kN, adding 0.004 kN would result in a tip resistance of 0.025 kN,
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which matches the starting point prior to increasing the temperature. Tip resistance appeared to
level off and stabilize during the third control run, indicating the Icone reached ambient
conditions about two hours after the chamber temperature was decreased from 145 °F, which is
also consistent with the time it took to reach equilibrium when the temperature was increased

during testing.

Figure 7. Post-Temperature Exposure Control Test Results
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3.2 Radiation Exposure Test Results

Testing data sheets for all radiation test runs are provided in Appendix C. The pre-exposure
control test data prior to the elevated temperature test are shown in Figure 8. The data show some
natural variation in tip resistance and inclination measurements at ambient conditions, as
anticipated. Tip resistance fluctuations of about 3 N (0.003 kN) and inclination fluctuations of
0.2 degrees were observed during control test runs. These values are slightly larger than those
observed in the temperature control tests, but larger fluctuations are anticipated with the setup in
the HEF facility because the Icone had an additional extending rod attached above the load cell,
which provides greater self-weight and is more prone to slight fluctuations given the stabilizing
point on the ring stand, shown in Figure 2.

Figure 8. Pre-Radiation Exposure Control Test Results
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Test data for the twenty-four hour exposure run are shown in Figure 9. Tip resistance and
inclination measurements are shown over time. In total, the Icone received a dose of 6,000 R.
The test data remained stable for the duration of the test, except for the mid-test rotation. The
Icone was rotated 180 degrees at the 12:00 mark and was not secured in the exact same position
on the ring stand, resulting in a shift in inclination values. Tip resistance measurements showed
total fluctuations of about 4 N (0.004 kN), which is consistent with the natural variation
determined in pre-exposure control tests. Inclination measurements varied by about 0.3 degrees
prior to rotation and about 0.5 degrees after rotation. This test appears to show the dose rate did
not have a significant effect on the tip resistance or inclination measurements.
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Figure 9. Radiation Exposure Test Results (250 R/hr)
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Control tests were then performed after the twenty-four hour exposure test, shown in Figure 10.
These test runs were performed in the HEF with no source present. The Icone assembly was
supported at an angle by a ring stand to prepare for high exposure testing, as shown in Figure 3.
These tests were designed to provide a baseline for natural variation in the measured values to
ensure the Icone was not damaged by the radiation test and to provide a baseline for natural
variation in measured values for the Icone placed at an angle without the extending rod attached.

The data show some natural variation in tip resistance and inclination measurements at ambient
conditions, as anticipated. Tip resistance fluctuations of about 4-5 N (0.004-0.005 kN) and
inclination fluctuations of 0.1 degrees were observed during control test runs. The inclination
measurements varied greatly from run to run due to difficulty zeroing the Icone at the same angle
as it was held by the ring stand. However, absolute values are not important between runs; only
fluctuations are observed for determining measurement drift.

Figure 10. Post-Radiation Exposure Control Test Results
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The Icone was then exposed to the Cobalt-60 source at a distance of 0.4 meters, resulting in a
dose rate of 34,998 R/hr. Test results are shown in Figure 11. Tip resistance measurements were
observed fluctuating up to 8 N (0.008 kN) prior to raising the source to initiate the test, as noted
in the data sheets in Appendix C, indicating placement of the Icone may not have been exactly
the same as the control tests run previously. Tip resistance throughout the test primarily
fluctuated about 5 N (0.005 kN), with a few isolated measurements separated by 9 N. Given the
fluctuations prior to commencing the test, the variation during testing is not deemed to be a result
of the radiation. Despite fluctuations, the tip resistance data show a consistent measurement
throughout the test. However, the inclination sensor appears to have failed about twenty-five
minutes into the test, as shown by the steady increase in inclination.

17



RPP-RPT-55471, Rev. 0

Figure 11. Radiation Exposure Test Results (34,998 R/hr)
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During high exposure of 34,998 R/hr, the inclination measurement began steadily increasing by
about one degree per minute at the 25:00 mark of the test. At the 45:00 mark, the inclination
began providing erratic measurements and ultimately spiked to 90 degrees at the 52:00 mark.
Live camera footage of the Icone setup in the HEF confirmed the assembly was not in motion,
indicating a failed sensor.

To confirm the results, a second high exposure test run was performed without resetting the
Icone. A test run was initiated in GOnsite!, which zeroed the tip resistance and inclination in
place (i.e., both parameters started at zero for the test, rather than lifting the assembly prior to
zeroing). The test was again run at 34,998 R/hr for five minutes and the results are shown in
Appendix C. The tip resistance maintained fluctuation of about 6 N (0.006 kN) during the test,
but the inclination began to rise immediately, ending at 8.2 degrees after only five minutes,
confirming the inclination sensor had failed.

40 CONCLUSIONS AND RECOMMENDATIONS

4.1  Conclusions
4.1.1 Temperature Effects

As anticipated, temperature changes appear to affect tip resistance measurements. Increasing the
testing chamber from 74 °F to 145 °F resulted in a shift in resistance measurements that took
approximately 2-2.5 hours to stabilize. Based on the test run results, the Icone took more than the
anticipated hour to reach an equilibrium temperature when increasing from ambient conditions to
a sludge waste temperature of 145 °F. The tip resistance leveled out at a constant value during
the high temperature test indicating the Icone reached equilibrium temperature. Failure of the tip
resistance sensor was not observed, based on the resistance measurements returning to pre-test
conditions as the temperature was decreased.

Temperature did not appear to significantly affect the inclination measurements. The inclination
appeared to decrease as the temperature rose, then leveled off for the duration of the test until the
temperature was decreased, at which time the inclination rose. It was noted in the data sheets that
the temperature probes placed in the chamber were observed swinging slightly at times during
the test run. The natural airflow in the chamber from changing temperature conditions may have
played a role in the slight change in measurements over the course of the test, in addition to the
air temperature change. Failure of the inclination sensor was not observed.

At the elevated test temperature of 145 °F, relative humidity did not appear to have a significant
effect on tip resistance or inclination measurements.

41.2 Radiation Effects

Radiation exposure at a dose rate of 250 R/hr for twenty-four hours did not appear to affect tip
resistance or inclination measurements. Test data remained stable for the duration of the test,
compared to pre-test control runs. Signal drift was not observed for either measurement
indicating failure of the sensors was not observed.
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Radiation exposure at a dose rate of 34,998 R/hr for one hour did not appear to affect tip
resistance, but did appear to produce failure of the inclination sensor. Tip resistance, which is the
primary data of interest as the input to determine in situ waste shear strength, maintained steady
variability with or without the source present, indicating no significant effect. The inclination
data began increasing slowly after twenty-five minutes of exposure and reached a 90 degree
value after fifty-two minutes, indicating sensor failure. Further testing appeared to confirm the
inclination sensor in the Icone had failed. The high dose rate used in testing is orders of
magnitude greater than the anticipated dose rate in AN-101 or AN-106 sludge, but provided a
bounding test case and allowed for observation of how sensor failure is indicated.

4.2 Recommendations

e Allow adequate time for the Icone to equilibrate to the in situ sludge temperature in AN-
101 and AN-106 during tank deployment. Given the apparent shift in tip resistance
measurements, ensuring time for the Icone to reach in situ temperature is important to
minimize measurement drift.

e Minimize total deployment time for the Icone in the sludge waste. While testing
performed at the estimated sludge waste dose rate did not produce failure of Icone
sensors, minimizing the time in the tank will decrease the likelihood of sensor failure.

e Ensure Icone 090420T is not used in deployment activities.
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APPENDIX A

PNNL REPORT FOR CONE PENETROMETER LOAD CELL TEST
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Name (printed) Signature Representing Date
Jim Hilliard 777 7 ot PNNL 5/23/73

Hans Brandal PNNL

Phil Smith Wty [ 4wl PNNL | g/23/0
4

Summary

Temperature and radiation hardness testing for the Cone Penetrometer Load Cell (Load Cell)
was conducted for Washington River Protection Solutions (WRPS) per Statement of Work
36437-146, and planning doi ment ITL-13-001, Planning Document for Cone Penetrometer
Load Cell. The testing was performed at the Pacific Northwest National Laboratory (PNNL) 318
Building with assistance from WRPS staff members. Temperature testing (8 hours at 145 °F)
revealed no effect to the load cell resistance measurements. Radiation hardness testing
performed twice; one test at 250 R/h, no effect to the load cell resistance measurements was
noted, however, the second test at 34,998 R/h showed a change of the inclination sensor
reading, there was no effect to the load cell resistance measurements on the Load cell. It
should be noted, PNNL staff members were responsible for setting up, controlling, and
operating the 318 BL ling equipment per PNNL approved standard operating procedures as
well as escorting the WRPS representatives. The WRPS staff members were responsible for
operating the cone penetrometer load cell, and collecting testing data/results.

Detailed Discussion

Temperature Test

Temperature testing for the Cone Penetrometer Load Cell began July 23, 2013 at 0700 at the
318 building room 127. Over the next hour, measurement and test equipment (M&TE)
consisting of a Vaisala temperature/relative humidity probe (attachment 1), a Fluke 80T-150

(attachment 2 and 3) temperature probe were placed in the environmental chamber at the
approximate position of Cone Penetrometer Load Cell (see figure 1).

Figure 1. Cone Penetrometer Load Cell in Environmental Chamber.
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The Vaisala temp/humidity probe is the more accurate of the two temperature probes used in
this test; the Fluke 80T-150U has a faster response time and was used to indicate the rate of
change. After all equipment was in place, a WRPS staff member conducted 3 separate 10
minute control tests at ambient temperature. After completion of the control tests, the chamber
temperature was set to 145 °F; warming and stabilization of the environmental chamber
required approximately an hour.

Testing began at approximately 9:30 am, and continued for 8 hours, during this time,
measurements were taken by the WRPS staff member. After the conclusion of the 8 hour run,
the temperature setpoint was adjusted to 72 °F in order to allow measurements to return to the
pretest condition; final temperature recorded was 77 °F. Three separate ten minute control tests
were conducted at ambient temperature (~75 °F ) by the WRPS staff member. Additionally, the
setpoint for relative humidity changed from near zero to 50% at the 6 hour mark; no effect was
observed and the relative humidity was set to 1% approximately an hour later. For a detailed
accounting of effects observed, please refer to documentation prepared by WRPS staff.

Radiation Hardness Test

Radiation hardness testing for the Cone Penetrometer Load Cell began July 25, 2013 at 0700 at
the 318 building room 8, the High Exposure Facility (HEF).The HEF is capable of exposure
rates exceeding 60 kR/h. For the first radiation hardness test; a long duration test (24 h) which
included a 180 ° rotation at the 12 hour mark, a lower exposure rate of 250 R/h was used.
Environmental conditions were monitored by a Fisher Scientific weather station (attachment 4);
the room temperature was 73 °F with a relative humidity of ~ 30%. The Load Cell was placed
approximately 5 m from the 1 lioactive source (5,655 Ci ®°Co — ID# 318-528, RMT 12155),
equipment cabling was suspended above and out of the radiation field (see Figure 2), and 3
separate control tests, each 10 minutes in duration, were performed by WRPS staff. Calibration
of the HEF Source #8 (318-528) is found in attachment 5.
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ATTACHMENT 2 — Fluke 80T-150U

Instrumentation Services and Technology

M&TE Calibration Services
Padllc Northwe P7-01, P.O, Bax 959
TIONAL LABOR, Y Richland, WA 99352

IS&T Record of Calibration

Barcode: TPFL1-0006

UNIT UNDER TEST (U.U.T.)
Model / Manufacturer: 80T-150U/Fluke Serial # 92590020
Function: Temperature Probe TRC #: N/A

GENERAL CONDITION AND COMMENTS ON U.U.T.
Unit is in serviceable condition. Both outputs (°C and °F) were calibrated. Unit is scaled to provide 1 millivolt output
per °C or per °F.

CALIBRATION RELATED INFORMATION
. Amblent Temperature: 70.1°F
Date of Calibration: 5/31/2013 Amblent Pressure: 29.8 in. Hg

Ambient Humidity: 3589,

Next Calibration Due: 5/31/2014 p jure Used: Cal-21 rev. 8
Tolerance: 5.0°CH49.0°F
Limitations: -49°C to 150°C/-55°F to 306°F Oﬂ“?‘:" S %
Date:
] ves
In-Field Calibration: NO M Sisk

IN-TOLERANCE
[[] out-oF-TOLERANCE

As-Found Condition:
7 unxnown
] ma
If As-Found condition is UNKNOWN or NA, enter reason;
STANDARDS USED
(st are tothe inaitute of Standards and ay)

Barcode # Name of Standard Explration Date Meets 4:1 TAR
37363 Omega PRHTEMP2000 Weather Station 2/26/2014 N/A
13250 HP 3458A DMM 211972014 Yes
22361 Hart 5626 PRT 41512014 Yes

Z A
7
Metrolsgy TecHniclan Name
Phil Smith - 4
Matrology Engineer Name Metrology Engineor Signature Approval Dats

You may commant on our servicas via http/calibration.pnl.govifeedback.htm
This record may not be reproducad, except In full, uniess permission for the publication of an appmvod abstract

is obtained, in writing, from Instrumentation Services and Technology.
MCP-1-ARev. 1.1

NL-MA-563, Vol [t Page 10f3
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ATTACHMENT 2 (continued)

Instrumantation Services and Tochnology

MATE Calitration Services

V’ PT-01, P.O. Box 999

Paclfic Northwest Richland, WA 93352
NATIONAL. LABORATORY

IS&T Record of Calibration

Barcode: TPFL1-0006

AS FOUND DATA {1mV per °C})
STANDARD UNIT UNDER TEST {(U. U. T.)
Tolerance Out of
Value Units Value Units Error Value —T Units Tolerance
-49.20 °c 4824 mv 088 £5.0 °c No
-0.35 °c 0.15 mv 0.50 5.0 c No
49.34 °c 4875 mv E 041 150 °c No
87.71 °c 98.80 mv 0.88 150 °c No
152,64 °c 152.60 mv -0.04 £5.0 c No
NA NA NA NA NA NA NA N/A
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA N/A NA NA NA NA NA
N/A NA NA N/A N/A NA NA NA
NA WA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
AS LEFT DATA {1mV per °C)
STANDARD UNIT UNDER TEST (U. U. T.)
Tolerance Out of
Value Units Value Units __Error Value Units Tolerance
-49.20 °c 48.24 mv 0.88 5.0 °C No
035 °c 0.15 mv 050 25.0 °c No
49.34 °C 49.75 mv 0.41 5.0 °C No
87.7% °c 98.60 mv 0.88 5.0 °c No
152,84 °c 152.60 mv 0.04 $5.0 °c No
NA NA NA NA NA NA N/A N/A
NA NA NA NA NA NA NA NA
NA NA NA N/A N/A N/A N/A NA
NA NA NA NA N/A NA NA NA
NA NA NA NA NA NA NA NA
NA N/A NA . NA NA NA NA NA
N/A NA NA N/A NA NA NA NA

This record may not be reproduced, except in full, uniess permisalon for the publication of an app abstract
Is obtalned, in writing, from Instrumentation Services and Technology.

MCP-1-A, Rev. 1.1
PNL-MA-§63, Vol. Il Page20f3
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ATTACHMENT 2 (continued)

Instrumentation Services and Technology
MATE Calibration Services
P7-01, P.O. Box 93%

Pacific Northwest Rechland, WA 93362
NATIONAL LABORATORY

IS&T Record of Calibration

Barcode: TPFL1-0006

AS FOUND DATA {1mV per °F)
STANDARD UNIT UNDER TEST (U. U. T.)
Tolerance Out of
Value Units _Value Units Error Value Units Tolerance
-56.56 oF -55.49 mv 1.07 8.0 F No
31.40 F 31.46 mv 0.08 9.0 °F No
120.80 °F 121.21 mv 0.31 29.0 °F No
207.89 oF 209.09 mv 120 9.0 °F No
306.84 °F 308.63 mv 0.21 9.0 °F No
NA NA NA NA NA NA NA NA
NA NA NA N/A NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA N/A NA NA NA WA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA N/A NA NA NA NA
AS LEFT DATA {1mV per °F)
STANDARD UNIT UNDER TEST (U. U. T.}
Tolerance Out of
Value Units Value Units Ermror Value Units Tolerance
-56.58 oF -£85.49 mV 1.07 9.0 oF No
31.40 °F 3148 mv 0.06 9.0 oF No
120.90 F 12121 mv 0.31 £9.0 °F No
207.88 F 208.09 mv 1.20 9.0 F No
306.84 °F 308.63 mv 021 19.0 °F No
NA NA NA NA NA NA N/A NA
NA NA NA NA NA NA NA NA
NA NA NA NA N/A NA NA NA
NA NA NA NA NA NA NA NA
WA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA N/A
NA NA NA NA NA NA NA NA

This recard may not bo reproduced, axcept in full, unless parmission for the publication of an approved abstract
Is obtatnad, in writing, from Instrumantation Services and Technology.

MCP-1-A, Rev. 1.1
PNL-MA-563, Vol. il Page 3of 3
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ATTACHMENT 3 - Fluke 87 Digital Multimeter

Instrumentation Services and Techrology

M&TE Calibration Services
Pacmnhmw;éw P7-01, P.O. Box 999

Richland, WA 99352

I %T Record of Calibration

Barcode: MMFL8-0001

UNIT UNDER TEST (U.U.T.)
Model / Manufacturer: 87/Fluke Serial #: 47352100
Function: Digital Multimeter TRC #: 861
GENERAL CONDITION AND COMMENTS ON U.U.T.
Unit is in serviceable condition.

CALIBRATION RELATED iNFORMATION
. Amblent Temperature: 72.5°F
Date of Calibration: 8/21/2012 Ambient Pressure: 29.56 in, Hg

Amblent Humidity: 559

Next Calibration Due: 8/21/2013 P ro Used: Cal-46 Rev. 8.2

Tolerance: Manufacturer’s Specifications

Limitations: None

O ves Original sent tos_TRIM __
In-Fleld Caiibration: NO Dat « 9. ﬁ"Z litielee %f_
Other cc2
IN-TOLERANCE
OUT-OF-TOLERANCE
As-Found Condition: .
[ unknown
jm 7Y
if As-Found condition Is UNKNOWN or NA, entor reason:
STANDARDS USED
[ are to the of and ay)

Barcode # Name of Standard Expiration Date Moets 4:1 TAR
26930 Weather Station 9172012 N/A
25000 Fluke 5520A Calibrater 11/24r2012 Yes

; % APPROVALS
/ \,
Welsblogy Tethniclan Name Mgjrolsly 1
AU5 28 200
Phil Smith
Approval Date

Meatrology Enpinesr Name

You may commsnt on our services via http/calibration.pnl.goviteadback.htm

This record may not be reproduced, except in full, uniess permission for the p of an app
s obtained, in writing, froms Instrumontation Sorvices and Technotogy.

CAL-46B, Rev. 8.2
NL-MA-563, Vol. If Paga1of4
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ATTACHMENT 4 — Fisher 02-400 Digital Weather Station

Pacific Northwest

MAT DAL LADORAIORY

Instramentation Services snd Technotogy
M&TE Calibration Services

P3-01, P.O. Box 999

Ricldand, WA 99352

IS&T Record of Calibration

{ Barcode: WSFI1-0004

UNIT UNDER TEST (U.U.T.)
Model f Manufacturer: 02-400/Fisher

Function: Digital Weather Station

Serial #: N/A
TRC #: 680

GENERAL CONDITION AND COMMENTS ON U.U.T.

Unit is missing battery compariment cover (does not affect operation of unit).

Allitude set to O feet during

barometric pressure calibration. Altitude set to 120 feet after calibration was complete.

*This e is for ISET { Use Oniy (Guar ing). ftemis

d to the specifications listed on the first page

CALIBRATION RELATED INFORMATION
Ambient Temperature: 69.5°F
Ambient Pressure: 29.58 in. Hg
Ambient Humidity: 359,

Date of Calibration: 6/13/2013

Next Calibration Due: 6/13/2014

Tolerance: +1.8°F, #0.1477 in. Hg

Limitations: 60°F to 80°F, 25.0 to 31.0in. Hg

Procedure Used: Cal-P2 rev. 1.2: Cal-45rev. 4

Original sent tos_TRIM___
. 3 ves (I8~ Initi
In-Field Calibration: "o Date: Ini
Othercc:
IN-TOLERANCE
[ out-or-ToLERANCE
As-Found Condition:
[ unknown
[ wa
if As-Found condition is UNKNOWN or NA, entor reason:
STANDARDS USED
are to tha of and gy
Barcode # Name of Standard Expiration Date Meets 4:1 TAR
37363 Omega PRHTEMP2000 2/26/2014 NIA
22361 Hart 5626 PRT 4/1512014 Yes
17403 Heise System 54: 0 to 15 PSIA 8/4/2013 Yes
23481 Heise System 54: 0 to 150 PSIA 9/4/2013 No-Guardbanded
) e APPF
{ - 4'/ C{f'
Cj
Melrolygﬂechnicfan Name Motrology Technician Stamp

Muiwiegy mregerrves wemnes - MOUDIOgY CAYIHTUL Jignausy

You may comment on our services via httplcalibration.pnl.govifeadback.htm

of an approved abstract

This record may not ba ropraduced, except in fulf, unless permission for the
is obtained, in writing, from Instrumentation Sorvices and Technology.

NL-MA-563, Vol. If

Page 18 of 21
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ATTACHMENT 4 (continued)

Inatrumentation Services and Technology
MATE Caltbration Services

IS&T Record of Calibration

Barcode: WSFI1-0004

P7-01, P.O. Box 999
Richiand, WA 29352

AS FOUND DATA
STANDARD UNIT UNDER TEST (U. U. T.)
Tolerance Out of
Value Units Value Units Error Value Units Tolerance
58.97 °F §8.0 °F 0.03 1.8 F No
64.31 °F 63.5 °F -0.81 *1.8 °F No
69.38 °F 68.9 °F -0.48 218 °F No
74.71 F 74.3 F -0.41 1.8 °F No
81.43 F 80.6 °F -0.83 21.8 °F No
N/A NA NIA NA NIA N/A NA NA
NA N/A NA NA N/A N/A NA NA
NA NA N/A NA NIA WA A NA
NA N/A NA NA NA NA N/A NA
N/A NA N/A N/A N/A N/A N/A N/A
NA NA NA N/A NA NA NA N/A
N/A N/A NA N/A NA NA NA N/A
AS LEFT DATA
STANDARD UNIT UNDER TEST (U. U. T.)
Tolerance Out of
Value Units Value _Units Error Value Units Tolerance
58.97 °F 59.0 °F 0.03 11.8 F No
64.31 oF 63.5 °F -0.81 118 g No
69.38 °F 63.9 °F -0.48 *1.8 °F No
74.71 °F 74.3 @F -0.41 1.8 °F No
8143 °F 80.6 °F -0.83 118 °F No
N/A NA N/A NA NA NA N/A NA
NA NA N/A N/A NA NA NA N/A
NA NA N/A N/A NA N/A N/A N/A
N/A N/A N/A NA NA NA NA NIA
NA NA N/A NA NA NIA NIA NIA
N/A N/A N/A N/A NA NA NIA N/A
N/A N/A NA N/A N/A NA NA N/A
This record may not be reproduced, except in full, unless p for the of an app

is obtatned, In writing, from Instrumentation Services and Technalogy.

PNL-MA-563, Vol. Il

Page 19 of 21
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ATTACHMENT 4 (continued)

and

METE Calibration Services
P7-01, P.O. Box 999
Pacific Nort} st Richland, WA 89362
NATIONAL. L ABORATORY
IS&T Record of Calibration
Barcode: WSFI1-0004
AS FOUND DATA
STANDARD I UNITUNDERTEST (U.U. T.)
Tolerance Out of
Value Units Value Units Error Value Units Tolerance |
24.958 in. Hg 24.89 in. Hg -0.07 20.1477 in. Hg No
26.484 in. Hg 28.43 in. Hg -0.05 20,1477 in. Hg No
28.013 in. Hg 27.96 In. Ho -0.05 20.1477 in. Hg No
20.621 In. Hg 29.59 in. Hg -0.03 20.1477 in. Hg No
31.080 . Hy 31.01 in. Hg -0.07 £0.1083" in. Hg No
NA NA N/A N/A N/A N/A NA NA
N/A N/A NA NA NA N/A N/A N/A
N/A NA N/A NA NA N/A N/A N/A
N/A NA NA NA NA NA NA NA
N/A NA NA NA NA NA N/A N/A
NA NA NA NIA NA NA NA NA
N/A N/A NA NA NA NA NA NA
AS LEFT DATA
STANDARD UNIT UNDER TEST (U. U. T.)
Tolerance Out of
Value Units Value Units Ervor Value Units Tolerance
24.958 in. Hg 24.89 in. Hg -0.07 10.1477 in. Hg No
26.484 In. Hg 26.43 in. Hg -0.05 10,1477 in. Hg No
28.013 In. Hg 27.96 in. Hg -0.05 10.1477 in. Hg No
20.621 In. Hg 29.59 in. Hg -0.03 20.1477 In. Hg No
31.080 in. Hg 31.01 . Hg -0.07 +0.1083° In. Hg No
NA NA N/A N/A NA NA NA NA
NA NA N/A NA NA NA NA NA
NA NA NA NA NA NA NA NA
N/A NA N/A NIA NA NA WA NA
NA NA A NA N/A NIA NA NA
NIA NA N/A NA NA NA NA NA
NA NA NIA NA NA A N/A NA
This record may not be reproduced, except In full, unless for the of an app

Is obtained, In writing, from Instrumentation Services and Technology.

MCP-1-A, Rev. 1.1

PNL-MA-563, Vol. Il Page 3 of 3
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ATTACHMENT 5

7

Pacific Northwest

NATIONAL LABORATORY

Internal Distribution

Date January 30, 2013

To IS&T and CR&A QA File
From Roger A. Gregg
Subject Source 318-528, SRIT1-0003 (High Exposure

Facility #8) Annual Calibration Verification
(Tracking No. 13027)

Calibration verification of High Exposure Facility (HEF) Co-60 source 318-328, coupled with
the operational software hefexe, version 10/18/11 11:35 AM, was performed on January 25,
2013. The protocol for this routine verification follows CR& A procedure TP-1P04 and involves
measuring the exposure ratc in air in both the Position Mode and Exposure Rate Mode at the
computer-sclected points that correspond to 20% and 80% of each decade, as attainable. All
measurement results were compared to the exposure rates displayed by the computer in the
“Uncompensated” mode, which reflect exposure rates determined in, and decayed from
calibration measurements of January 2012. All measurcments were performed without the lead
attenuator in place.

Appropriate corrections were made for electrometer offsct (as appropriate), ionization chamber
responsc (Roentgen/Coulomb) and ambient temperature and pressure conditions to correct the
response to 22° C and 760 mmHg. Ion chamber measurements were performed in accordance
with TP-1P02, Photon Measurements Using Air Tonization Chambers, revision 0.

The components used to evaluate the individual uncertainties and their magnitudes are detailed
on the data summary (spreadsheet printout) available within Attachment 1. In areview of the
data summary, it was noted that uncertainties at closer distances (e.g., 0.5 and 0.3 m) may be low
due to conservative assumptions of the calculations within the spreadsheet. Atthe 0.3 m
position, the true uncertainty appears to be roughly 1% higher. This shortcoming is not judged to
be of critical importance to this measurement as all measured errors are within the conservatively
estimated uncertainties.

Traceability to the National Institute of Standards and Technology (NIST) for this calibration is
established through use of the Exradin Model A12 ionization chamber, s/n XA102351, one of the
in-house working standards, which is traceable through direct comparison to the secondary
standard PM-30 ion chamber, S/N CI130.7502.

Page 21 of 21 ITL-13-0002 rev 2
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APPENDIX B

TEMPERATURE TESTING DATA SHEETS
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APPENDIX C

RADIATION EXPOSURE TESTING DATA SHEETS
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Data Collector

Date Test

Cone ID

Jordan Follett

7/25/13 Rad Control Pre-Test 1

090420T
I-CFXY-10

0:00

0. .oo

(N) | FrictionRatio (%) | Inclinat

0:01

O. R0

0:02

0.0

0:03

&.00

0:04

.00

0:05

0.00

0:06

O0.J0

0:07

0.00

0:08

O.00

0:09

0.00

0:10

0. 00

End Values
0.0t
-¢.026
1.5
0.9

Start Values

~0.09Y

-0.0Z27
0.3
(!

Temperature (°F)

734

RH (%)

35

C-2
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 DataCollector |  Date | Test | ConelD

090420T

Jordan Follett 7/25/13 Rad Control Pre-Test 2 -CEXY-10

Time | Tip Resistance (kN) | Friction Ratio (%) |  Inclination ()

0:00 A ©. 00 . >

0:01 O. 124 O.00 /.3

0:02 0. 121 0.00 .3

0:03 O.IZ-) O-OO /' 3

0:04 O.121 0. o0 1.3

0:05 0.2 0. 00 ).

0:06 o.[20 O.0

3
0:07 O. ]2 ¢ ©.00 ). 3
0:08 0.] 2| 0.00 [. 3

0:09 O"ZO OO0

/
0:10 0. 17 0.©° /

Start Values End Values Temperature (°F) RH (%)

~0.046 o.0Ls 734 3}
_-0‘02-5/ "O\OLC

2.3 (.9

0.7 05"

Comments o

C-3
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___Data Collector | Date | Test L Cone ID

090420T
[-CFXY-10

Jordan Follett 7/25/13 Rad Control Pre-Test 3

) | FrictionRatio (%) | Inclination(®)
0:00 O3 o.0> 0.5
0:01 0. 130 0. 00 0.5
0:02 0. /30 .00 0.5
0:03 0.130 O. 0D 0.5
0:04 O. 130 O.0> 0.5
0:05 0129 4-50 0
0:06 0. 129 © .00 o.4
0:07 o129 .00 0.5
0:08 O.1T9 O 00 ©. 5
0:00 0129 3.00 o5
010 0.12 0.0% 0.5

_ Time | TipResistance (K

Start Values End Values Temperature (°F) RH (%)

AO.oﬁL 0.0737 74.75 B
-0.026 -0.02h

| 14 \.o
-0 L O-\

C-4
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Shect

_ Data Collector Date _ Test __ConelD
Dustin Ma 7-25-13 24 he E)QD05um fﬂ‘iﬁic}:o
f*me 725 am

TLme | Tip Res1stance Frlctlon Ratlo Inchnatlon '»Temperature Relatl Humidity
(kN) (%) ~ © o AT
0:00 6.130 ©0.00 o.Y
0:0] 0. 130 ©.00 o4
ooz 0.130 .00 .Y
003 0.1%0 0.9 oY
oo4 O-13%0 .00 oM
0o o130 .00 .4
0110 0120 0.00 0.4
oS 0.1730 O.O0 6. Y
0:20 0.130 0.090 0.5
0TS | 6.129 0.00 oS
O30 0-.-130 O.o00 0.5
| 00 0.1219 0.00 0.4
| 130 6. ] 24 0.00 O.H
2:00 0.129 0.0 0.4
2:30 O.1z29 0.00 0.6
3100 O. )24 0.00 0.7
g 50 O. 1% 0. 00 0.7
H:0v 0.12% 0.0 0.7 .
4:30 0.128 0.0D 0.6 743
$:00 0.123 0.00 0.6 73.4
S:30 0.11.% 0.00 0.5 724
Start Values End Values

C-5
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‘Data Collector " Date Test Cone;ID .
D&J&)ﬁf\ P/\m\/ 7-25-13 | AY hy¢ EXDO,B'U\A& ?«0:;3—‘50
Tnn e_" = TlpReSIStance | ~'fFr1ct10n RatthA | Inclmatmn Temperature‘;g Relatlve Humlélty
s %) {0 _CH (%)
(,oo**% 0.12% 0.00 6.5 73/{ 30
(: 30 0.127 000 0.5 73.4 30
7-00 0.127 0.00 0.4 734 20
7:30 0.127 0.00 04 73.4 3
%:00 o127 0.00 0.5 134 3
$:30 0.127 0.00 0.5 73.M1 2]
9:00 0. \27 000 oM 734 3
130 | 0u27 0.0 D .4 734 3
jo:00 O. 126 b.00 0.5 734 R |
[0:30 O.126 O.00 0.6 734 EY®
11-00 0. 126 0.00 0.4 73 Y 33
)30 0. 12¢ 0.00 oY 734 23
*| | X100 0.126 0.00 0.4 734 33
12:05 o126 0.00 [.S 73.4 Sz
)2:30 0.1 7 0.00 5 734 33
1300 0.137 5.00 LS 734 3K
]3:30 0.7 0.60 (.S 734 =2
100 0.127 0.0d> 1.3 1354 BY
430 0.12.8 O.o |2 72. Y 28
[5700 0.127 0.0 1.4 73.Y 27
|5:%0 O.12% O.oa .73 734 2¢
Start Values End Values
§ 1200 = cotued. load el 180" (fip resfiance Cemaindd ‘r‘:/*\
same , incdinaFion  S\i 9»\\1 (,\MSM doe o menat cotahion)
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Data Collector _Date _Test Cone ID.
Jovden Tl 7/24/13 24 He Bxposwwe Test ‘}7.(’5-:;;:0
| TipResistance | Friction Ratio | Inclination | Temperature | Relative Humidity
0.129% o. on 1.2 72.4 25
b~ 2o ©.\2% 0. oo 1.3 74.3 25
|77: 00 ©.128 0.00 1.5 73.4 25
|7: 30 o1 o.o09 (.5 7 3.4 25
CREY ©. 128 0.0 (.5 72,4 25
830 o.127 ©.o0 .4 73.4 20
19 00 o.128 0.vo 1.5 734 20
19: 30 0.2 0. oo .2 7734 3
20 too O.129 O.0s 1.3 724 2?2
20130 0.(28 o.00 {.H 73.4 22
21:00 O. |28 6.00 /1.5 73,4 g
21-30 0.,28 O. oo I 4 73,4 2
2200 ©.12% ©.00 bob 74.3 3|
22:30 c. |21 .00 I b T4 .3 3
2%:00 o.\27 o. oo | .6 79.3 Sl
23%3:3%0 o.j27 ©.oo |.7 4.3 31
%7 24t o0 °0.127 0. os b7 74.3 31
Start Values End Values v bOOOR 4ol
| - 0. 0%b ©. 032
-o.02L - . 0%Y
c omments ©.8 e.7
e oy 1.4
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Data Collector Date Test ConelD
Jordan Follett 7/25/13 Rad Control Post-Test 1 1_(23933(%/()_1; 0
e TR Eriction Ratio (%) |  Inclination ®)
0:00 0.0 7.5
0:01 ©.90 s
0:02 0.00 7.5
0:03 . OO 7.6
0:04 6.0 7.5
0:05 0.0 7.5
0:06 O .00 7S
0:07 OO0 7.5
0:08 o.00 7.5
0:09 0.00 7.5
0:10 ©.00 7.4
| Start Values End Values Temperature (°F) RH (%)
-0.09%3  -0-.05% 75 ¢ 50
1 -0.024 ~0.024
90. O 90.©
Commens | i

- Teshts vwn wifl @m posicaned oo Mgk ¢xpowee Aert-
AL L vemove d gl Tore e rL"Wb—\ at ""'%k
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__ Data Collector | _ Date _ Test ___ ConelID

090420T

Jordan Follett 7/25/13 Rad Control Post-Test 2 LCFXY-10

~_ Time _ Tip Resistance (kN) | Friction Ratio (%)

0:00 5.0173 0.0

0:01 0.01Y O.00

0:02 ©.017T 0.00

0:03 0.0)% 0.00 0.6

0:04 0.0\ ©.00 0.7

0:06 5.01% 0.0 0.6

0:07 0.0172 O.00 0.6

0:08 O.0 14 0.00 0.7/

0:09 0.0 l7 0.00 O.L

0:10 0.0)5 .00 o.7

Start Values End Values Temperature (°F) RH (%)

-0.075 -0. 06/ 75t ;D

o 700 90.0
,‘,,;(;qmments | - .9 2.3
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__ DataCollector | _ Date Test Cone ID
Jordan Follett 7/25/13 Rad Control Post-Test 3 I-()Cglg);g[ojo
_ Time _Tip Resistance (kN) | Friction Ratio (%)
0:00 Q.04 0.0
0:01 0.027 o.°90
0:02 .09 00
0:03 D020 S .00
0:04 0.0 .00
0:05 0.0TO 0.0
0:06 0.0T\ H.0o0
0:07 H.o11 D.09
0:08 0.0 0.00
0:09 0.01Y% 6.00
0:10 g 019 0,00
Start Values End Values Temperature (°F) RH (%)
75-C 3o
-5.0%! -0.06 T
—~0. 04 ~0.074
90.0 90.©
3.1 64
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_DataCollector |  Date | Test | ConeID
’5-0*’49\« ﬁ'(cﬁ 7/;6/’} H{ﬁk Fod Tesd sh.| 0'1'::{:{:;;' o
 timc | TipResistance | Friction Ratio | Inclination [ Temperature | Relative Humidify
caa ol &N i\ (%) o ] hH ()
0:00 0.036 0.05 o.| 5. ¢ 3o
000 ©. 033 ©.00 . | 75. 2 EX
O:00 0‘0?77%3,'; O oo o.2 75. L So
0 oo 0. o3 O o> o.r 7S. 2 S e
&0 0.03b O.o0 ©. 2 74.3 29
clo2 0. 024 0.00 0.3 74.¢ 29
0:03 0.0%b .00 ® .0 74. 3 29
0:0Y o.o040 o. oo 0.3 74.3 29
005 ©0.03%% . oo ©.2 74. ¢ 29
¢ 1o ©.036b S.c0 0.3 74.% 29
o5 o.o37 0. 90 .2 75 Z1
020 0.03Y 0.00 0.0 4.3 2e
o:25 ©.039 o.oo |o. 4.3 2%
0129
2o .04 0. Ve 2.5 14,3 2%
"5""3‘5"9‘:2“ 0.0 3% 0.09 2.2 14.3 29
e~:«to\0‘%° 0.037 .00 3. b 724.3 > 8
et | 0,031 °.0a Y. 5 4.3 28
. ©.038 O.00 5.4 74-2 25
‘01'559‘:33 ©0.03% ©.oa 6. | 74.3 23
tv?r“mH 0-040 0.0« | 71 74.3 2%
035 0.03%% ©. 0o 8.0 74.3 28
I
| —o.o2M - o.0%Y v35,000 /K LZ‘J,‘IG;‘B P“/l\)
;; j'j Test 8
: ; C oo 25 min mark
” T:ﬁ;t?aﬂw/hbrcaxfm%+ ~J\:‘,a\/S fc:'\c osd

-~k KPJ)W + de S’-‘Pr,‘f‘?
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- Comments

Data Collector Date , Test _ Cone ID
Focden Bolledf 726 (13 H‘?“ ol Tt bz ;?;;;;Tx;
| Tip Resistance | Friction Rati() Inclmatwn Temperatur\ev i\iRelatxve Humidity
LNy ©) 0. En &)
0.0%b 0. 0o 9"{ 74.3 Z2e
0.03% .00 4.0 74 .3 2%
0.04| ©.00 oo 74.3 2%
039 o.04L ©.0e .o 74 .% 2%
o+ 0.0332 0-o° 1.5 74-% 2%
o:4l 0.0 37 ©.oo 121 749.72 23
oYt 0.03% 0.03 l2 .6 74 .2 23
o:43 0.03b O.oo '3 . 24.3 28
o4y ©.03%9 ©.00 4.5 74.3 28
o.45 0. 036 O.oo 66 .2 775 28
o:qb o. 039 0.0 15.5 74.3 :
o:47 ©.035 ©.00 1b.o 7Y.3 28
o. 4% 0.03b ©.e0 15.% 74.3 28
049 0.03Y 0. 00 671 7.3 ze
O: 5. o.037 ©.o0 75.2 74.3 2.8
0. 9% 0.0 36 O. o= 40,0 7.2 28
0. 54 0.038 ©.oo To.o 747 28
.56 0.037 O. oo F0.0 74 -% 278
0,58 ©.038 Q.o Z/fmﬁeqz g5 743 X
|t oo 0.04] ovo [ mes % 745 ze
Start Valﬁes End Values

7 Jumped F 66',1‘%« 149° «+ o1 4Y

—aj*’d’\

-+ 0!45

66.2°

K nelimntian £ /we,svdrcc-}'e‘!

~» Video

100% ; e S’I‘r]‘"\"j

oprLovs o

shsw S"}"'\L‘e
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Data Collector Date Test Cone ID
H—)*JL 'ZA—J' TQJ"’— SL. .;
| Tip Resistance Friction Ratm | Inclmatlon | Temperature Relatlve Humldlty
L Ny %) © (P (A
0:00 —o.o01 ®. 05 .| 4.3 2%
0 ol 0.o0° ©.00 l. o T3 9
001 -—0.00 2 ©.0- 3.1 74.% 29
0'.0% ~0.006 .90 .7 T .3 28
oo ~0.005 0.00 7.0 745 23
0:05 -0.po| 0-20 2.2 77.3 28
Start Values End Values B chhd vew RUT A GO nade
-0.05% —0.b6( L )
~0.02Y —0. 0N > Mmaintened high va
. ; 3.8 Lo, - re-Pero of Teone (‘\“ FWRW’}W‘;{)
Comments | ~{.o 5.\
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APPENDIX D

ICONE CALIBRATION CERTIFICATE
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BEPROEVINGSPROTOCOL RPP RPT- 55741 ReV 0

MPe.

M ‘Fa(

Icone
Leverancier: A.P. v.d. Berg Machinefabriek B.V. Heerenveen
Ordernummer: HY Y [)2 Y
Klant: AP Vo dtn qu Im <. ({-’ @ /)OM/)
Werkopdrachtnummer: Yy y ()1’
Conustype: ELCI~1ocFI = T, <M
Conusnummer: Qq oY 20
. Gewenste | Check of
Te beproeven/controleren item waarde waarde
Isolatieweerstand : ; Goed 72 Gohm
Rechtheid % S=<02mm | @ K mm
Nulpunt Punt /Z Goed ~0.174 MPa
Nulpunt Kieef % Goed -0.030 MPa
Nulpunt Waterspanning % Goed nu 1( kPa
Nulpunt Helling X % Goed 07 o
Nulpunt Helling Y % Goed 0 0o
+ -7
Wordt de conusweerstand juist weergegeven? % Ja o-
Wordt de Kleefmeting juist weergegeven? ' % Ja Q - 06 6 ?
- Wordt de Waterspanning juist weergegeven? /Z Ja Vtﬁu.{ .
Wordt de Helling juist weergegeven? % Ja O 10-20"
Conus herkenning werkt bij in- en uitschakélen? / Ja O.K
Eventuele opmerkingen:
Sewns ("{'\"U( Ic;@u e o (WTt“‘P o- < kN ‘
S
Sm{‘tmk(a \Qw - Bewr

Gekalibreerd door: B Verm B@LL[& i

Datum: 29-4 -.\@/a

Paraaf: @

Eindcontrole :

fv*;l:t L%JS’AM) @

Datum: 24~ 4 ufmy

Paraaf:

M:\Casper Ouwejan\Beproevingsprotocol Icone.doc
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APPENDIX E

MICROSHIELD TEST RUN FOR AN-106 SLUDGE DOSE RATE
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MicroShield 7.02
DOE (7.02-0000)

Date By Checked
Filename Run Date Run Time Duration
Casel June 12, 2013 10:37:44 AM 00:00:00
Project Info
Case Title AN-106 Sludge
Description Dose rate at surface of tank waste
Geometry 8 - Cylinder Volume - End Shields
Source Dimensions
Height 241.3 cm (7 ft 11.0 in)
Radius 762.0 cm (25 ft)
Dose Points
A X Y Z
#1 0.0 cm (0.0 in) 242.57 cm (7 ft 11.5 in) 0.0 cm (0.0 in)
Shields
Shield N Dimension Material Density
Source 2.69e+07 in® Water 1.66
Air Gap Air 0.00122
Source Input: Grouping Method - Actual Photon Energies
Nuclide Ci Bqg puCi/cm3 Bg/cm?
Ba-137m 1.4190e+005 5.2503e+015 3.2238e+002 1.1928e+007
Cs-137 1.5000e+005 5.5500e+015 3.4078e+002 1.2609¢+007
Buildup: The material reference is Source Integration Parameters
Radial 20
Circumferential 10
Y Direction (axial) 10
Results
Fluence Rate Fluence Rate Exposure Rate Exposure Rate
Energy (MeV) Activity (Photons/sec) MeV/cm?/sec MeV/cm?/sec mR/hr mR/hr
No Buildup With Buildup No Buildup With Buildup
0.0318 1.087e+14 7.088e+03 1.931e+04 5.904e+01 1.608e+02
0.0322 2.005¢e+14 1.347e+04 3.726e+04 1.084e+02 2.998e+02
0.0364 7.298e+13 6.489¢+03 2.120e+04 3.687e+01 1.205e+02
0.6616 4.724e+15 2.491e+07 6.554e+07 4.830e+04 1.271e+05
Totals 5.106e+15 2.494e+07 6.562e+07 4.850e+04 1.276e+05




	RPP-RPT-55741, Rev. 0, Cover Sheet
	RPP-RPT-55741, Rev. 0



