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1.0 OBJECTIVES AND SCOPE

The U.S. Department of Energy (DOE) Office of River Protection (ORP) has constructed interim 
surface barriers over portions of the T, TY, and SX Tank Farms.1  The barriers divert meteoric 
water away from contaminated vadose zone soils within the tank farms.  Infiltration of water into 
subsurface soils with pre-existing contamination can accelerate the mobilization of contaminants 
towards groundwater.  The interim surface barrier at T Tank Farm was completed in 2008, the 
interim surface barrier at TY Tank Farm was completed in 2010, and the interim surface barriers 
at SX Tank Farm were completed in 2019.    

This plan describes the systematic inspections and maintenance of interim surface barriers, as 
well as monitoring of farms covered with interim surface barriers.  This plan is being submitted 
to the Washington State Department of Ecology (Ecology) as required under Hanford Federal 
Facility Agreement and Consent Order (HFFACO) (Ecology et.al. 1989) Milestone M-045-92.  
This plan will be revised, updated, and submitted to Ecology with each new interim surface 
barrier design as required under Ecology et.al. 1989, HFFACO Milestone M-045-92.

2.0 BACKGROUND 

The Hanford Site, located in southeastern Washington State, has 149 underground single-shell 
tanks (SST) that store chemical and radioactive waste.  Interim surface barriers have been 
constructed over portions of the T, TY, and SX Tank Farms.  Each tank farm has a number of 
tanks that are classified as “assumed leakers.”  Further information on these tanks and their 
related infrastructure can be found in the following reports:

 RPP-RPT-55084, Hanford 241-T Farm Leak Inventory Assessment Report
 RPP-RPT-42296, Hanford TY-Farm Leak Assessments Report
 RPP-ENV-39658, Hanford SX-Farm Leak Assessments Report.

The vadose zone, over which all interim surface barriers are constructed, is comprised of a 
portion of the thick, relatively coarse-grained sediments of the middle-designated Ringold 
Formation overlain by the finer-grained sediments of the upper Ringold Formation and the Plio-
Pleistocene unit (also called the Cold Creek Unit), overlain by the coarser-grained sands and 
gravels of the Hanford formation, which are exposed at the surface.  The upper approximately 
12 m (40 ft) of the Hanford formation were locally excavated and then used as backfill around 
the tanks when the SSTs were installed.  Based on the vadose zone properties, interim surface 
barriers are expected to be effective in controlling moisture from precipitation to slow migration 
of contaminants through the vadose zone and reduce peak contaminant concentrations at the 
groundwater (RPP-RPT-47123, Interim Surface Barrier Evaluation Report). 

1 Hanford tank farms, tanks, and equipment all begin with designated prefix ‘241-.’  That prefix is omitted in this 
document to aid readability.
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3.0 T TANK FARM

3.1 T FARM DESCRIPTION

The T Tank Farm was constructed from 1943 to 1944 (RPP-23752, Field Investigation Report 
for Waste Management Areas T and TX-TY).  It is comprised of 12 SSTs with a diameter of 23 m 
(75 ft) and a capacity of 2,006,050 L (530,000 gal); four SSTs with a diameter of 6.1 m (20.0 ft) 
and a capacity of 208,175 L (55,000 gal); waste-transfer lines; leak detection systems; and tank 
ancillary equipment.

The largest known tank leak in the SST system was in 1973 from the loss of tank integrity (leak) 
of Tank T-106 in T Tank Farm.  Many of the contaminants from waste releases still reside within 
the vadose zone beneath the tank farms.  T Tank Farm was chosen for an interim barrier because 
minimizing infiltration of precipitation would reduce the technetium groundwater contamination 
predictions by 1.98 E+5 pCi/L based on RPP-ENV-41309, Criteria for Prioritizing Hanford Site 
Tank Farm Interim Surface Barriers and for Evaluating Their Performance.  T-Farm serves as 
the first of two farms with a barrier constructed (PNNL-16538, T Tank Farm Interim Surface 
Barrier Demonstration – Vadose Zone Monitoring Plan) as part of the Interim Surface Barrier 
Demonstration Project.  

Construction and design specifications of the T Tank Farm interim surface barrier (Figure 1) are 
described in RPP-33431, Design Analysis for T-Farm Interim Surface Barrier (TISB).  Work on 
the barrier began in October 2007 and was completed in April 2008.  Approximately 0.3 m (1 ft)
of thick compacted soil was added to the original ground surface before the barrier was 
emplaced.  Above the compacted soil is a 0.6-cm (0.25-in.)-thick polyurea/geotextile as the 
impermeable barrier.  The barrier dips slightly to the north to enable precipitation to drain along 
a lined runoff ditch to a runoff infiltration area.  The barrier was designed to focus on the vadose 
zone contamination associated with the Tank T-106 leak, notably addressing over 90% of the 
volume and the majority of contaminants of released waste in T Tank Farm (HNF-EP-0182, 
Waste Tank Summary Report for Month Ending April 30, 2020).

Performance monitoring instruments in T Tank Farm collect data that is used to determine if the 
soil under the barrier is drying out.  These instruments are grouped into four nests (TA, TB, TC, 
TD).  Each nest includes a neutron probe access tube, a capacitance probe with five sensors, and 
four heat dissipation units (HDU). The TA nest is located outside the barrier footprint and serves 
as a control.  The TB nest is located on the barrier edge, and nests TC and TD are located 
completely inside the barrier footprint.  These three instrument sites monitor soil moisture 
content under the barrier footprint.  Nests TA and TB were installed in late fiscal year (FY) 2006 
and monitoring was initiated in September 2006.  Nests TC and TD were installed in FY 2007 
and monitoring was initiated in May 2008.  
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Figure 1.  T Tank Farm Interim Surface Barrier

3.2 T FARM SYSTEMATIC INTERIM BARRIER 
INSPECTIONS AND MAINTENANCE 

The purpose of the interim barrier inspections and maintenance program is to ensure effective 
prevention of moisture intrusion under the barrier over the 25-year service life.  

3.2.1 Visual Inspections

Visual inspections are conducted quarterly.  Engineering uses visual inspection sheets to note 
maintenance issues. Examples of past maintenance issues have been cracks in the barrier, 
pooling water, blockages within the water runoff ditch, or issues with the infiltration basin
accumulating tumbleweeds.  Once completed, the inspection sheets are uploaded into the 
Integrated Document Management System under the work order for which they are completed.  
Visual inspection sheets are part of the preventative maintenance activities performed to 
maintain the 25-year lifespan of the barriers.  The inspection sheets for T barrier can be searched 
by the preventative maintenance number: PMID No. WT-106304.  

3.2.2 Interim Measures Inspections and Maintenance

In addition to quarterly visual inspections, the environmental group conducts surveillances and 
schedules maintenance on an annual basis to maintain engineering controls installed to reduce 
infiltration of precipitation into contaminated soils.  These controls minimize the spread/transfer 
of contamination.  Surveillance and scheduled maintenance activities are captured using Site
Form A-6007-352, “Annual Environmental Interim Measures Maintenance Plan Inspection.”  
Items checked per TFC-PLN-14, Waste Information Data System Surveillance and Maintenance
Description are listed. 

E
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 Confirm their ability to divert water runoff without failure.

 Verify that there are no obvious subsidence, voids, animal burrows, or low spots.

 Confirm adequate rock/gravel (e.g., Rip Rap) surface rather than dirt/sand.

 Verify culverts are free of large cracks, washouts, missing sections, and ensures pipe lap
joints are not obviously deficient or inadequate (e.g., damaged, bent, or torn lap seams).

 Confirm that discharge areas are not filled in with sand, tumbleweeds, vegetation, nor
have substantial erosion.

 Identify changes to locations/conditions of installed interim measures controls.

Issues noted during surveillance will be addressed as follows:

Minor items (e.g., removal of sand from a culvert) will be addressed by 
processing a work request and will be assigned resources based on the priority of 
the repair.  Note that environmental related work activities are considered of the 
highest priority for the TOC.  For more significant items a PER will be prepared 
and submitted, a request for an engineering evaluation of the situation will be 
requested and a work request will be generated based on the outcome of the 
engineering evaluation. (TFC-PLN-14)  

3.2.3 Leak Detection, Intrusion Monitoring, and Drywell Logging 
Requirements

RPP-9937, Single-Shell Tank System Leak Detection and Monitoring Functions and 
Requirements Document, identifies leak detection methods, intrusion monitoring methods,
required monitoring frequencies, and the leak/intrusion notification processes for all SSTs except 
for tanks being retrieved.  As no tanks in T Farm are currently being retrieved, RPP-9937 
identifies in-tank monitoring and ex-tank monitoring (e.g., drywell logging) requirements for 
T Farm.  RPP-9937 was written to meet Ecology et al. 1989, HFFACO Milestones M-023-23 
and M-023-24.  Due to the document being under revision, the reader is referred to RPP-9937 for 
the most current in-tank and ex-tank monitoring requirements applicable to T Farm.

3.3 SYSTEMATIC PERFORMANCE MONITORING

3.3.1 Barrier Performance Monitoring

Nest TA was placed in an area outside of the interim surface barrier at T Farm to serve as a 
control.  Control nests needed to be at least 5 m (16 ft) away from the closest edge of the surface 
cover to prevent measurable impacts from the cover (PNNL-16538).  Nest TB is at the edge of 
the barrier to monitor the edge effect of the barrier on the soil-water regime. TC and TD nest 
sites are fully located within the barrier footprint.  TC and TD locations were determined to be at 
least 5 m (16 ft) from the closest edge of the interim surface barrier and between two or more 
tanks where the largest change of soil water content (θ), and hence water flux, is expected with 
the emplacement of the interim surface barrier.

Vertically, the monitoring depths of the nests at T Farm are 1 m (3 ft), 2 m (7 ft), 5 m (16 ft), and 
10 m (33 ft) below ground surface (bgs).  Considering that upon the emplacement of the interim 
surface barrier the changes of soil moisture are more significant in shallower depths, more 
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intensive and frequent measurements are taken at shallow depths.  Monitoring the soil deeper 
than the backfill is routinely done using the neutron access tubes, which extend into the 
undisturbed Hanford formation below the tanks.    

To date, the monitoring data indicates that the interim surface barriers are continuing to curtail 
recharge of water to the vadose zone and reducing the impact of meteoric water on soil-moisture 
conditions.  Additional data analysis and graphs on the impact of the barriers to the vadose zone 
moisture monitoring can be found in Appendix A of this document. 

Since FY 2017, no data from the capacitance probe nests have been utilized.  The capacitance 
probe data is not presented in this document, and the data are not used in current analyses 
because capacitance probes have a short operational life expectancy of one to two years 
(RPP-PLAN-49187, 241-SX Tank Farm North Interim Surface Barrier Monitoring Plan).

The monitoring approach uses the monitoring nest data from quarterly data downloads and the 
Hanford Meteorological Station records to evaluate the effectiveness of the interim surface 
barrier at T Farm.  PNNL-19772, T-TY Tank Farm Interim Surface Barrier Demonstration –
Vadose Zone Monitoring Plan, summarizes the six variables monitored, the monitoring methods, 
and the monitoring frequency.  Table 1 (below) shows the revised monitoring frequency 
established and approved in RPP-RPT-53570, Technical Basis for Soil Moisture and Soil Pore 
Pressure Head Measurement Frequency Reduction at T and TY Farm Interim Surface Barriers.

Neutron-moisture-probe measurements are performed manually at 0.3-m (1-ft) intervals to the 
depths of the access tubes following the neutron probe measurement procedure documented in 
TO-320-022, “Operate Model 503DR Ml HP-2 or Ml HP-3 Hydroprobe Neutron Moisture 
Gauge.”  The monitoring nest data logger controls and stores the measurement data of moisture 
content from capacitance sensors, soil-water pressure and soil temperature from HDUs, 
precipitation from the rain gauge, and air temperature from the thermistor.

Annual monitoring reports are published, and data included in the report is gathered from the 
previous fiscal year.  Moisture data collected in FY 2018 can be viewed in Appendix A of this 
monitoring plan.   

Table 1.  Data Collection Methods and Approximate Frequency 
Under Normal Working Conditions (2 pages)

Monitoring Variable Monitoring Methoda
Monitoring 
Frequency

Data Logger 
Download Frequencyb

Soil-Water Content Neutron Moisture Probe Twice Annually Not applicable

Soil-Water Content Capacitance Probec Twice Daily

Quarterly

Soil-Water Pressure and 
Soil Temperature

Heat Dissipation Unit Daily

Air Temperature Thermistor Hourly

Precipitation Rain Gauge Hourly
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Table 1.  Data Collection Methods and Approximate Frequency 
Under Normal Working Conditions (2 pages)

Monitoring Variable Monitoring Methoda
Monitoring 
Frequency

Data Logger 
Download Frequencyb

a) All measurements except the neutron probe are controlled by data loggers and taken automatically.
b) Based on RPP-RPT-53570.
c) Capacitance probes are not functional and are no longer being used.

Due to the age of the monitoring system, some of the instrumentation is no longer functional 
(e.g., HDUs for nests TA and most of the capacitance probes).  The causes for functional 
problems with the capacitance probes and HDUs were:  interruptions to the system; other 
operations (e.g., barrier activity); poor wire connections (e.g., due to corrosion occurrence); 
instrument failure; and/or data logger overload.  Table 2 shows the status of instrument 
functionality. Because the monitoring systems have fulfilled their intended purpose and show 
the interim surface barriers effectively control moisture beneath the barriers, there is no need nor 
are there plans to replace failed monitoring equipment.  Suspect or erroneous data is not reported 
in Appendix A.

Table 2.  T Farm Instrument Functionality

Tank Farm Nest Capacitance Probes Heat Dissipation Units Thermistor Rain Gauges

T TA No Functionality No Functionality No Functionality Not used

TB Full Functionality Full Functionality Full Functionality Not used

TC Partial Functionality Full Functionality Full Functionality Not used

TD Partial Functionality Full Functionality Full Functionality Not used

3.3.2 Tank Leak Assessments

Anomalous data was reported for T-102 and T-105 so a formal Tank Leak Assessment was 
initiated in 2009.  Leak assessments on Tanks T-102 and T-105 were completed in FY 2018.  
The results of in-tank and ex-tank monitoring are reported in RPP-ASMT-55500, Leak 
Assessment Report for Tanks 241-T-102 and 241-T-105, and are summarized in Appendix A.    

3.3.3 Annual Monitoring Report

Results of the data collected at T Farm as part of the maintenance and monitoring of interim 
barriers are reported in Appendix A.  The results may be included as part of the monitoring plan 
(such as this one) or as a separate report.

The data in this report will include: 

- A short description of each barrier farm, runoff area, and barrier surface located within
the farm.

- Results of quarterly visual inspections .

- Results of maintenance performed/scheduled (if applicable).
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- Barrier moisture monitoring data and trend tables or graphs.

- Barrier farm tank leak assessments (if applicable).

- Research on new barrier technology (if applicable).

4.0 TY TANK FARM 

The TY Tank Farm was built from 1951 through 1952 and is comprised of six SSTs with a 
diameter of 23 m (75 ft) and a capacity of 2,870,000 L (758,000 gal); waste-transfer lines; leak 
detection systems; and tank ancillary equipment (RPP-23752).  

TY Farm was selected for an interim surface barrier because it ranked in the top five for 
groundwater impacting technetium plumes in RPP-ENV-41309.  At TY Farm, five out of the six 
tanks are classified as assumed leakers.  Leak assessment results are reported in 
RPP-RPT-61279, Single-Shell Tank Farm Leak Inventory Assessments Summary. With only six 
tanks, TY Farm is smaller than most and has minimal surface obstructions, which made the farm
readily accessible for interim barrier placement.  Interim surface barrier installation at the TY 
Tank Farm also occurred as part of the Interim Surface Barrier Demonstration Project
(PNNL-16538 and PNNL-19772). 

Construction of the TY Tank Farm interim surface barrier began in February 2010 and was 
completed in September 2010.  Figure 2 shows the barrier in place at TY Farm.  The barrier 
consists of a 10-cm (4-in.)-thick layer of modified asphalt over a base layer to collect 
precipitation.  Collected water flows by gravity to two collection points at the west side of the 
barrier and from there to an evapotranspiration basin:  from there, therunoff water evaporates, is 
used by local vegetation, or is transpired.   

TY Tank Farm has two nests (TYA, TYB).  Each nest includes a neutron probe access tube, a 
capacitance probe with five sensors, and four HDUs.  Nests TYA and TYB were installed in 
FY 2010, and monitoring was initiated in March 2010.  Monitoring nest instruments collect
moisture data that determines whether the soil under the barrier is drying out.  These results will 
be routinely published in the annual interim surface barrier monitoring report. 
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Figure 2.  TY Tank Farm Interim Surface Barrier

4.1 TY FARM SYSTEMATIC INTERIM BARRIER INSPECTIONS AND 
MAINTENANCE

The purpose of the interim barrier inspections and maintenance program is to ensure effective 
prevention of moisture intrusion under the barrier over the 25-year service life.

4.1.1 Visual Inspections

Visual inspections are conducted quarterly, which are a requirement listed in PMID-BAS-4241, 
Maintenance Program System Analysis and Technical Basis. Additionally the TY Farm interim 
surface barrier has an evapotranspiration basin.  Maintenance and inspection requirements for the 
basin are included in RPP-PLAN-49651, Maintenance Guidance Manual for Tank Farm Interim 
Barrier Evapotranspiration Basins.  Engineering uses visual inspection sheets to note issues with 
the barrier or basin.  These inspection sheets are uploaded into the Integrated Document 
Management System under the work order for which they are completed.  Visual inspection 
sheets are part of the preventative maintenance activities performed to maintain the 25-year 
lifespan of the barriers.  The inspection sheets for TY barrier can be searched by the preventative 
maintenance number: PMID No. WT-107279.

4.1.2 Interim Measures Inspections and Maintenance

In addition to quarterly visual inspections, the environmental group conducts surveillance and 
schedules maintenance on an annual basis to maintain engineering controls installed to reduce 
infiltration of precipitation into contaminated soils.  These controls minimize the spread/transfer 

N
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of contamination.  Surveillance and scheduled maintenance activities are captured on Site Form 
A-6007-352, “Annual Environmental Interim Measures Maintenance Plan Inspection.”  Items
checked per TFC-PLN-14 are listed.

 Confirm their ability to divert water runoff without failure.

 Verify that there are no obvious subsidence, voids, animal burrows, or low spots.

 Confirm adequate rock/gravel (e.g., Rip Rap) surface rather than dirt/sand.

 Verify culverts are free of large cracks, washouts, missing sections, and ensures pipe lap
joints are not obviously deficient or inadequate (e.g., damaged, bent, or torn lap seams).

 Confirm that discharge areas are not filled in with sand, tumbleweeds, vegetation, nor
have substantial erosion.

 Identify changes to locations/conditions of installed interim measures controls.

Issues noted during surveillance will be addressed as follows, 

Minor items (e.g., removal of sand from a culvert) will be addressed by 
processing a work request and will be assigned resources based on the priority of 
the repair.  Note that environmental related work activities are considered of the 
highest priority for the TOC.  For more significant items a PER will be prepared 
and submitted, a request for an engineering evaluation of the situation will be 
requested and a work request will be generated based on the outcome of the 
engineering evaluation. (TFC-PLN-14)  

4.1.3 Leak Detection, Intrusion Monitoring, and Drywell Monitoring 
Requirements 

RPP-9937 identifies leak detection, intrusion monitoring, and required monitoring requirements 
for all SSTs, except for tanks being retrieved.  As no tanks in TY Farm are currently being 
retrieved, RPP-9937 identifies in-tank monitoring and ex-tank monitoring (e.g., drywell logging) 
requirements for TY Farm.  RPP-9937 was written to meet Ecology et al. 1989, HFFACO
Milestones M-023-23 and M-023-24.  The reader is referred to RPP-9937 for the most current in-
tank and ex-tank monitoring requirements applicable to TY Farm.

4.2 SYSTEMATIC PERFORMANCE MONITORING

4.2.1 Barrier Performance Monitoring

Nest TYA was placed outside of the interim surface barrier at TY Farm to serve as a control.  
Control nests needed to be at least 5 m (16 ft) away from the closest edge of the surface cover to 
prevent measurable impacts from the cover. The other nest site at TY Farm is TYB, which is 
located within the barrier footprint.  The location of TYB was determined to be at least 5 m 
(16 ft) from the closest edge of the interim surface barrier and between two or more tanks where 
the largest change of soil water content (θ), and hence water flux,was expected after the 
emplacement of the interim surface barrier.

Vertically, the monitoring depths of the nests at TY Farm are 1 m (3 ft), 2 m (7 ft), 5 m (16 ft), 
and 10 m (33 ft) bgs.  Considering that upon the emplacement of the interim surface barrier the 
changes of soil moisture are more significant in shallower depths, more intensive and frequent 
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measurements are taken at shallow depths.  Monitoring the soil deeper than the backfill is 
routinely done using the neutron access tubes, which extend into the undisturbed Hanford 
formation below the tanks.    

To date, the monitoring data indicates that the interim surface barriers are continuing to curtail 
recharge of water to the vadose zone and reduce the impact of meteoric water on soil-moisture 
conditions.  Additional data analysis and graphs on the impact of the barriers to the vadose zone 
moisture monitoring can be found in Appendix A of this document. 

Since FY 2017, no data from the capacitance probe nests have been utilized.  The capacitance 
probe data is not presented in this document and the data are not used in current analyses because 
capacitance probes have a short operational life expectancy of one to two years 
(RPP-PLAN-49187).

The monitoring approach uses the monitoring nest data from quarterly data downloads and the 
Hanford Meteorological Station records to evaluate the effectiveness of the interim surface 
barrier at TY Farm.  PNNL-19772 summarizes the six variables monitored, the monitoring 
methods, and the monitoring frequency. Table 3 (below) shows the revised monitoring frequency 
established and approved in RPP-RPT-53570.

Neutron-moisture-probe measurements are performed manually at 0.3-m (1-ft) intervals to the 
depths of the access tubes following the neutron probe measurement procedure documented in 
TO-320-022.  The monitoring nest data logger controls and stores the measurement data of 
moisture content from capacitance sensors, soil-water pressure and soil temperature from HDUs, 
precipitation from the rain gauge, and air temperature from the thermistor.

Annual monitoring reports are published, and data included in the report is gathered from the 
previous fiscal year.  Moisture data collected in FY 2018 can be viewed in Appendix A of this 
monitoring plan.   

Table 3.  Data Collection Methods and Approximate Frequency 
Under Normal Working Conditions

Monitoring Variable Monitoring Methoda
Monitoring 
Frequency

Data Logger 
Download Frequencyb

Soil-Water Content Neutron Moisture Probe Twice Annually Not applicable

Soil-Water Content Capacitance Probec Twice Daily

Quarterly

Soil-Water Pressure and 
Soil Temperature

Heat Dissipation Unit Daily

Air Temperature Thermistor Hourly

Precipitation Rain Gauge Hourly

a) All measurements except the neutron probe are controlled by data loggers and taken automatically.
b) Based on RPP-RPT-53570.
c) Capacitance probes are not functional and are no longer being used.
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Due to the age of the monitoring system, some of the instrumentation is no longer functional 
(e.g., HDUs for nest TYB and most of the capacitance probes).  The causes for functional 
problems with the capacitance probes and HDUs were:  interruptions to the system; other 
operations (e.g., barrier activity); poor wire connections (e.g., due to corrosion occurrence); 
instrument failure; and/or data logger overload.  Table 4 shows the status of instrument 
functionality. Because the monitoring systems have fulfilled their intended purpose, and show 
the interim surface barriers effectively control moisture beneath the barriers, there is no need nor 
are there plans to replace failed monitoring equipment.  Suspect or erroneous data is not reported 
in Appendix A.

Table 4.  TY Farm Instrument Functionality

Tank Farm Nest Capacitance Probes Heat Dissipation Units Thermistor Rain Gauges

TY TYA Partial Functionality Partial Functionality Full Functionality Not used

TYB No Functionality No Functionality No Functionality Not used

4.2.2 Tank Leak Assessments

No tank leak assessments were completed for TY Farm in FY 2018.  

4.2.3 Annual Monitoring Report

Results of the data collected at TY Farm as part of the maintenance and monitoring of interim 
barriers are reported in Appendix A.  The results may be included as part of the monitoring plan 
(such as this one) or as a separate report.

The data in this report will include: 

- A short description of each barrier farm, runoff area, and barrier surface located within
the farm.

- Results of quarterly visual inspections.

- Results of maintenance performed/scheduled (if applicable).

- Barrier moisture monitoring data and trend tables or graphs.

- Barrier farm tank leak assessments (if applicable).

- Research on new barrier technology (if applicable).

5.0 SX TANK FARM 

The SX Farm is comprised of fifteen 100-series carbon steel SSTs encased in a reinforced 
concrete shell built during 1953  1954.  Each of the tanks has a diameter of 23 m (75 ft) and a 
capacity of 3,785,000 L (1 million gal).  Included in the farm are also waste-transfer lines, leak-
detection systems, and tank ancillary equipment. 

SX Farm was evaluated in the Resource Conservation and Recovery Act groundwater quality 
assessment of 1996 because of elevated specific conductance and high-levels of technetium-99 in 
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down gradient monitoring wells (WHC-SD-EN-AP-191, Assessment Groundwater Monitoring 
Plan for Single Shell Tank Waste Management Area S-SX).

A leak assessment of all SSTs in SX Farm was conducted in 2008/2009, and results are
documented in RPP-ENV-39658.  The assessment confirmed or revised waste loss volumes for 
all fifteen SSTs, including the ten SX Farm SSTs previously suspected of releasing waste to the 
ground. Based on this assessment, and formal tank leak assessments for SX-104 (RPP-ASMT-
63062, Leak Assessment Report for Tank 241-SX-104 Interstitial Liquid Level Anomaly 2017) 
and SX-110 (RPP-ASMT-47140, Tank 241-SX-110 Leak Assessment Report), seven of the 
fifteen tanks in the SX Tank Farm are currently designated as assumed leakers (HNF-EP-0182). 
Additionally at SX Farm, six drywells are logged on a semi-annual basis: 41-05-07, 41-05-08, 
and 41-06-05 on the north panel; and 41-11-05, 41-11-06, and 41-14-02 on the south panel.  
Monitoring system plans for the south and north panels are found in RPP-PLAN-48439, 241-SX 
Tank Farm South Interim Surface Barrier Monitoring Plan, and RPP-PLAN-49187.

The SX Tank Farm was selected to receive a barrier following completion of the barrier 
demonstration projects at T and TY Farms.  SX Farm was chosen based on the estimated 
reduction of groundwater impacts from technetium-99 in the vadose zone if a barrier was
installed at SX Tank Farm (RPP-ENV-41309).  SX South and SX North barriers were the first 
and second barriers required under Ecology et al. 1989, HFFACO Milestone M-045-92.  During 
construction, SX Farm also received an additional barrier north of the north barrier, referred to as 
the SX Expansion Barrier.  The expansion allowed all fifteen tanks in SX Farm to be covered 
under one contiguous interim barrier.   

To monitor barrier performance, the south and north panels at SX Farm each have a monitoring 
nest that started collecting data in August of 2019.  The south panel nest consists of two HDU 
monitoring installations - one HDU installed to a depth of 5 m (16 ft) and another HDU installed 
to 20 m (66 ft) in depth.  The 5-m-deep HDU array installation includes HDU probes installed at 
depths of approximately 1 m (3 ft), 2 m (7 ft), 3 m (10 ft), and 5m (16 ft).  The 20 m (66 ft) HDU 
array installation includes probes installed at depths of approximately 10 m (33 ft), 15 m (49 ft), 
and 20 m (66 ft).  The north panel monitoring nest has a 10-m (33-ft) HDU array with HDUs 
located at depths of approximately 1 m (3 ft), 3 m (10 ft), 5 m (16 ft), and 10 m (33 ft).  The data
from these nests will be reported in the 2020 annual interim barrier monitoring report.   

Figure 3 below shows the completed interim barrier at SX Farm. Construction consisted of 
building three modified asphalt interim surface barriers over SX Farm, and the three interim 
surface barriers were completed in 2019. The first barrier is the SX South Barrier which entirely 
covers Tanks SX-110 through SX-115. The second barrier is the SX North Barrier which covers 
all of Tanks SX-107 through 109, and the southern portions of Tanks SX-104 through SX-106.  
The SX Expansion Barrier covers Tanks SX-101 through SX-103 and the northern portions of 
Tanks SX-104 through SX-106. The three barriers cover all the SSTs in SX Farm to reduce the 
movement of vadose zone contamination toward the groundwater. 
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Figure 3.  SX Tank Farm Interim Surface Barrier

5.1 SX FARM SYSTEMATIC INTERIM BARRIER 
INSPECTIONS AND MAINTENANCE

The purpose of the interim barrier inspections and maintenance program is to ensure effective 
prevention of moisture intrusion under the barrier over the 25-year service life.  

5.1.1 Visual Inspections

Visual inspections are conducted quarterly, a requirement listed in PMID-BAS-4241.  
Additionally the SX Farm interim surface barrier has an evapotranspiration basin.  Maintenance 
and inspection requirements for the basin are included in RPP-PLAN-49651.  Engineering uses
visual inspection sheets to note issues with the barrier or basin.  These inspection sheets are 
uploaded into the Integrated Document Management System under the work order for which 
they are completed.  Visual inspection sheets are part of the preventative maintenance activities 
performed to maintain the 25-year lifespan of the barriers.  The inspection sheets for SX barrier 
can be searched by the preventative maintenance number: PMID No. WT-202894.  

5.1.2 Interim Measures Inspections and Maintenance

In addition to quarterly visual inspections, the environmental group conducts surveillance and 
schedules maintenance on an annual basis to maintain engineering controls installed to reduce 
infiltration of precipitation into contaminated soils.  These controls minimize the spread/transfer 
of contamination.  Surveillance and scheduled maintenance activities are captured on Site Form

N
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A-6007-352, “Annual Environmental Interim Measures Maintenance Plan Inspection.”  Items
checked per TFC-PLN-14 are listed.

 Confirm their ability to divert water runoff without failure.

 Verify that there are no obvious subsidence, voids, animal burrows, or low spots.

 Confirm adequate rock/gravel (e.g., Rip Rap) surface rather than dirt/sand.

 Verify culverts are free of large cracks, washouts, missing sections, and ensures pipe lap
joints are not obviously deficient or inadequate (e.g., damaged, bent, or torn lap seams).

 Confirm that discharge areas are not filled in with sand, tumbleweeds, vegetation, nor
have substantial erosion.

 Identify changes to locations/conditions of installed interim measures controls.

Issues noted during surveillance will be addressed as follows:

Minor items (e.g., removal of sand from a culvert) will be addressed by 
processing a work request and will be assigned resources based on the priority of 
the repair.  Note that environmental related work activities are considered of the 
highest priority for the TOC.  For more significant items a PER will be prepared 
and submitted, a request for an engineering evaluation of the situation will be 
requested and a work request will be generated based on the outcome of the 
engineering evaluation. (TFC-PLN-14)  

5.1.3 Leak Detection, Intrusion Monitoring, and Drywell Logging 
Requirements

RPP-9937 identifies leak detection, intrusion monitoring, and required monitoring requirements 
for all SSTs, except for tanks being retrieved.  As no tanks in SX Farm are currently being 
retrieved, RPP-9937 identifies in-tank monitoring and ex-tank monitoring (e.g., drywell logging) 
requirements for SX Farm.  RPP-9937 was written to meet Ecology et al. 1989, HFFACO
Milestones M-023-23 and M-023-24.  The reader is referred to RPP-9937 for the most current in-
tank and ex-tank monitoring requirements applicable to SX Farm.    

5.2 SYSTEMATIC PERFORMANCE MONITORING

5.2.1 Barrier Performance Monitoring

Vertically, the monitoring depths of the nests at SX Farm are at 1 m (3 ft), 2 m (7 ft), 3 m (10 ft), 
5 m (16 ft), 10 m (33 ft), 15 m (49 ft), and 20 m (66 ft) bgs.  Considering that upon the 
emplacement of the interim surface barrier the changes of soil moisture are more significant in 
shallower depths, more intensive and frequent measurements are taken at shallow depths.  The 
two monitoring nest probes located at SX Farm lie within backfill material in order to track soil 
moisture changes for a longer period of time.    

Due to their recent installation, there is no data for the SX monitoring nests included in 
Appendix A of this monitoring plan.  Capacitance probes at SX Farm were also not installed due 
to their short operational life expectancy of one to two years (RPP-PLAN-49187).  
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The monitoring approach at SX Farm is the same as at T and TY Farms in that it uses the 
monitoring nest data from quarterly data downloads and the Hanford Meteorological Station
records to evaluate the effectiveness of the SX interim surface barrier.  PNNL-19772 summarizes 
the six variables monitored, the monitoring methods, and the monitoring frequency.  

Table 5 (below) shows the revised monitoring frequency established and approved in 
RPP-RPT-53570.

Neutron-moisture-probe measurements are performed manually at 0.3-m (1-ft) intervals to the 
depths of the access tubes following the neutron probe measurement procedure documented in 
TO-320-022.  The monitoring nest data logger controls and stores the measurement data of 
moisture content from capacitance sensors, soil-water pressure and soil temperature from HDUs, 
precipitation from the rain gauge, and air temperature from the thermistor.

Annual monitoring reports are published, and the data included in the report is gathered from the 
previous fiscal year.  Moisture collection was not initiated at SX Farm until FY 2019, therefore 
there is no SX Farm FY 2018 data to view in Appendix A of this monitoring plan.

Table 5.  Data Collection Methods and Approximate Frequency 
Under Normal Working Conditions

Monitoring Variable Monitoring Methoda
Monitoring 
Frequency

Data Logger 
Download Frequencyb

Soil-Water Content Neutron Moisture Probe Twice Annually Not applicable

Soil-Water Pressure and 
Soil Temperature

Heat Dissipation Unit Daily

Quarterly
Air Temperature Thermistor Hourly

Precipitation Rain Gauge Hourly

Soil Water Potential Soil Water Potential 
Sensor

Hourly

a) All measurements except the neutron probe are controlled by data loggers and taken automatically.
b) Based on RPP-RPT-53570.
c) Capacitance probes are not functional and are no longer being used.

Table 6 (below) shows the status of instrument functionality. Because the monitoring systems 
are new, all probes are functioning as expected.

Table 6.  SX Farm Instrument Functionality

Tank Farm Nest
Capacitance 

Probes
Heat Dissipation 

Units Thermistor
Soil Water 

Potential Sensor
Rain 

Gauges

SX
SX1 Not installed Full Functionality Full Functionality No Functionality Not installed

SX2 Not installed Full Functionality Full Functionality No Functionality Not installed
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5.2.2 Leak Assessments

No leak assessments were completed for SX Farm in FY 2018.

5.2.3 Annual Monitoring Report

The format of the annual monitoring report will include the following items:

- A short description of each barrier farm, runoff area, and barrier surface located within
the farm.

- Results of quarterly visual inspections.

- Results of maintenance performed/scheduled (if applicable).

- Barrier moisture monitoring data and trend tables or graphs.

- Barrier farm tank leak assessments (if applicable)..

- Research on new barrier technology (if applicable)

6.0 TX TANK FARM

6.1 BARRIER UPDATE

Per Ecology et al. 1989, HFFACO Milestone M-045-92, DOE completed the design for a TX 
Tank Farm interim surface barrier.  The design for the TX barrier will be approximately 215,000 
ft2 and will cover all 18 of the TX Tank Farm tanks.  Construction material and design will 
resemble the SX barrier and basin installation.  Construction of the TX Tank Farm interim 
surface barrier is required to be complete by October 31, 2021, which was the agreed upon date 
per the milestone change control form M-45-18-03.

7.0 U TANK FARM

7.1 BARRIER UPDATE

U Tank Farm will be the next tank farm to receive an interim surface barrier after TX Tank Farm 
barrier and will be completed under Ecology et al. 1989, HFFACO Milestone M-045-92, which 
was approved in 2018 per the milestone change control form M-45-18-03.  

8.0 CONCLUSION

T and TY Farm were part of a barrier demonstration project that started over 10 years ago.  Data 
recorded from quarterly performance monitoring data downloads and semi-annual neutron 
logging activities have illustrated that the barriers are effective at reducing the vadose zone soil-
moisture content.  Successful installation and performance monitoring of the demonstration 
barriers led to the installation of the first two barriers to be installed at SX Farm in compliance 
with the Ecology et al. 1989, HFFACO Milestone M-045-92.  Additionally a barrier at the TX
Farms has been designed and construction is scheduled to complete by October 31, 2021.  This 
plan will also be updated when the U Farm barrier is approved.  
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To ensure the successful performance of the installed barriers performance monitoring data, 
quarterly visual inspections, interim measures inspections and maintenance, and current barrier 
farm tank leak assessment data will be published in an annual report.    
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A0.1 INTERIM MEASURE RESULTS

A0.1.1 Annual Environmental Interim Measures Maintenance Plan Inspection

The most recent Annual Environmental Interim Measures Maintenance Plan Inspection was 
completed on March 28, 2019.  The inspection sheet (WRPS-MOP-2018-2380, Annual 
Environmental Interim Measures Maintenance Plan (IMMP) Inspection) was discussed with 
Ecology on July 11, 2019, so only a brief summary of key findings are discussed in this report.  
Please note that TY Tank Farm was inaccessible to the assessment team during this time period 
due to access restraints around the Plutonium Finishing Plant.  The only significant observation 
made for a tank farm with an interim barrier during the routine inspection was the following 
(WRPS-MOP-2019-0932, Annual Environmental Interim Measures Maintenance Plan (IMMP) 
Inspection April 2019):

T Tank Farm:  Culvert that crosses 23rd Street is 50 percent blocked with 
tumbleweeds fragments and blow sand; rip-rap inside Plutonium Finishing Plant 
radiological buffer area (RBA) boundary is more than 50 percent silted in, and 
requires cleaning and repair to ensure continuing, adequate drainage capacity.  
The culvert leading into the Evaporation Basin has a partially blocked opening 
into the basin, silt and tumbleweeds need to be removed. 

Following the IMMP inspection, submittal actions were taken to clear the culvert.

A0.1.2 Quarterly Interim Surface Barrier Inspections

The quarterly interim surface barrier inspections use a “meet criteria” versus “does not meet 
criteria” system for reporting the status of the barriers during inspection.  A full list of the 
inspection criteria is found in their respective reports.

Table 7 lists the FY 2018 barrier inspection findings in which the T and TY barriers did not meet 
the inspection criteria.  
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A0.1.3 Looking Forward

DOE is continuing with the following planned actions for FY 2019:

 Performance of an annual environmental interim measures maintenance plan inspection to
occur in the spring of 2020.

Performance of quarterly field inspections for surveillance and maintenance.

A0.2 PERFORMANCE MONITORING RESULTS

Soil moisture conditions were monitored with an array of monitoring nests and neutron probe 
access tubes located beneath and outside of the interim surface barriers.  The principle variables 
monitored for this purpose are soil-water content (θ) and soil-water pressure (ψ) (based on the 
FY 2007 monitoring results and the recommendation from PNNL-17306, T Tank Farm Interim 
Surface Barrier Demonstration—Vadose Zone Monitoring FY07 Report).  (Note: the rain 
gauges have not been used to monitor soil-water flux since FY 2008.)  Each variable reflects one 
aspect of the soil-moisture regime, and their variation is different under different wetness 
conditions.  Measuring two different variables also serves as redundancy in monitoring.  
Secondary variables monitored include soil temperature and meteorological conditions, including 
precipitation and air temperature.  The soil temperature is used to correct the temperature impact 
on soil-water content and soil-water pressure, and along with air temperature, to assess system 
functionality.

PNNL-19772 presents the criteria used to select the various measurement methods, the principles 
of selected methods, part of the instrument calibrations, instrument layout and installation, and 
measurement procedures and frequencies.  PNNL-20144, T-TY Tank Farm Interim Surface 
Barrier Demonstration—Vadose Zone Monitoring FY10 Report, provides a more detailed 

Table 7.  Fiscal Year 2018 Interim Surface Barrier Inspection Findings

Barrier FY Quarter Date Significant Findings*

T 2018 First 11/13/2017 Poly linear not in good condition, linear horizontal to vertical seals 
damaged, seals between linear and walls damaged, drainage ditch inlet 
obstructed by debris.

T 2018 Second 2/12/2018 Poly linear not in good condition, seals between linear and walls 
damaged, drainage ditch inlet and drainage ditch obstructed by debris.

T 2018 Third 5/31/2018 Poly linear not in good condition, linear horizontal to vertical seals 
damaged, seals between linear and walls damaged.

T 2018 Fourth 8/22/2018 Poly linear not in good condition, linear horizontal to vertical seals 
damaged, seals between linear and walls damaged.

TY 2018 First 11/13/2017 Subsidence discovered – breaking open the asphalt to allow for 
infiltration.

TY 2018 Second 2/12/2018 Tumbleweed accumulation in basin.

TY 2018 Third 5/31/2018 Tumbleweed accumulation in basin.

TY 2018 Fourth 8/22/2018 Tumbleweed accumulation in basin.

*As indicated in inspection reports conducted under work orders 377148, 388682, 399342, and 423491 for TY Tank
Farm and work orders 377178, 388681, 399343, 423487 for T Tank Farm.
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discussion of the monitoring instruments, pertinent calibration information, instrument 
installation methods, and data-analysis methodology.

Each monitoring location today uses neutron logging and HDUs to measure soil-moisture 
variation and is evaluated annually.  These monitoring locations represent variations in 
background conditions not influenced by the presence of a barrier.  Monitoring nest TA, located 
outside of the barrier footprint, showed an increase in soil-water content.  Monitoring nest TB, 
located at the edge of the barrier, showed a decrease in soil-water content.  Monitoring nests TC
and TD, located within the barrier footprint, showed a decrease in soil-water content.  Nest TYA, 
located outside the barrier, showed an increase in soil-water content.  Monitoring nests at SX 1 
and SX 2 are both located within the barrier footprint, but not enough data has been collected to 
determine a significant pattern. 

The age of the monitoring system often results in anomalous data, and this data cannot be used 
for analysis (e.g., HDUs for nests TA and TYB).  The causes for anomalous data for capacitance 
probe and HDUs were:  interruptions of the system; other operations (e.g., barrier activity); poor 
wire connection (e.g., due to corrosion occurrence); instrument failure; and/or data logger 
overload.  

Table 8 shows the status of instrument functionality.  There are currently no plans to replace 
malfunctioning instruments or install new monitoring nests.

Table 8.  Instrument Functionality

Tank Farm Nest Capacitance Probes Heat Dissipation Units Thermistor

T TA No Functionality No Functionality No Functionality 

TB Full Functionality Full Functionality Full Functionality

TC Partial Functionality Full Functionality Full Functionality

TD Full Functionality Full Functionality Full Functionality

TY TYA Full Functionality Full Functionality Full Functionality

TYB No Functionality No Functionality No Functionality 

A0.2.1 Neutron Moisture Geophysics Results

To assess the barrier impact on soil-water conditions based on the neutron probe measurements, 
the soil-water content was averaged at drywell locations over 3.1-m (10.2-ft) intervals and also 
over the whole profile.  The changes in soil water content (θ) between FY 2008 and FY 2018 for
T Tank Farm barrier nests and between FY 2010 and FY 2018 for TY Tank Farm barrier nests
are shown in Figure 4 and Table 9.  Outside the barrier at nest TYA, over the whole profile (from 
ground surface to depth 15.2 m [49.9 ft]), the change in soil-water content was positive, 
indicating the soil moisture increased.  The changes were almost all negative at the nests under 
the barrier, meaning that the soil became drier during this period.  On average, over the whole 
profile (from ground surface to 15.2 m [49.9 ft] bgs), the negative change under the barriers was 
approximately 1 vol% in nests TC, TD, and TYA.  The negative change on the edge of the 
barrier (nest TB) over the whole profile was approximately 0.5 vol%.
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Figure 4.  Depth-Averaged Neutron Probe-Measured Soil-Water Content Changes

Table 9.  Depth-Average Neutron Probe-Measure Soil-Water Content Changes

Tank 
Farm

Monitoring 
Nest

Water Content Change (vol%)

0.6 to 3.1 m 3.4 to 6.1 m 6.4 to 9.1 m 9.4 to 12.2 m 12.2 to 15.2 m 0.6 to 15.2 m

T

TA -0.14 -0.42 -0.36 -0.83 0.60 -0.23

TB -1.74 0.05 -0.54 0.16 -0.44 -0.48

TC -1.48 -0.91 -1.33 -0.68 -0.41 -0.95

TD -1.65 -1.29 -0.92 -0.46 -0.56 -0.96

TY
TYA 0.01 1.60 2.11 0.14 1.47 1.09

TYB -0.26 -1.46 -1.63 0.28 -1.12 -0.85

The analysis represented in Figure 4 and Table 9 was generated from two pairs of neutron 
logging events carried out per the monitoring plan (PNNL-16538; PNNL-19772); each event pair 
consists of one event in T Tank Farm and one event in TY Tank Farm.  Figure 5 through 
Figure 10 show the measured soil-water content.  For all nests, there was little variation of the 
soil-water content observed between each logging event, except at nests TYA and TYB.  It is 
suspected that anomalies are the result of errors made in the recording of the data in the field by 
technicians.  Soil-water content is only represented once for nests TA and TB, these results are 
from the March event as indicated in the respective figures.  
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Figure 5.  Monitoring Nest TA (A) Historical and (B) Fiscal Year 2018 Neutron Probe 
Measured Soil-Water Content at Different Depths
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Figure 6.  Monitoring Nest TB (A) Historical and (B) Fiscal Year 2018 Neutron Probe 
Measured Soil-Water Content at Different Depths
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Figure 7.  Monitoring Nest TC (A) Historical and (B) Fiscal Year 2018 Neutron Probe 
Measured Soil-Water Content at Different Depths
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Figure 8.  Monitoring Nest TD (A) Historical and (B) Fiscal Year 2018 Neutron Probe 
Measured Soil-Water Content at Different Depths
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Figure 9.  Monitoring Nest TYA (A) Historical and (B) Fiscal Year 2018 Neutron 
Probe Measured Soil-Water Content at Different Depths
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Figure 10.  Monitoring Nest TYB (A) Historical and (B) Fiscal Year 2018 Neutron 
Probe Measured Soil-Water Content at Different Depths
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A0.2.2 Heat Dissipation Unit Probe Results

Figure 11 shows the soil-water pressure measured by the HDUs at nests TB, TC, TD, and TYA 
after temperature correction.  The soil-water pressure head data at the interim surface barrier 
demonstrates the ability of the barrier to reduce soil moisture by limiting recharge.  In areas 
where the barrier has little effect, the results are best approximated by a net annual slope of zero.  
However, nests TC and TD demonstrate a net negative trend that continues with time, indicating 
a continued reduction in moisture within the pore space.  Finally, nest TYB stopped collecting 
data in June 2017.  Without nests to collect data from underneath the barrier for direct 
comparisons it is difficult to the assess effectiveness of the barriers.  Overall, it does appear that 
the data collected from beneath interim surface barriers still indicate decreasing moisture year to 
year.  Meanwhile, outside the interim surface barriers, the moisture concentrations fluctuate with 
seasonal precipitation events.

Figure 11.  Heat Dissipation Unit-Measured Soil-Water Pressure Head Change

The annual average soil-water pressure changes from FY 2008 to FY 2018 at nests TB, TC, and 
TD located in T Tank Farm and FY 2010 to FY 2018 at TYA located in TY Tank Farm are 
shown in Figure 11.  No data is available for nests TA and TYB due to instrument failure.  For 
nests TB, TC, and TD, the soil-water pressure at the 1-m (3-ft), 2-m (7-ft), and 5-m (16-ft) 
depths decreased, indicating that the soil beneath the barrier became drier at these depths; the 
changes in soil-water pressure (ψ) at the 10-m (33-ft) depth were relatively small because the 
drainage water from shallower depths continues to move into the soil at this depth.  Nest TYA, 
outside the barrier, shows only a minor increase that is expected outside the barrier cover.

A0.2.3 Leak Assessments Completed in FY 2018 for Tanks at Barrier Farms

The integrity of Tanks T-102 and T-105 was assessed using TFC-ENG-CHEM-P-57, “Intrusion 
Notification and Tank Leak Assessment Process,” due to elevated cesium-137 readings in 
drywell 50-02-05.  This drywell is located halfway between the two tanks and was evaluated 
closely during the T-102 and T-105 tank leak assessment process.  The results of the leak 
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assessment are reported in RPP-ASMT-55500.  The conclusion was there was no change in the 
determination, and these tanks are both classified to be sound SSTs.  

A0.2.4 New Barrier Technology 

No new barrier technologies were evaluated for FY 2018.

A0.2.5 Looking Forward

In FY 2019, ORP will continue with the revised monitoring frequency established and approved 
in RPP-RPT-53570 as indicated in Table 2.  In FY 2019, these monitoring actions will include 
the SX Tank Farm interim surface barrier monitoring nests; however, the data collected will be 
limited due to their activation in summer 2019.

A0.2.6 Conclusion

The monitoring data has been collected for over a ten-year timespan, and the trend continues to 
indicate that the barriers are reducing the impact of meteoric water on the surface soil-moisture 
conditions.  The data obtained from the HDUs demonstrates a reduction in the soil-retained 
moisture.  The other data from the neutron logging indicate a reduction in the magnitude of 
variability caused by seasonal increases in precipitation. This change is most notable in the 
shallower depths under the barrier footprint.  


	20-TF-0069_Letter printed
	20-TF-0069_Attachment
	RPP-RPT-61684-01-02-20200722100156068_1.docx
	RPP-RPT-61684-01-02-20200722100156068_2.pdf
	RPP-RPT-61684-01-02-20200722100156068_3.docx




