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1.0 PURPOSE 
Structural performance of the disposal units will have a long-term effect on the performance of 
the LLRW disposal facility cover and liner systems. The performance of structures used in the 
disposal units will be monitored to verify design assumptions and to confirm that actual 
performance is within the acceptable range. 

There are four parameters that will be monitored as part of the Structural Performance 
Monitoring Plan (SPMP). They are strain in the concrete barrier, settlement in the final cover, 
concrete joint movement, and moisture content of the performance cover. The performance of 
modular concrete canisters are not directly measured but are measured indirectly though 
measuring the settlement of the final cover. 

In the event that a parameter exceeds the limiting value in this plan, a remedial action will be 
implemented, according to the Structural Performance Remedial Action Plan (SPRAP), provided 
as Appendix 4.4-2. 

2.0 REGULATORY REQUIREMENTS 
TCEQ rule 30 TAC §336.730(b) states “Wastes designated as containerized Class A, Class B, or 
Class C under §336.362(a) of this title or §336.702 of this title (relating to Definitions) shall be 
disposed of in the following manner: 

(2) in such a manner that the waste can be monitored and retrieved; 

TCEQ recommends the use of guidance offered by NUREG/CR-5041 Vol. 2 and NUREG-1200 
for monitoring the structural performance of the structure holding containerized Class A, Class 
B, and Class C wastes. It should be noted that all of NUREG/CR-5041 Vol. 2 and the portions of 
NUREG-1200 that discuss structural performance monitoring were created specifically for either 
Below-Ground Vaults or Earth-Mounded Concrete Bunkers, neither of which are being utilized 
at the WCS LLRW disposal site. Therefore, it is important to consider this and exercise caution 
in applying the guidance from these NUREGs.  

Structural performance monitoring as discussed in this appendix will also provide reasonable 
assurance that the Performance Objectives of 30 TAC 336.723 are met. 

3.0 PLAN OBJECTIVES 
The primary objectives of the SPMP are as follows: 

(a) Verify the adequacy of facility design and facility operations that are intended to long-
term isolation and limit effluent releases. Structural monitoring is intended to enable 
tracking of the impacts that site activities may have on the performance of the structural 
components of the disposal units. Also, this plan will provide information to show that 
the performance objectives presented in the License Application are being met and to 
ensure that any environmental impacts are as low as possible. The Structural Performance 
Monitoring Plan, combined with the other monitoring systems, is be capable of providing 
early warning of potential radionuclide releases of from the disposal facility.  
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(b) Demonstrate compliance within the structural performance limits stated in this appendix. 
Data obtained from monitoring provides quantitative evidence that design assumptions 
and that the performance objectives of 30 TAC 336.727 are being met. 

(c) Provide records for regulatory review. The records of structural performance data will 
serve as a regulatory record throughout the lifecycle of the facility. 

The following figure shows the several monitoring plans that will be in effect throughout the 
lifecycle of the disposal site. 

 
Figure 4.4-1-1. Timeline of Monitoring Plans 

The following list shows where the monitoring plans above can be found in the LLRW 
Application. 

• Environmental Monitoring Plans – Appendix 2.10.1-2, Appendix 2.10.2-2 

• Construction Monitoring Plan – Section 4.4 

• Structural Monitoring Plan – Appendix 4.4-1 

• Closure Monitoring – Appendix 6.1.2-1 

• Post-Closure Monitoring – Appendix 7.1.1 

• Institutional Control Monitoring – Appendix 7.2.2 

The items that will be monitored as part of the SPMP include settlement, concrete joint 
expansion / contraction, strain in the concrete barrier, and moisture in the performance cover. 
The SPMP works in coordination with the SPRAP and the other LLRW monitoring plans for the 
purpose of meeting the objectives of 30 TAC 36.723. 

4.0 RESPONSIBILITIES 
As appropriate, duties will be given to: 

• General Manager 

• Quality Assurance Manager 

• Environmental Safety and Health Director 
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• Health and Safety Manager 

• Environmental and Regulatory Compliance Manager 

• Radiation Safety Officer 

• Operations Manager – Support Operations 

• Operations Manager -Disposal Operations 

• Operations Supervisor 

• Operators 

• Contractors (Excavation, Construction, etc.) 

5.0 MONITORING PARAMETERS 
There are four parameters that will be monitored as part of the SPMP. They are strain in the 
concrete barrier, settlement in the final cover, concrete joint movement, moisture content of the 
performance cover, and moisture content of the vadose zone under the liner system. 

5.1 Strain 
Strains in the concrete barrier will be monitored. These strain instruments will measure 
movement at locations of anticipated maximum stress on the concrete barrier. This will provide a 
means of assessing and monitoring strain in the concrete barrier for comparison with design 
estimates, as well as providing a system that will warn of excessive strain. 

5.2 Settlement 

5.2.1 Settlement of Canister Columns 

Individual stacks of canisters (columns) will be monitored for settlement as they are placed. By 
collecting measurements of settlement of the canister columns, WCS will show that by the time a 
cell is ready to be closed, almost all of the expected settlement will have already occurred. This 
will allow WCS to show that almost all of the settlement after the cell has been closed will be 
limited to the cover layers. This will limit the range of potential avenues of future investigation 
and corrective action. 

5.2.2 Settlement in the Final Cover 

Settlement in the final cover will be monitored. Settlement plates will be placed on the disposal 
site cover during closure activities. The locations of these plates are shown on Drawings C1.33 
and C2.37. By monitoring settlement, the stability of the final cover can be verified. 

5.3 Joint Movement 
Measurements taken across joints in the concrete barrier could warn of excessive movement and 
also predict possible paths of liquid seepage if the movements continue. 
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5.4 Moisture Content in the Performance Cover 
Moisture content of the clay at the bottom of the low-permeability red bed clay performance 
cover will be monitored immediately after it is placed.  

Monitoring wells will be monitored throughout the life of the facility – during the construction 
phase, operation phase, closure phase, post-closure phase and institutional control phase. This 
monitoring activity is covered in the environmental monitoring plans, which are found in 
Appendix 2.10.1-2 and Appendix 2.10.2-2, and therefore will not be covered in this document.  

5.5 Moisture Content in the Vadose Zone Soils 
Moisture content of the soil in the Vadose Zone, also known as the “unsaturated zone” (which 
includes the area directly under the entire disposal units and liner systems) will be to verify that 
the cover and liner systems of the LLRW disposal facilities are functioning as designed so that 
soil in the vadose zone remains in an unsaturated condition. If the soil were to reach a saturated 
condition in an isolated area under one of the disposal trenches, this would indicate a failure in 
the liner system. The main purpose of this system is to provide early warning of a contaminant 
release and aid in scoping the extent of a corresponding corrective action by detecting the 
location of a contaminant release. 

5.6 Erosion 
Erosion will be monitored to verify the conclusions established about the rate of erosion at the 
WCS site in Andrews, Texas. These conclusions are given in Appendix 2.6.1, Attachment 4-3, 
and state that the site is stable and that erosion is not an active process on the site. Monitoring 
erosion will also provide long-term feedback on the stability of the surface soils. 

6.0 MONITORING EQUIPMENT AND INSTALLATION 

6.1 Equipment 
The following equipment will be needed to execute the SPMP: 

• Strain – Strain gauges and associated equipment and portable readout instruments – 
Geokon Inc. model 4210 and GK-403 or equivalent. 

• Settlement – Settlement plates and associated surveying / monitoring equipment – 
standard surveying equipment and settlement plates. 

• Joint Movement – Joint meters and associated equipment and portable readout 
instruments – Geokon Inc. model 4400 and GK-403 or equivalent. 

• Moisture Content in the Performance Cover -- Moisture sensors and associated 
equipment and portable readout instruments – Geokon Inc. model 4500 and GK-403 
or equivalent. 
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• Moisture Content in the Vadose Zone Soils – Neutron probes and electrical impedance 
wire systems will be installed as redundant systems. A datalogger and associated 
equipment will provide data output. 

• Erosion – Erosion pins have already been installed on the site. Additional pin(s) will 
be installed in 2007, and they shall be equal in performance to the existing pins. 

It should be noted that it may be impractical or impossible to repair or replace some of the 
installed instruments as they cease to function. Therefore, the goal of monitoring should be to 
establish a data base during the construction, operations, and closure phase, and into the active 
institutional control period, from which to verify design assumptions and to be able to reliably 
forecast long-term performance (NUREG/CR-5041, Volume 2, Section 2.6.2.2). 

6.2 Installation 
Installation shall be performed by qualified personnel. The personnel installing the monitoring 
devices shall have at least five years working experience with the installation and use of 
structural performance monitoring sensors. 

6.2.1 Strain Gauges 

These will be installed inside of the concrete barrier, 24 inches from the joining of the floor and 
side slope. They will be installed in the center of every cell. Each installation site will contain 4 
gauge locations with two gauges at each location, making eight gauges per installation site. This 
will provide for 100% redundancy. They will be installed directly on the metal wire mesh, on the 
underside of the mesh. 

6.2.2 Settlement Plates 

These will be placed on the final cover, as shown in Drawings C1.33 and C2.37.  

6.2.3 Joint Meters 

These will be installed on construction joints throughout the disposal facilities, at a maximum 
spacing of 50 feet. These gauges will span a construction joint and will measure expansion and 
contraction of the joint. 

6.2.4 Moisture Sensors – Performance Cover 

These sensors will be installed 12 inches above the bottom of the low-permeability red bed clay 
performance cover, near the top of the concrete barrier. They will be installed for every phase of 
cover installation. As each disposal cell is closed, and construction of the cover system proceeds, 
moisture sensors will installed. These sensors will be monitored while the next cell is being 
filled, and once the next cell is close and moisture sensors have been installed, then the 
performance cover of the prior cell will be considered to be functioning properly and the 
moisture sensors in the prior cell will be abandoned. This way, the moisture sensors in only the 
most recently closed cell will be monitored. 
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6.2.5 Moisture Sensors – Vadose Zone 

This monitoring system is installed as direct bury, beneath the low-permeability red bed clay 
liner. The soil directly under the system sensors will be undisturbed. The location of these 
sensors are shown in drawings C1.03, C1.07, C1.08, and C1.09 for the CWF, and drawings 
C2.05, C2.06, C2.10, C2.11, C2.12, C2.16, C2.17, and C2.18 for the FWF.  

6.2.6 Erosion 

The erosion monitoring pins have already been installed. This was done in accordance with 
acceptable industry standard installation procedures. Additional pin(s) are planned to be 
installed, and will be installed in the same manner. 

7.0 MONITORING PLAN DESCRIPTION 

7.1 Monitoring Schedule 
Monitoring will occur according to the following schedule.  
 

Table 4.4-1-1. Schedule for Structural Performance Monitoring 

 Operations / 
Construction 

Closure Post-Closure Institutional 
Control 

Strain  Monthly Monthly Quarterly* Semiannually* 

Settlement Monthly Monthly Quarterly* Semiannually* 

Joint Movement Monthly Monthly Quarterly* Semiannually* 
Moisture – 
Performance Cover 

Monthly n/a** n/a** n/a** 

Moisture – Vadose 
Zone 

Monthly Monthly Quarterly* Semiannually* 

Erosion Quarterly Quarterly Quarterly Quarterly 

* Providing the sensors continue to function properly  
** These sensors are sacrificed as construction proceeds and they function to verify the proper compaction of the 
performance cover. Once this has been verified the sensors are no longer needed (see 6.2.4 of this appendix). 

 

WCS (or the custodial agency) will keep records of the values taken from the sensors. This will 
be done for possible long-term measurement, providing the sensors continue to function 
properly. Also, the frequencies may be altered depending on conditions—more frequently in the 
case of a change in behavior, less frequently in the case of no significant changes over time. 
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7.2 Monitoring Instructions 
• Strain gauges – take a direct reading from the electronic output device  

• Settlement  

o Settlement in Canister Columns – see instructions below in 7.2.1 
o Settlement in the Final Cover – perform a land survey using standard surveying 

equipment 

• Joint Movement – take a direct reading from the electronic output device 

• Moisture Content in the Performance Cover – take a direct reading from the electronic 
output device 

• Moisture Content in the Vadose Zone – take a direct reading from the datalogger 
system 

• Erosion – see instructions below in 7.2.2 

7.2.1 Monitoring Settlement in Canister Columns 

In the FWF-CDU and the CWF, canister columns will be selected at random for settlement 
monitoring. A random number generator will be used to select the canister columns, to ensure 
impartiality. Six canister columns in each cell will be monitored. As soon as the first canister is 
placed, a survey point will be recorded of the elevation of the top of the canister. When another 
canister is placed on top of a monitored canister, a new elevation measurement will be taken 
from the top of the upper canister. Follow-up measurements will occur every thirty days. 
Whenever a new canister is placed on top of a monitored canister, a new elevation measurement 
is taken and the 30-day cycle starts over. Once the leveling fill is placed over the monitored 
columns, monitoring activity ceases. 

7.2.2 Monitoring Erosion 

During a measurement event, every pin at every station will be measured. Using a depth caliper, 
measurements will be taken at four locations using the cardinal directions (north, south, east and 
west) as an approximate guide to the location of each measurement and to ensure that 
approximately the same location is measured in subsequent measuring events. The cardinal 
directions will be approximated with a hand-held Brunton compass or other similar device. 
Measurement will be from the top of the pin to the top of the washer (Figure 3). In the event of 
soil deposition on top of the washer, the measurement will be from the top of the pin to the top of 
the deposited soil.  

Care must be taken not to disturb the washer as the four data points for each pin are likely to 
differ only by a few millimeters. Greater differences in data between north, south, east and west 
measurements may be observed when taking readings on slopes near the edges of the gullies. 
Measurements will be recorded to the nearest 0.01 mm and documented on the Erosion Pin 
Measurement Field Form, an example of which is provided as Attachment A. Three 
measurements will be taken at each location and should be within a 0.02-millimeter tolerance. 
Values recorded outside this tolerance should be discounted and the measurement repeated. 
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Care should be exercised limiting the amount of foot traffic at the five stations. Excess traffic in 
these areas can result in compaction of the soil and produce less than anticipated erosion values 
over the course of the study. 

In the case of accumulation of leaf litter or organic material, care will be exercised in removing 
loose organic material from immediately around the pin and washer area without disturbing the 
apparatus prior to obtaining measurements. If it appears that removing accumulated organics can 
not be accomplished without disturbing the pin apparatus, the condition of the pin and washer 
will be documented with photographs and described in the field notes. Measurements will be 
taken from all other pins in the set as described previously.  

If vegetation is found growing in close proximity to the pins such that measurements cannot be 
made without damaging/removing the vegetation, the condition of the pin and washer will be 
documented with photographs and accompanying descriptions in the field notes. In the event of 
human, animal or other unidentified interference, field notes and photographs will again be used 
to document the interference and the condition of the pin apparatus. 

7.3 Monitoring Action Levels 
The following values indicate an exceedance of acceptable limits: 
 

Table 4.4-1-2. Action Levels for Structural Performance Monitoring 

Parameter Action Level Description 

Strain 0.3%* In-line change in length of reinforcing wire mesh 
in the concrete barrier 

Settlement 0.2 feet** Change in elevation 

Joint Movement 0.1 inch † Expansion or contraction of joint 

Moisture – 
Performance Cover 

Saturated Soil Moisture content is well above expected values, 
and soil has become saturated 

Moisture – Vadose 
Zone 

Saturated Soil Moisture content is well above expected values, 
and soil has become saturated 

Erosion 1/8 inch / year for two 
consecutive years †† 

Soil loss – average for all erosion pins 

* This value is the yield point of the wire mesh and would indicate unacceptable conditions. 
** A FLAC analysis in the license (Appendix 3.4-1) provides a value of 0.1 feet for the anticipated long term 
settlement; therefore this limit is twice the expected value. 
 † This value is considered to be an indication of excessive expansion / contraction and would prompt remedial 
action. 
†† Observing this value would represent a significant amount of erosion, yet would provide ample time to 
implement remedial actions. 
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8.0 STRUCTURAL PERFORMANCE REMEDIAL ACTION 
PLAN 

The remedial actions that are associated with the action levels listed above are given in Appendix 
4.4-2, “Structural Performance Remedial Action Plan.” 
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Figure 4.4-1-2. Erosion Monitoring Pin Locations 




