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Summary 

The Hanford Site has 149 underground single-shell tanks that store hazardous radioactive waste.  Many of 
these tanks and their associated infrastructure (e.g., pipelines, diversion boxes) have leaked.  Some of the 
leaked waste has entered the groundwater.  The largest known leak occurred from the T-106 Tank in 1973.  
Many of the contaminants from that leak still reside within the vadose zone beneath the T Tank Farm.  
CH2M Hill Hanford Group, Inc. seeks to minimize movement of this residual contaminant plume by 
placing an interim barrier on the surface.  Such a barrier is expected to prevent infiltrating water from 
reaching the plume and moving it further.  A plan has been prepared to monitor and determine the 
effectiveness of the interim surface barrier.  Soil-water content (θ) and water pressure (ψ) will be 
monitored using off-the-shelf equipment that can be installed by the hydraulic hammer technique.  Two 
instrument nests were installed in fiscal year (FY) 2006.  Each instrument nest contains a neutron probe 
access tube, a capacitance probe (to measure θ), four heat-dissipation units (to measure ψ), and a drain 
gauge to measure soil-water flux.  A meteorological station has been installed outside of the fence.  Two 
additional instrument nests are planned to be installed beneath the proposed barrier in FY 2007.  
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Acronyms 

ARHCO Atlantic-Richfield Hanford Company 

CCU Cold Creek Unit 

CHG CH2M Hill Hanford Group, Inc. 

CSI Campbell Scientific, Inc. 

DOE Department of Energy 

FY Fiscal year 

HDU Heat-dissipation unit 

HMS Hanford Meteorological Station 

IAEA International Atomic Energy Agency 

ID Inside Diameter 

OD Outside Diameter 

PMP Project Management Plan 

PNNL Pacific Northwest National Laboratory 

PVC Polyvinyl chloride 

QAP Quality Assurance Plan 

SST Single-shell tank 

STOMP Subsurface Transport Over Multiple Phases 

WIDS Waste Information Data System 

WMA Waste Management Area 
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Figure 5.13.  Wiring Diagram for T Tank Farm Instrument Nests and Meteorological Station (after CHG 2006) 
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6.0 Vadose Zone Monitoring Plan 

A monitoring plan is presented that uses the monitoring design described in Section 5.0 that will be used 
to document vadose zone response to the placement of an interim surface barrier in the T tank farm.  The 
monitoring plan employs the measurement of subsurface hydraulic conditions directly beneath and 
outside of the interim surface barrier as well as meteorological conditions.  This section details aspects of 
the monitoring plan, including: 

• the source, method, frequency, and schedule of data collection 

• data reduction, validation, organization, and analysis 

• instrument performance and vadose zone response indicators 

• contingencies given instrument failure 

• data reporting. 

6.1 Measurement Procedures and Frequencies 
This section describes the standard procedures to be used for collecting data under the monitoring design 
described in Section 5.0 as well as the measurement schedule.  Table 6.1 summarizes the six variables to 
be monitored, the monitoring methods, and the approximate monitoring frequency.  The monitoring 
procedures and frequency may be adjusted as more experience is gained. 
 

Table 6.1.  Data Collection Method(a) and Approximate Frequency Under Normal Working Condition 

Monitoring Component Monitoring Method Monitoring Frequency 
Soil-Water Content Neutron Moisture Probe Quarterly  
Soil-Water Content Capacitance Probe Every 6 hours 
Soil-Water Pressure Heat Dissipation Unit Every 6 hours 
Soil Temperature Heat Dissipation Unit Every 6 hours 
Soil-Water Drainage Drain Gauge Hourly 
Air Temperature Thermister Hourly 
Precipitation Rain Gauge Hourly 
(a) All measurements except neutron probe will be controlled by dataloggers and 

taken automatically.  The data will be transmitted to the project server on a 
weekly basis. 

 
Neutron-moisture-probe measurements will be performed manually.  The measurements will initially be 
made about every 3 months, but may vary according to the needs and the variation of soil-water content.  
Following the neutron-probe-measurement procedure documented in CHG (Ross 2007), profile 
measurements will be made at 1-foot intervals to the depths of the access tubes.     
 
The datalogger will control the probe and store the measurement data of moisture content from 
capacitance sensors, soil-water pressure and soil temperature from HDUs, drainage from the drain gauges, 
precipitation from the rain gauge, and air temperature from the thermister.  Soil-moisture-content 
measurements made with the capacitance probe and HDU measurements to monitor soil-water pressure 
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and soil temperature will be taken once or more every 6 hours.  At this measurement frequency, a fully 
charged battery can last for approximately 30 days without being charged by the solar panel.  A concern 
for a more frequent measurement is that the HDU may drain too much power from the battery, especially 
in the winter months when cloud cover reduces the capability of the solar panel to charge the battery.  Air 
temperature in the meteorological station will be measured every hour or shorter considering that air 
temperature changes quicker than other variables.  Both precipitation and water flux will be measured 
continuously, but the former is reported hourly.  The data will be transmitted to the project server on a 
weekly basis.  

6.2 Data Management 
Given the variety and volume of data to be collected, it is critical that the data generated under the 
monitoring plan be consistently managed in a high-quality format and continuously validated.  Doing so 
allows for reliable routine review and assessment of the functionality of the sensors.  The following 
sections discuss the review and archival of raw data collected by the instrument/datalogger, the reduction 
of the data into meaningful parameter quantities, and data validation.  

6.2.1 Raw Data Review and Archival 

The data from the dataloggers are treated as raw data.  These data will be reviewed before they are 
archived in a central server.  In the case when the data are not complete, the data will be re-retrieved from 
the dataloggers.  The data from the dataloggers will be in ASCII format.  The files from the instrument 
nests will have the same or similar format as described below. However, the file formats are subject to 
change if needed. The actual format of each data file will be described in a data-configuration-information 
file, which is prepared when a data file is archived. 

• The file contains multiple rows of comma-delimited data measured at different times. The 
comma-delimited values correspond to the following variables sequentially:  
o Columns 1 to 5: Array No., Year, Day of year, Hour/Min, Seconds 
o Columns 6 to 7: Battery voltage (V), Reference temperature (°C) 
o Columns 8 to 11: HDU initial temperature at 1, 2, 5, 10 m bgs (°C) 
o Columns 12 to 15: Temperature difference between 1 sec and 30 sec for HDUs at 1, 2, 5, 

10 m bgs (°C) 
o Columns 16 to 20: Capacitance-probe scaled frequency from sensors at 0.6, 0.9, 1.3, 1.8, and 

2.3 m bgs 
o Columns 21 to 25: Capacitance probe soil-moisture content from sensors at 0.6, 0.9, 1.3, 1.8, 

and 2.3 m bgs (volume %) 
o Columns 26 and 27: Number of drain gauge doses and siphon water level (mV) 

• The file from the Meteorological Station contains the comma-delimited values corresponding to 
the following variables sequentially: 
o Column 1: Date/Time 
o Column 2: Record number 
o Column 3: Battery voltage (V) 
o Column 4: Rain gauge (inch) 



 

 6.3

o Column 5: Air temperature (deg C). 
 
Note that in case measurement frequencies do not match, the same value for the less-frequent 
measurements will be repeated to keep the same data format as described above.  Should there be 
additional data output, they will be added after the above mentioned data items in a row. 

6.2.2 Data Reduction and Organization 

All monitoring data to be collected require a calibration to relate the measured instrument output of an 
electric signal to a meaningful parameter value.  In the case a calibration is not available for the neutron 
probe, relative values will be derived. In instances where the instrument calibration is stable and will not 
change with time, the datalogger will perform the calculation, and the calculated value will be included in 
the data file.  For other instruments, the application of the calibration equation will be done through post 
processing of the data file.  Applying the calibration during post processing allows for the datalogger data 
file to remain consistent in terms of output fields and to derive the values in the data file. 
 
Data collected under the monitoring plan will be managed in a centralized electronic database repository.  
The database will be backed up daily using an automated back-up routine.  Except for the neutron 
moisture probe data, data will be automatically or manually downloaded from the datalogger to the 
project server using a combination of radio-frequency telemetry and/or telephone communication.  Data 
are to be downloaded from the datalogger to the project server approximately once a week.  Neutron-
moisture-probe data will be copied to the project server after measurements are made.  Templates (e.g., 
using MathCad, EXCEL) will be used to apply the specific instrument calibration and to produce time 
series plots of the data.  The processed data and plots will be stored in the project server.  Figure 6.1 
presents a flow diagram describing the monitoring components, instrumentation, and data collection and 
management. 

6.2.3 Data Validation 

Monitoring data that have been copied to the central server will be screened regularly for anomalies by 
comparing recent data to historical data and using performance indicators defined in the next section.  
Anomalous data will be flagged and further investigated following procedures identified in the data-
analysis section.  If the data are proven to be erroneous, the data will either be corrected, if possible, or 
noted as suspect.  Generally, the data will be validated approximately quarterly, but the validation 
frequency may be adjusted as more experience is gained. 

6.3 Data Analysis 
Data analysis will be consistent with the purpose, goals, and objectives of the interim-surface-barrier 
monitoring plan to assess the performance of the interim barrier.  Data represent measurements at selected 
monitoring locations at selected times and include soil-water content, soil-water pressure, soil temperature, 
soil drainage, and meteorological conditions.   
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Figure 6.1.  Monitoring Components, Instrumentation, and Data  

Collection and Management Flow Diagram 

 
This section provides a general discussion of the analysis and assessment of the measurement data, with 
an emphasis on instrument performance indicators and vadose zone response indicators.  If necessary to 
better represent subsurface conditions, performance indicators may be revised in the future in response to 
measured background data.  The data will be summarized in reports that will include tabular and 
graphical summaries of the monitoring data.  The reports will identify any potentially significant 
anomalies that may require attention.   

6.3.1 Instrument Performance Indicators and Contingencies 

Performance indicators to evaluate instrument functionality are presented.  Unmet performance indicators 
may be a result of real unexpected subsurface conditions, data-transmittal error, post-processing error, or 
instrument malfunction.  In the case of unexpected subsurface conditions, the performance indicators may 
require adjustment after baseline data are collected.  For instances when performance indicators are not 
met, suggested troubleshooting methods are presented as are contingencies.  Table 6.2 summarizes the 
performance indicators outlined in this section. 
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Table 6.2.  Instrument Performance Indicators 

Monitoring Method Monitoring Component Performance Indicator 
0.75 ≤ SDR ≤ 1.25  Neutron Moisture 

Probe Soil-Water Content (θv) PSCSC ×±= 98.0  
Capacitance Probe Soil-Water Content (θv) 0 ≤ θv ≤ θs 

Heat Dissipation Unit Soil-Water Pressure (ψ) -100 m ≤ ψ ≤ -1 m  
Heat Dissipation Unit Soil Temperature (Tsoil) 0°C ≤ Tsoil ≤ 30°C 

Drain Gauge Annual Soil-Water Drainage 
(D) 0 ≤ D ≤ Pannual  

Rain Gauge Precipitation (P) Annual value is within ±50%  
HMS measured P  

Thermister Air Temperature (Tair) Annual average is within ±5%  HMS Tair 
SDR—standard deviation ratio of neutron count 
SC—standard count 
PSC—previous standard count 
Pwinter—precipitation from November through March 
θs—saturated water content 
 
Neutron Moisture Probe 
Indicators of neutron-probe performance can be acquired using a standard count analysis.  A standard 
count is to be taken before neutron logging as described in Section 2.1.  From this analysis, the ratio of 
the measured standard deviation to the ideal standard deviation, also called the chi-squared test, is 
calculated and for a properly functioning probe should be between 0.75 and 1.25.  If the ratio consistently 
falls outside these limits, then the probe may be experiencing problems.  In addition, the new standard 
count should be within the previous standard count ±0.98 times the square-root of the previous standard 
count.  A standard count outside of this range is an indication that the probe may not be functioning 
correctly.    
 
Appendix A and B of the CPN International users manual (CPN International) and the CHG procedure 
guide (Ross 2007) provide a list of error messages and their meanings as well as a troubleshooting guide.  
In addition to the information provided in this document, troubleshooting should include evaluating the 
post processing of the data to verify that the error does not exist in this step.  If problems with the neutron 
probe are not correctable, another neutron probe may be used.   
 
Capacitance Probe 
 
The capacitance-probe performance can be examined using published information (e.g., from the Hanford 
vadose zone hydrogeology data package by Last et al. 2006).  The saturated moisture content value serves 
as the upper-boundary indicator for capacitance-probe-measured moisture content.  Alternatively, a 
moisture content of zero is set as the lower boundary indicator for the probe.  Measurements of 
capacitance-probe moisture content that fall outside these established boundaries may be considered 
suspect.  Because of subsurface heterogeneities, property uncertainties, and calibration errors, 
capacitance-probe performance will be reevaluated after sufficient baseline capacitance probe data are 
acquired. 
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If the capacitance-probe measurements do not meet the indicators specified, follow the suggested 
troubleshooting steps presented in Appendix B to identify the problem.  If the problem still cannot be 
solved, remove the capacitance probe from its access tube and visually inspect the probe for damage and 
moisture accumulation.  Replace sensors on the probe and test, and/or bring the probe in from the field for 
additional examination and possible repair.   

 
If the above steps do not produce a reasonable result, a new probe can be installed using the existing 
access tube.   
 
Heat Dissipation Unit 
 
Soil-water pressures over the depth of measurement should not be greater than zero, indicating full 
saturation.  However, there is no minimum for soil-water pressure theoretically.  In this monitor plan, the 
HDU measurement range of soil-water pressure, from -1 m to -100 m, is used as the performance 
indicators.  Because of subsurface heterogeneities and property uncertainties, HDU performance will be 
reevaluated after sufficient baseline capacitance probe data are acquired.     
 
A 50-year monitoring record of soil temperature (Hoitink et al. 2005) in a bare surfaced gravelly sand soil 
near the HMS provides a range and of soil temperatures to expect in T tank farm.  At the 0.9-m depth, the 
Hoitink et al. (2005) data show that hourly extremes at this site were a minimum temperature of 0.1 °C 
and a maximum of 29.6 °C.  Given the observed results, soil-temperature measurements at a 1-m depth or 
deeper should not exceed 30°C and should not be less than 0°C.  After baseline HDU data are acquired, 
this performance indicator may be adjusted based on the HDU measurements. However, depending on the 
color, the surface barrier may transmit heat into the sub-surface soil that may exceed 30C. So, it is 
expected that thermal regime under the surface barrier may be quite different than that outside the barrier.    
   
If the HDU soil-water pressure or soil temperature measurements do not meet the indicators specified, 
follow the suggested troubleshooting steps presented in Appendix B to identify the problem.  If the above 
steps do not produce a functioning probe, the installation of new HDUs may be necessary.   
 
Drain Gauge 
 
In the region without a barrier, drainage should not exceed the annual precipitation for that year, unless 
there is focused flow to the drain gauge due to either a rapid snowmelt event in winter, or possibly a berm 
failure at the edge of the poly sheet, potentially causing a surface flood after a torrential rainstorm 
(extreme event).  Both conditions are highly unlikely but rapid snowmelt has caused flooding of tank 
farm surfaces in the past and this condition needs to be recognized.  The lower bound of drainage is zero, 
which means no flux at all.  
 
If the drain-gauge measurements do not meet the indicators specified, confirm if the output from the drain 
gauge when receiving a voltage excitation is between an appropriate range and follow the suggested 
troubleshooting steps presented in Appendix B to identify the problem.  If the problem still cannot be 
solved, apply water to the calibration line to see if a flushing event is observed.   

 
If the above steps do not produce a functioning gauge, a new drain gauge may need to be installed. 
 
 



 

 6.7

Precipitation and Air Temperature   
 
Performance bounds for the rain-gauge and air-temperature sensors are set relative to those at the HMS.  
For calendar year 2004, the most recent year that Hanford climate data are documented, annual 
precipitation and annual average temperature measured at the 200W monitoring station varied -35.3% and 
-1.3%, respectively, from those measured at the HMS (Hoitink et al. 2005).  Using this information, the 
annual precipitation data measured at T tank farm should not vary more than ±50% of the HMS 
precipitation.  Likewise, the T tank farm annual average air-temperature data should not vary greater than 
±5% of the HMS-measured annual average temperature. 
 
If the rain-gauge or air-temperature measurements do not meet the indicators specified, follow the 
suggested troubleshooting steps presented in Appendix B to identify the problem.  If the problem of the 
rain gauge still cannot be solved, apply water to the rain gauge to see if a tipping event is observed.   

 
If the above steps do not produce a functioning gauge or thermister, the instrument may be removed and 
sent to the manufacturer for repair, or a new instrument may need to be installed. 

6.3.2 Vadose Zone Response Indicators 

Vadose zone response will be monitored by examining systematic changes of subsurface conditions over 
time as represented by time-history trends at the monitoring locations.  The trends in subsurface 
conditions beneath the interim surface barrier will be used to help answer whether the surface barrier 
significantly and adequately reduces the downward flux of soil water relative to background conditions.  
The monitoring plan calls for the direct measurement of downward soil-water flux using drain gauges and 
indirect measurements using soil-water content and soil-water pressure data.   
 
The drain gauges at Nests A and B were installed at the soil surface and measure the drainage at 0.6 m 
below the soil surface.  The time-history trend of soil-water content below the surface barrier will provide 
additional information about the effectiveness of the surface barrier in reducing soil-water flux.  An 
effective surface barrier will produce, on average, a drying soil profile beneath the surface barrier, 
representing a decrease in soil-water flux.  Decreasing soil-water flux will also be portrayed by decreasing 
soil-water pressure relative to baseline conditions.  However, it is pointed out that, at very shallow depth, 
the soil can be completely dry in the summer time when the surface barrier will be emplaced.  Then, a 
redistribution of soil water below the surface barrier will occur, and soil moisture will move upward from 
the wetter soil at deeper depths to the drier soil in shallow depth until a new equilibrium condition is 
established. 
 
A clear vadose zone response indicator is a near-surface instrument response after precipitation or snow 
melt events.  Adequate surface-barrier performance should result in no observable increases in moisture 
content, drainage, or soil-water pressure (less negative) immediately after precipitation or snow-melt 
events.  Such instrument responses would indicate percolating water and general surface-barrier failure, 
provided the instruments are functioning. 
 
A secondary component of surface barrier performance is the potential advective movement and buildup 
of water vapor immediately beneath the low-permeable surface barrier.  Condensation of the water vapor 
would result in increased soil-water content immediately below the surface barrier.  The vaporization-
condensation process does not indicate any problem of the surface barrier because there is no net gain or 
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loss of water mass across the barrier. The seasonal water movement that might observed by the 
capacitance probe monitoring, will most likely be due to thermally induced vapor and liquid flow as 
described above and it is expected that this fluctuation will persist for the life of the barrier.  The 
magnitude of the water content changes and the depth of penetration depend on the soil type and initial 
water content of the soil, but for typical Hanford conditions it should not extend deeper than a few 10s of 
cm into the subsurface. 
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7.0 Quality Assurance 

To verify the quality of the project, the organization performing the monitoring will be required to have a 
project management plan (PMP) and a quality assurance plan (QAP).  Quality specialists will provide 
quality assurance support for the project.  Project members will be required to follow the PMP and QAP.  
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Appendix A: Heat Dissipation Unit Probe Normalization and 
Calibration Procedures 

This procedure is adapted from HDU normalization and calibration procedures discussed in Scanlon et al. 
(2002) and Flint et al. (2002). 
 
Normalization 
 

1. Place oven dried desiccant and one or more HDUs in a sealed container and allow to equilibrate 
for a minimum of 24 hours.  If the HDU ceramic has been previously wetted, the HDU is best 
dried in an oven not to exceed 60°C.     

2. Measure temperature rise a HDU using the same heat source current and heating time to be used 
for the field measurements.  This is the temperature rise for dry ceramic (ΔTd). Repeat Step 2 for 
other HDUs. 

3. Place one or more HDUs in deaired water and allow to equilibrate for a minimum of 24 hours. 
4. Remove a HDU from water and immediately measure HDU temperature rise using the same heat 

source current and heating time to be used for the field measurements.  This is the temperature 
rise for saturated ceramic (ΔTw). Repeat Step 4 for other HDUs. 

 
Calibration 

1. Wet soil to desired soil water pressure condition.  Wet soil by thoroughly mixing soil and added 
water.  The amount of water needed to obtain a specified soil water pressure condition can be 
approximated with prior knowledge of the soil’s soil water characteristics curve and the mass of 
soil. 

2. Obtain a minimum of two tensiometers to provide an independent reading of soil water pressure. 
3. Pack wetted soil, HDUs and tensiometers into a bucket of five gallons or larger.  A minimum of 

three HDUs should be used to obtain the calibration. 
4. Seal the top of the bucket to reduce evaporative water loss from the soil. 
5. Measure HDU temperature rise using the same heat source current and heating time to be used for 

the field measurements. 
6. Measure tensiometer pressure. 
7. Once HDU temperature rise and tensiometer pressure measurements stabilize, record tensiometer 

pressure and HDU temperature rise.  This is one calibration point.    
8. Repeat steps 1 through 7 with a different soil water content until all desired calibration points are 

obtained.  Obtain a minimum of three calibration points.  The calibration points should span the 
anticipated HDU measurement range in the field.   

9. Fit appropriate calibration curve to paired soil water pressure and normalized HDU data points. 
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Appendix B: Suggested Troubleshooting Procedures 

If measurements from an instrument or a sensor do not meet the indicators specified, the following 
suggested troubleshooting steps should be taken in the order presented.  Note that troubleshooting Steps 1 
through 3 are performed outside the tank farm.  If Steps 1 through 3 do not resolve the issue, entrance into 
the tank farm is required for further troubleshooting. 

1. Review the post processing procedure to verify that the error does not reside in this step. 

2. Check the battery voltage data for power supply. 

3. Check the datalogger program for potential program error. 

4. Manually download the data from the datalogger to confirm that the data error is not created 
during remote data transmittal to the server. 

5. Check the datalogger ports to confirm that they are functioning. 

6. Inspect the wiring and connections at the datalogger for disconnections or wiring wear. 

7. Inspect the wiring coming out of the top of the probe for disconnection or wiring wear. 

8. Test the wiring from the probe to the datalogger for continuity. 
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