
1

July 9, 2007

Eric D. Vugrin

Sandia National Laboratories

Thomas B. Kirchner

Carlsbad Environmental Monitoring & Research Center

Uncertainties Affecting MgO Effectiveness 
and Calculation of the 

MgO Effective Excess Factor 
for the Waste Isolation Pilot Plant

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin 
Company,

for the United States Department of Energy’s National Nuclear Security Administrationunder 
contract DE-AC04-94AL85000. This research is funded by WIPP programs administered by 

the Office of Environmental Management (EM) of the U.S Department of Energy.

SAND2007-3729C



2

Magnesium Oxide (MgO) and the WIPP

• MgO is engineered barrier for the WIPP
– Reacts with CO2

– Repository models assume complete consumption of CO2

• 1.67 moles of MgO placed in WIPP per mole of 
carbon
– Excess factor (EF) = 1.67

• DOE wants to emplace EF = 1.2 

Hydration of MgO
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Problem Statement

Given the uncertainties involved with modeling 
the WIPP, can we be confident that  emplacing an 
EF equal to 1.2 be sufficient to consume all CO2

and, thus, maintain chemical conditions as 
assumed in WIPP models?
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Outline

• Role of MgO at the WIPP

• Uncertainties affecting MgO effectiveness

– Gas generation

– Quantities of available MgO

– Rate of CO2 consumption by MgO

• Effective Excess Factor

• Results & Conclusions
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Role of MgO at WIPP

• WIPP is a disposal facility 
for transuranic (TRU) 
waste

– Operated by DOE

– Regulated by EPA

• Some waste materials 
contain carbon

• Microbes could consume 
carbon and produce CO2

• MgO emplaced to react 
with CO2
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Gas Generation

• Assumption: all 
organic C is 
consumed
– EPA requirement

• Uncertainties include
– Quantities of emplaced 

carbon

– Microbial respiration 
pathways
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MgO Availability

• Characteristics of 
MgO
– Variability in reactivity

– Variability in emplaced 
mass of MgO

• Repository processes
– Brine outflow

– Roof collapse

– Rupture of MgO sacks



8

Rate of CO2 Consumption

• Formation of magnesium carbonates

– Hydromagnesite vs. magnesite

• Consumption of CO2 by other materials

– Iron, lead, lime

• Incorporation of carbon into biomass
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The MgO Effective Excess Factor (EEF)

• Individual uncertainties quantified

– As random variables (when possible)

– Via assumption

• EEF defined to assess combined impact of 
individual uncertainties

– EEF is function of several random variables

– EEF > 1 implies all CO2 will be consumed

2

2

moles of CO  consumedquantity of available MgO

quantity of CO  generated 1 mole MgO
EEF  
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Results: EEF Distribution

Mean = 1.60   SD = 0.082

P(EEF < 1) < 1x10-19 when EEF is 
modeled as lognormal
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Summary and Conclusions

• Major uncertainties affecting MgO effectiveness 
were identified

• Uncertainties were quantified as random 
variables when possible

• Cumulative impact of the uncertainties on MgO 
effectiveness was quantified in the MgO EEF

• Analysis indicates that there is a high probability 
that emplacing an EF=1.2 will be more than 
sufficient to consume all CO2


