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1 Introduction 
 
The Waste Isolation Pilot Plant (WIPP), located near Carlsbad, New Mexico, was 
established for the safe disposal of defense-generated transuranic waste. One important 
repository operation of the WIPP is the closure of waste disposal panels.  Each panel 
consists of access drifts and seven rooms (Figure 1).  The closure of individual panels 
during the operational period must be accomplished within conditions stated in the 
Hazardous Waste Facility Permit (HWFP). 
 
The original panel closure system design is contained in a report entitled “Detailed 
Design Report for an Operational Phase Panel-Closure System” (DOE, 1996).  This 
report was attached to the HWFP Application as Attachment I1.  The HWFP issued in 
October 1999 reflects Option D as described in DOE, 1996, with certain changes in the 
Technical Specifications.  Option D consists of a 12 foot long explosion isolation wall 
and a concrete monolith.  The explosion isolation wall was intended to provide isolation 
from the temperature and pressure effects of a methane gas explosion during installation 
of the monolith portion of Option D. 
 
A Class 3 Permit Modification Request (PMR) for a revision of the panel closure system 
design has been submitted.  The revised WIPP Panel Closure (WPC) system 
(DOE, 2002) consists of a 30 foot long mortared concrete block, explosion isolation wall 
and 100 feet of run of mine salt backfill.  The implementation of the WPC design 
requires submittal and approval of this PMR for the HWFP, and was determined through 
discussions with the New Mexico Environment Department (NMED) and interested 
parties that a period of up to five years may be required to complete the PMR process.   
 
Waste disposal operations in Panel 1 finished in early March 2003 and a Class 1* PMR 
was submitted in November 2002 requesting an extension of time to perform closure of 
Panel 1 while NMED acted upon the Class 3 PMR.  In the Class 1* PMR, it was 
proposed to emplace the 12 foot explosion isolation wall component of the Option D 
design that is in the current HWFP using 5000 psi concrete blocks.  A December, 2002 
report entitled “Assessment of the Short-term Stability of the 12 Foot Explosion Isolation 
Wall” which included a structural analysis of the stability of the walls in Panel One for a 
period of 5 years was provided in support of the Class 1* PMR.  The Class 1* PMR was 
approved in December 2002 for a period of 5 years and explosion isolation walls were 
built to the configuration in the current HWFP using the mortared 5000 psi concrete 
block specifications from the WPC design.  NMED has since stated that it will not be 
able to complete the PMR process for the revised Panel Closure system within the initial 
five year period.   
 
This report extends the structural analysis of the walls to ten years after installation.  In 
addition, the performance to date of the wall is also analyzed and incorporated into the 
assessment. 
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Figure 1.  Panel 1 layout with wall locations.
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2 Stability Assessment 
 
The American Concrete Institute (ACI) publication ACI 318, Building Code and 
Commentary, provides guidance for Strength Evaluation of Existing Structures in Part 6, 
Chapter 20.  The ACI Code allows for extended service life of a concrete structure if it is 
periodically re-evaluated.  The ACI calls for performing load testing, numerical analyses, 
and monitoring to determine the acceptability for service of existing structures such as 
the temporary explosion walls constructed for the closed WIPP underground panels.  
Because of the difficulties involved in monitoring the physical performance of the walls, 
for example coring them to obtain stress measurements, the assessment is essentially 
limited to analyses and field monitoring.  However, the detailed and comprehensive 
specifications, the intensive construction inspection, and external verification give 
confidence that necessary calculations can be performed based on actual field conditions. 
 
2.1 Stress Analysis 
 
The purpose of performing a stress analysis is to evaluate the interaction of the explosion 
isolation wall with the surrounding salt.  Stresses are expected to develop in the wall due 
to continued creep closure of the air-intake and air-exhaust drifts after installation of the 
wall.  The wall may also be subjected to stresses from a postulated methane explosion. 
 
2.1.1 Previous Modeling 
 
For the 2002 analysis, detailed two-dimensional axisymmetric representations of the 
explosion isolation wall were developed using the FLAC (Itasca, 2000) computer code.  
The models did not account for the local geologic features such as clay seams and the 
thick anhydrite MB139 in the floor.  The effects of nearby excavations, such as Room 1, 
were also ignored.  Finally, the wall was modeled as a cylinder equivalent to its true 
shape.  These simplifications were necessary because development and execution of a 
three-dimensional model was not practical or economic at that time. 
 
Three cases were run for the 2002 exercise with different loadings as called for by the 
ACI Ultimate Strength Design Method (ACI 318-02).  The results of these cases showed 
that while some failure occurs on the exposed surfaces of the explosion isolation wall, the 
wall maintains a sizeable intact confined core in every case. 
 
2.1.2 New Modeling 
 
In the current exercise, FLAC3D (Itasca, 2004) was used to develop three-dimensional 
representations of the walls and the surrounding excavations.  The as-built locations of 
the walls in the South 1600 and South 1950 drifts were used.  Clay seams E, G, and H 
were modeled along with Marker Bed 139.  The rest of the rock was modeled as halite.  
Because the continued stability of an existing structure is assessed, only the service load 
(in-situ loading) case was run for each wall. A strength reduction factor of 0.8 was used, 
as in the previous models.  The nominal postulated methane explosion based on likely 
gas accumulation in a closed panel (DOE, 2002) was applied to each wall at five and ten 
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years after wall installation.  Figures 2 and 3 show the geometry of the South 1950 and 
South 1600 drift wall models. The models use the same material properties presented in 
Appendix C of the WPC report. 

 
Figure 2.  South 1950 wall model extents. 
 

 
Figure 3.  South 1600 wall model extents. 
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2.1.2.1 New Model Results 
 
The results from the new models are similar to those of the 2002 cases.  After wall 
installation, stress builds up over several years as the creep pressures increase.  Plots of 
maximum principal stress at each end and in the center of the walls are shown in Figures 
4 and 5.  Stresses on the outside edges of the walls are higher than at the center due to 
edge effects.  Figures 6 to 11 show plasticity shear failure state in the walls.  In the 
figures the walls are cut on east-west cross-sections through the center of the two walls 
and only half the wall is shown for clarity.  The dark blue zones have not failed.  All 
other zones are either failed at the model time shown or have failed in the past.  In all 
cases there is a thin zone of failure near the ribs and free faces that slowly migrates 
inward with time.  Figures 8 and 11 show the state at ten years combined with the 
nominal explosion.  Even in the cases with explosions, more than half the width of the 
walls remains intact after ten years.  Also note that the conditions for three years after 
installation closely match field observations as discussed in Section 2.2. 
 
Because more than half the width of the walls is still intact after ten years, the model 
results indicate that the wall will continue to perform its design functions for at least ten 
years after installation.   
 

 
 
Figure 4.  Maximum principal stress histories at the center of the wall (wallst), center of 
the west face (wallstw) and center of the east face (wallste). 
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Figure 5.  Maximum principal stress histories at the center of the wall (wallst), center of 
the west face (wallstw) and center of the east face (wallste) 
 

 
 
Figure 6.  Shear failure in South 1950 wall three years after installation. 
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Figure 7.  Shear failure in South 1950 wall seven years after installation. 
 

 
 
Figure 8.  Shear failure in South 1950 wall with explosion at ten years after installation. 
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Figure 9.  Shear failure in South 1600 wall three years after installation. 
 

 
 
Figure 10.  Shear failure in South 1600 wall seven years after installation. 
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Figure 11.  Shear failure in South 1600 wall with explosion at ten years after installation. 
 
 
2.2 Assessment of Field Data 
 
To assess the stability of existing concrete structures, ACI recommends regular 
observation and tracking of fractures on the surface of the structures.  The location and 
aperture of all fractures on the wall should be noted.  The ACI code states that any 
indication of shear displacement along the fractures should be noted as this is indicative 
of potential failure. 
 
At an inspection held on May 22, 2006, the walls were found to have minor cracking at 
some corners and a few surficial spalls were also noted.  These are most likely a result of 
differential loading caused by a non-perfect initial contact and would be expected to 
stabilize quickly after the initial cracking occurred.  Otherwise, the walls show no signs 
of bulging or spalling away from the edges.  On the basis of direct observations, the walls 
appear to be in near pristine condition with no signs of failure. 
 
Closure data from radial convergence (RC) points near the wall indicate that the walls are 
in a state of equilibrium with the rock.  After a settling in period of a few months (during 
which the edge cracks probably formed as the block to rock interface was established), 
rock displacement rates near the wall have remained steady since wall installation.  These 
steady convergence rates (i.e. the lack of variation or trend toward increasing 
convergence) indicate that there is little if any change in the load that is borne by the wall 
as opposed to the rock pillars, which again is an indication that there has been no wall 
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failure to date.  Figures 12 to 15 show closure data from the field compared to FLAC3D 
model results. 
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Figure 12.  Field and model vertical convergence from RC 5’ west of S1950 wall 
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Figure 13.  Field and model horizontal convergence from RC 5’ west of S1950 wall. 
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Figure 14.  Field and model vertical convergence from RC 5’ west of S1600 wall. 
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Figure 15.  Field and model horizontal convergence from RC 5’ west of S1600 wall. 
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The fracture and closure field data indicate that the wall currently is stable.  After three 
years there is only superficial damage.  This indicates that the wall is meeting or 
exceeding its designed performance.  The model results for the wall state at three years 
after installation are very similar to the field performance, only showing superficial 
damage at that time.  The current field performance of the wall supports the conclusion 
from the model results that the wall will remain stable for at least ten years total.  
However, the field data should be regularly reassessed to ascertain that this remains true.   
 
 
3 Monitoring 
 
Until such time as final closures are installed, the walls should be regularly inspected and 
re-evaluated by a professional engineer.  This can be incorporated into the Geotechnical 
Engineering monitoring programs using existing procedures for fracture mapping and RC 
reading.  Reporting of the inspections can also be incorporated into existing periodical 
Geotechnical Engineering reports such as the “Geotechnical Analysis Report.” 
 
 
4 Conclusions 
 
This report assesses performance to date and the likely future performance of the 
explosion isolation walls for Panel 1 over a period of up to ten years using the ACI 
guidance for assessing the stability of existing concrete structures.  The explosion 
isolation walls currently installed in Panel 1 continue to perform their design function and 
are expected to remain stable and perform their intended functions for at least ten years 
total (seven additional years).  Because wall conditions may vary from the model results 
in the future due to unforeseen circumstances, as well as to provide a margin of safety, 
the wall should be re-evaluated within three years --- sooner if field performance varies 
from the past.  The three year period is based on the performance of the wall over the last 
three years.  The wall is therefore accepted through this assessment as competent at this 
time only for three more years, at which point it will be re-evaluated.  Future evaluations 
will likely further extend the life of the wall.  This is based on numerical analyses using 
the as-built conditions and on field measurements and observations.   
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3 Memo on Early Generation of Methane and Hydrogen in Filled Panels at WIPP



 

 

 
 
 
 
 
 
 
November 30, 2006 Our Ref:  063-2213 
 
 
Washington TRU Solutions LLC 
P.O. Box 2078 
4021 National Parks Highway 
Carlsbad, NM 88221 
 
Attention: Mr. Rick Chavez  
 
RE: EARLY TIME GENERATION OF METHANE AND HYDROGEN IN FILLED 

PANELS AT THE WIPP  
 
Dear Mr.Chavez: 
 
This letter addresses expected maximum generation rates for methane and hydrogen in filled panels at 
the WIPP in response to some stakeholder concerns conveyed by the New Mexico Environment 
Department (NMED) during the November 22, 2006 conference call.  Specifically it addresses the 
expected maximum concentrations of these gases five years after waste disposal in a panel is 
complete and ventilation to the panel is stopped.  The generation rates and concentrations discussed 
here are taken from the existing application, supplemented as appropriate by additional publically 
available information. 
 
Methane Concentrations 
 
Analyses included in Appendix I1 of the WIPP Resource Conservation and Recovery Act Part B 
Permit Application, and in Appendix PCS of the 1996 Compliance Certification Application, show 
the potential build up of methane in the closed panels for gas generation rates of 0.01 and 0.1 moles 
per drum per year, assuming that 70% of the gas generated by microbial degradation is methane.  
Based on these calculations the concentration of methane for the 0.1 mole per drum per year 
generation rate will only reach 1% after 5 years, or 20% of the lower explosion limit (LEL) for 
methane in an atmospheric oxygen environment.   
 
The 0.1 mole per drum per year rate is based on expected gas generation rates under inundated 
conditions where the rooms are filled with brine.  It is not anticipated that these inundated conditions 
will exist in the first five years after shutting off ventilation to the panel, as evidenced by the lack of 
significant moisture in open rooms, or in rooms which have been shut-off from ventilation during 
panel filling.  Expected generation rates under humid conditions are about one order of magnitude 
slower1.   
 

                                                      

1 US Department of Energy, Carlsbad Field Office, “Compliance Recertification Application, Appendix PA, Attachment PAR,” March 
2004 
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Gas generated by microbial action is expected to contain at least as much inflammable CO2 as 
methane.  A series of gas generation experiments under simulated WIPP conditions have been carried 
out at Brookhaven National Laboratory.  These experiments subjected simulated waste materials to 
microbial degradation under simulated WIPP conditions.  Early time data showed that after 853 days 
the major gas generated was CO2, and no methane was detected2.  Later results showed that after 
1228 days methane had still not been produced.  Minor amounts of methane were detected in some 
samples after 2718 days3. 
 
Based on this experimental evidence, and the use of a high generation rate in the calculations included 
in Attachment I1 of the permit application, it is apparent that the calculated value of 1% methane 
concentration after 5 years is extremely conservative. 
 
Hydrogen Concentrations 
 
Recently WTS has evaluated the potential for hydrogen generation by radiolysis, based on an analysis 
of the Panel 3 inventory, and generation rates obtained from head-space hydrogen data from actual 
containers prior to shipping4.  These lead to a conservative estimate for the potential rate of hydrogen 
generation by radiolysis, and by extension to the maximum potential hydrogen concentrations in an 
unventilated panel.  Using these rates, which equate to about 0.397 litres of hydrogen per drum per 
year, leads to a maximum potential hydrogen concentration from radiolysis of about 0.75% after 
3 years, or 1.2% after 5 years.  This is about 25% of the LEL for hydrogen in an atmospheric oxygen 
concentration.   Hydrogen can also be generated by anoxic corrosion of steel in the wastes and the 
drums.  However it is anticipated that anoxic conditions will take some time to develop and hydrogen 
is not generated by oxic corrosion.  It should also be noted that rapid corrosion requires inundated 
conditions which, as discussed above, are also not expected to occur within the first five years... 
 
Data on hydrogen concentrations for actual WIPP waste have been obtained by a series of gas 
generation experiments conducted at Argonne National Laboratories – West5.  These experiments 
were run under inundated conditions, and under anoxic conditions established by pressurizing the 
containers with nitrogen.  After about 5 ½ years the hydrogen concentrations in the containers were, 
less than 1% with the exception of one container which did show a value of 4.2%.  It should be 
emphasized that these experiments were run under both anoxic and inundated conditions, which are 
not expected in the first five years after shutting off the ventilation to a panel. 
 
It therefore has been determined that even under the most conservative assumptions of generation 
rates, and neglecting any affects of diffusion, the hydrogen concentrations after 5 years will be less 
than 1%, or 25 % of the LEL. 
 

                                                      

2 Francis, A.J., J.B. Gillow and M.R. Giles, “Microbial Gas Generation Under Expected WIPP Repository Conditions,” SAND96-2582, 
March 1997. 

 
3 Gillow, J. and A. J. Francis, “Microbial Gas Generation under Expected WIPP Repository Conditions, Final Report, Rev 0”, Draft Report, 

Brookhaven national Laboratory, October 6, 2003  
 
4 Washington TRU Solutions LLC, “Estimation of Hydrogen Generation rates from Radiolysis in WIPP Panels”, letter report from M. 

Devarakonda (WTS) to Daryl Mercer (CBFO), July 26, 2006 
 
5 Felicione, F. S., K. P. Carney, C. C. Dwight, D. G. Cummings, and L. E. Foulkrod, “Gas-Generation Experiments For Long-Term Storage 

of TRU Wastes at WIPP,” Waste Management  ‘03 Conference, February 23-27, 2003, Tucson, AZ 
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Conclusions 
 
Existing calculational data and actual experimental results indicate that even under the most 
conservative assumptions methane and hydrogen concentrations in a filled and unventilated panel will 
not exceed between 1% and 1.2% for methane and hydrogen, respectively, in more than five years.  
These values represent 20% and 30% of the individual LELs, respectively, and 50% of the combined 
LEL. 
 
Sincerely, 
 
GOLDER ASSOCIATES INC. 
 
 
 
 
T. William Thompson, Ph.D.  
Principal 
 
 
cc: Steve Kouba, WRES 
 




