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ABSTRACT 
 
The Waste Isolation Pilot Plant (WIPP), a repository for defense transuranic (TRU) waste, was 
built and is operated by the U.S. Department of Energy (DOE).  The WIPP Land Withdrawal Act 
(LWA) required initial certification of compliance of the WIPP by the U.S. Environmental 
Protection Agency (EPA).  In addition, a recertification decision is required by the LWA every 
five years, dated from the initial receipt of TRU waste.  The first TRU waste shipment arrived at 
the WIPP on March 26, 1999, and therefore the first recertification application is due from DOE 
to EPA by March 25, 2004. 
 
The Environmental Evaluation Group (EEG) provides technical oversight of the WIPP project on 
behalf of the State of New Mexico.  The EEG considers the first recertification as a precedent 
setting event.  Therefore, the EEG began the identification of recertification issues immediately 
following the initial certification decision.  These issues have evolved since that time, based on 
discussions with the DOE and EEG’s understanding of DOE’s ongoing research.  
 
Performance assessment is required by the EPA certification and its results are needed to 
determine whether the facility remains in compliance at the time of the recertification 
application.  The DOE must submit periodic change reports to the EPA which summarize 
activities and conditions that differ from the compliance application.  Also, the EPA may request 
additional information from the DOE that may pertain to continued compliance.  These changes 
and new information must be considered for recertification performance assessment. 
 
INTRODUCTION 
 
The Waste Isolation Pilot Plant (WIPP) Project, located in Southeastern New Mexico was 
constructed by the U.S. Department of Energy (DOE) to provide permanent disposal of long-
lived transuranic (TRU) waste from the U.S. defense activities and programs.  The WIPP Land 
Withdrawal Act (LWA) (1) requires that the facility must comply with 40 CFR 191, Subpart A 
(2) during the period when radioactive waste is being emplaced and with 40 CFR 191, Subpart B 
(3) and 40 CFR 194 (4) for long-term disposal.  Moreover, the U.S. Environmental Protection 
Agency (EPA) was assigned the responsibility to make that determination.   In May 1998, the 
EPA certified that the WIPP met the requirements of 40 CFR 191 and 194 (5). 
 
The LWA inherently recognizes that the disposal facility represents a pioneering effort.  As more 
scientific and technical information becomes available, there will be a need to ascertain any 
effects of this information on the certification decision.  Hence, the enabling legislation requires 
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recertification of the WIPP every five years after the first receipt of waste.  The repository began 
receiving CH TRU wastes in March 1999.  The first recertification by the EPA is required by 
March 2004, the second recertification by March 2009, etc. until the closure of the repository 
shafts. 
 
The EPA standards specify the maximum allowable amount of radioactive material that can 
escape from the repository to the accessible environment for the regulatory period of 10,000 
years.  Because of this long time-frame, the cumulative releases were predicted within a 
stochastic framework through performance assessment calculations. 
 
Various performance assessments conducted through the 1990s have shown that the 
contributions of various factors can achieve greater or lesser significance, depending on the 
performance assessment (PA) models.  For example, calculations in the early 1990s were most 
sensitive to drilling rate, actinide solubility, and actinide retardation.  After a redesign of the 
conceptual models, the 1996 calculations were reported to be most sensitive to drilling 
phenomena.  For this reason, attention cannot be limited to only those factors found to be 
significant at the time of the current PA.  All features, events, and processes that might affect the 
disposal system need to be re-evaluated in light of new information. 
 
In the ensuing time period since the Certification Decision (5), the Environmental Evaluation 
Group (EEG) has identified unresolved performance assessment issues pertinent to the 
Compliance Recertification Application (CRA), (6, 7, 8, 9, 10).  This paper updates EEG’s views 
on the following issues:  1) actinide solubility, 2) fluid injection, 3) solution mining, 4) Culebra 
transport, 5) spallings, and 6) non-random waste emplacement.   
   
In November 2001, the DOE issued the Recertification Project Plan (11) outlining the intended 
activities and timeline for completion of the CRA.  Since the Recertification Project Plan was 
issued, four CBFO/EPA Working Meetings (12, 13, 14, 15) have been conducted for 
presentation of information and studies pertaining to the recertification.  The EPA has issued 
various guidance letters concerning recertification (16, 17, 18, 19, 20) and the EEG has issued a 
report detailing recertification issues (10).  Hence, the work towards recertification is dynamic 
with particular issues awaiting resolution.  
 
UPDATE ON UNRESOLVED ISSUES 
 
Since the EPA Certification Decision in 1998, the EEG has commented on issues which they 
considered to be unresolved following the Compliance Certification Application (CCA) (21).  In 
light of several ongoing investigations by the DOE, as well as the DOE’s stated objectives in the 
Recertification Project Plan, the EEG decided to update the previously identified issues for 
possible consideration in the 2004 CRA. 
 
Actinide Solubility 
 
Plutonium (Pu), specifically 239Pu, is the major actinide of concern for long-term repository 
performance.  With a 24,000-year half-life, 239Pu will retain approximately 75 percent of its 
radioactivity over the 10,000-year regulatory period.  Therefore, it is important to know the 
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characteristics of Pu in the WIPP environment, particularly given that previous iterations of 
performance assessment were found be sensitive to actinide solubility (22).  These characteristics 
include: 1) potential oxidation states; 2) solubility in the WIPP brines; and 3) its ability to 
complex with other waste constituents, such as chelating agents, to form more soluble or less 
sorptive species.  Americium-241 (241Am) with a 432 year half-life, is significant to performance 
assessment during the first 1500 to 2000 years but its solubility is more predictable.  Other 
actinides, with shorter half-lives, will decay substantially during the regulatory period. 
 
Potential Oxidation States 
 
Understanding the potential oxidation states for plutonium is important for performance 
assessment.  The higher states, Pu (V) and Pu (VI), are more soluble in brine than the lower 
states.  This would increase the amount of radioactivity which would be brought to the surface 
during a human intrusion event.  For the CCA, the DOE assumed that Pu would exist only in 
oxidation states III and IV.  However, Pu (V) has been observed in a number of experiments 
conducted in brines (23).  It has been contended by the DOE that these experiments, while 
conducted for the WIPP, did not represent WIPP conditions.   
 
Unfortunately Pu chemistry studies with solutions at near-neutral pH are limited.  Most Pu 
studies were conducted for the separation procedures necessary for defense purposes and done 
under low pH conditions.  Hence, there is little literature pertaining to Pu under the WIPP 
environmental conditions.  Also, complicating its study, Pu is capable of existing in a number of 
valence states.  It may have one valence state in the solution phase and a different valence state 
in the solid phase in contact with the solution (24). 
 
Solubility in WIPP Brines 
 
To understand the behavior of Pu under the WIPP disposal conditions, the similarities between 
the chemistry of uranium (U) and Pu were used together with data from several high level waste 
disposal programs to construct a conceptual model (25).  This model starts with the work of 
Haschke et al (26) which showed evidence for the formation of PuO2+x from PuO2 and moisture.  
The model, summarized by Haschke and Oversby (24), describes the reaction scheme for steady-
state solution concentrations of Pu and demonstrates the presence of Pu(V) and Pu(VI) in 
solution. 
 
To characterize the solubility of plutonium in brine, the DOE used an oxidation state analogy.  
The oxidation state analogy assumes that species of similar oxidation states behave in a similar 
manner.  Additional experimental work is necessary to validate this approach.  
 
The conceptual kinetic model discussed above has been applied in explaining solubility from 
results of the Los Alamos National Laboratory experiments (24).  Kinetic equations for the 
model were obtained from analysis of published data.  This model predicts the presence of Pu as 
Pu(V) and Pu(VI).  These results suggest that equilibrium modeling does not adequately predict 
dissolution behavior of Pu.  Kinetic factors should be considered.  The DOE should explore 
development of a kinetic approach for modeling of actinide solubility. 
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Complexation With Other Waste Constituents 
    
The ability of plutonium to complex with other waste constituents involves the effects of organic 
ligands on the solubility and the partitioning coefficient of plutonium and other major actinides 
in WIPP brines.  Some organic ligands that are known to be in significant quantity in the WIPP 
waste will act as chelating agents, binding to the actinide, which will keep the actinide from 
binding with the solid material.  This binding will increase solubility by allowing less plutonium 
to be attached to solid matter in the waste.  It will also decrease the partitioning coefficient, a 
measure of how contaminants are sorbed onto a host rock once it reaches a viable aquifer.  
However, the potential effects of organic ligands were not included as part of the CCA 
performance assessment calculations despite the EEG’s argument to consider them.  However, it 
is EEG’s understanding that the effects of organic ligands will be incorporated into the CRA 
performance assessment. 
 
Fluid Injection 
 
The issues regarding fluid injection have been previously discussed in detail by the EEG (27). 
The 1996 performance assessment calculations did not include scenarios of fluid injection for 
enhanced oil recovery, a current practice throughout the Delaware Basin (28).  The DOE rejected 
its inclusion on the basis that the EPA regulations did not require it.  The regulation states:  
“With respect to future drilling events, performance assessments need not analyze the effects of 
techniques used for resource recovery subsequent to the drilling of the borehole (29).”  Also, any 
affects from fluid injection wells adjacent to the WIPP were not included on the basis of a low 
probability argument.  However, drilling activity adjacent to the WIPP continues to increase.  
Figure 1 shows the increase in oil and gas related drilling activity since the time of the CCA.  
With this increase in drilling activity comes a higher likelihood of consequences to the WIPP 
resulting from fluid injection activities such as waterflooding and brine injection. 
 
Waterflooding 
 
In the EEG’s opinion this issue is worthy of re-examination during recertification based on the 
continuing practice of waterflooding for oil recovery enhancement.  As of 2002 there were three 
major waterflooding projects in the New Mexico portion of the Delaware Basin (30). 
 
Waterflooding is a secondary recovery technique used to enhance crude oil recovery by restoring 
reservoir energy lost during primary production (31).  During waterflooding, pressurized water is 
injected through the well bore into the reservoir.  This forces oil, that may be unrecoverable by 
primary methods, to flow toward the producing well.  Waterflooding and other secondary and 
tertiary recovery methods are encouraged by the State of New Mexico through severance tax 
relief, promoting maximum extraction of resources. 
 
Waterflooding has historically presented problems for some oil-bearing zones underlying the 
Salado Formation.  It has been documented in various instances that water has escaped from the 
collection zone and migrated through the Salado Formation to adjacent properties (32). 
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The occurrence of such an event was discounted by the EPA (33) based on the conceptual model 
of the Salado Formation at the WIPP.  However, an hypothesized waterflooding event has not 
been modeled. 
  
Brine Disposal 
 
The most common type of injection well in the Delaware Basin is for the disposal of brine water 
resultant to production of oil and gas.  Salt water disposal wells are necessary as a result of an 
EPA ruling that formation water may no longer be disposed of on the surface.   
 
There are currently 34 salt water disposal wells in the nine-township area surrounding the WIPP 
site (30).  This number is up considerably over the 10 salt water disposal wells in the same area 
as reported from 1993 (34).  
 
The DOE relies on a low consequence argument and the administration of the Underground 
Injection Control (UIC) regulations (35) as a safeguard against possible consequences from fluid 
injection.  The determination of low consequence is again based upon DOE’s modeling and 
hence conceptualization of Salado Formation (36, 37).  Indeed, alternate modeling suggested that 
the DOE’s modeling may be unrealistic and non-conservative (38, 39).   
 
As for the UIC regulations, despite the required testing and verification by the New Mexico Oil 
Conservation Division, strong circumstantial evidence suggested a connection between a salt 
water disposal well and Culebra monitoring well H-9 (40, 41).  The reliance on this program as a 
safeguard may be in question if injection wells are found to be, in part, responsible for the 
current Culebra water level increases. 
 
The fact that fluid injection scenarios were not included in the CCA performance assessment 
does not preclude their inclusion during recertification.  Recertification can incorporate a re-
evaluation of previous information as well as new information.  The EEG believes that the 
increasing number of brine disposal wells, along with economic incentives for the use of 
secondary recovery techniques, reflects on the necessity of screening in fluid injection scenarios 
into recertification performance assessment calculations.  In addition, the DOE should 
realistically assess potential flow paths in the Salado based on documentation of other fluid 
injection events.  Also, unexplained water level increases in the Culebra aquifer, which raises 
questions concerning the Underground Injection Control program, undermines the reliance that 
the DOE puts on the program as a safeguard measure.  
 
Solution Mining 
 
Consideration of solution mining was not included in the CCA on the basis that it was not 
occurring in the Delaware Basin in 1996.  However, underground storage caverns already exist 
and interest is growing in solution mining of potash for extraction of minerals.  An expansion of 
the role of salt caverns for storage of natural gas, oil field wastes, and chemical feedstocks is 
expected (42, 43, 44). 
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Consideration of solution mining for extraction of minerals is the natural progression of 
alternatives in the life of a mine.  Companies which mine various commodities, including potash, 
consider solution mining following the extraction of higher grade ores through more predictable 
traditional methods.  In addition, ores which were once considered as too low grade become 
economical with the refinement of new technologies.  With this in mind, it is reasonable to 
assume that solution mining will be considered in the vicinity of the WIPP project for extraction 
of minerals (45).  This is especially true since the U.S. Bureau of Land Management has delayed 
development of oil and gas reserves surrounding the WIPP in favor of prioritizing the extraction 
of potash.  The prioritization policy will push forward in time a decision by potash companies 
concerning final development of potash reserves.  Figure 2 show delineated potash reserves and 
resources in the vicinity of the WIPP. 
 
Another emerging technology is the use of solution mining for dissolution of underground 
caverns for storage purposes.  The DOE has funded considerable research in this area, especially 
for disposal of oil field waste (42, 46, 44).  Sites for the underground disposal of oil field waste 
are typically caverns created by the solution mining of halite for use as brine during oil field 
drilling, a practice already occurring in the Delaware Basin (27).   
 
Solution mining, whether for extraction of resources or for excavation of underground storage, 
should be considered. Plausible scenarios related to this activity should be evaluated and 
screened for each recertification as technology in this area continues to be refined. 
 
Culebra Flow and Transport 
 
The Culebra dolomite unit of the Rustler Formation is acknowledged as a potential pathway for 
breach of the WIPP repository.  This observation underscores the need for an accurate 
understanding and modeling of Culebra flow and transport by the DOE.  During the CCA, there 
were a number of issues raised regarding the conceptual and numerical model of transport 
through the Culebra (47, 27). 
 
In addition to the issues concerning transport, continuing increases in water level elevations in 
the Culebra and other formations, raises uncertainty in the flow model.  As the transport model 
follows from the flow model, this also increases uncertainty in the transport model.   
 
Water Level Increases 
 
The water level in the Culebra has continued increasing since April, 1988 (48, 28).  These 
increases are also observed in the Magenta unit of the Rustler Formation as well as in some of 
the more shallow formations (49). 
 
These increases are of concern in the recertification because 21 of 28 monitoring wells now 
show water elevations in the Culebra aquifer outside the ranges used for calibration of the CCA 
transmissivity fields.  This may cast doubt on the validity of the steady-state flow model used in 
the CCA.  Also, the reliability of the transmissivity estimates were determined using inverse 
methods that assumed the Culebra was a non-leaky, two-dimensional aquifer.  Increasing water  
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elevations suggest a likely connection of the Culebra with other water-bearing units, raising 
questions concerning the validity of this assumption as well. 
 
During January 2002, the DOE convened a workshop to address the issues of the water level 
rises.  The stated purpose of this workshop was “to demonstrate an understanding of the WIPP 
hydrologic system by developing scenarios that account for the observed changes and show that 
the CCA modeling results remain valid for recertification” (49).  The workshop developed seven 
scenarios which could potentially explain the water level changes.  Figure 3 shows the difference 
in water elevations between the time of the CCA and 2001. 
 
It is likely that some combination of these seven possibilities would account for the changes in 
the Culebra water levels.  Arriving at an explanation for the increases from these (or other) 

Fig. 2. Potash resources in the vicinity of WIPP. 
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multiple probable causes will undoubtedly take considerable time and may not be satisfactorily 
answered before the first recertification.   
 
The DOE plans to test the validity of the CCA transmissivity fields using the current water head 
observations.  Since the transmissivity fields were conditioned by both the heads as well as 
transient response data, it is possible that the fields are still valid given the current observations.  
If not valid, transmissivity fields will need to be re-generated, possibly using a geology-based 
method.  However, the ability to calibrate transmissivity values does not necessarily validate the 
conceptual model.  Until a source is determined for the water level increases, the validity of the 
Culebra conceptual model is in question. 
 
Heterogeneity and Model Discretization 
 
During development of the CCA, several modeling errors were identified which resulted in an 
artificial spreading in the calculated width of a potential contaminant plume at the expense of its 
length.  This would result in non-conservative travel times to the regulatory boundary (Figure 4). 
These errors included numerical dispersion and spatial truncation errors in the transport code, 
poor resolution from using a grid that was too coarse for the scale of the problem, and 
overestimation of the size of the solute source area (50).  These errors are especially apparent in 
a heterogeneous aquifer such as the Culebra.  If a plume spread out laterally due to numerical 
dispersion, the wider plume will move downgradient a shorter distance than would be the case if 
a finer grid were used during modeling.  The EEG encourages the DOE to consider a finer 
discretization of the grid during the CRA PA. 
 
Sampling Procedures for Input Parameters 
 
The co-regionalization of spatial parameters was not considered in the CCA.  Hydrogeologic 
variables that were correlated were sampled independently.  This could result in realizations that 
may be based on unlikely combinations of parameters, and may produce a bias. 
 
For example, transmissivity, fracture spacing, and porosity generally exhibit co-regionalized 
behavior and are positively correlated (51).  That is, high transmissivity is related to a higher 
density of fractures and high porosity.  If these correlations are ignored, realizations would be 
generated that may have high transmissivity, with a low density of fractures and low porosity. 
 
While this may still happen under a model of co-regionalization, a higher frequency of 
realizations representing this scenario will occur under an assumption of variable independence.  
The EEG recommends an analysis of co-regionalization for spatial variables and co-simulation 
for those which are highly correlated. 
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Fig. 4. Conceptual diagram of contaminant plume showing potential for numerical 
dispersion (from EEG-68). 
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Consistency Between Performance Assessment Models 
 
The connections between some of the performance assessment models and parameters are not 
always transparent.  The EEG had previously recommended that a mass balance be documented 
to ensure that the fluxes between the various models are coherent (27).  
 
It should be demonstrated that the total mass of fluid and solute that the human intrusion 
borehole model computes to enter the Culebra over 10,000 years should equal the total mass of 
fluid and solute that is actually added to the Culebra model over the 10,000 year period.  This 
would identify potential problems, increase confidence in the models, and promote an 
understanding of the performance assessment process. 
 
 
Spallings 
 
Spallings consist of repository waste material that experiences failure caused by a rapid 
reduction of pressure as an intruding drill hole approaches or penetrates the repository.  This 
material would then enter the drilling fluid due to radially channeled, pressurized  gas flow from 
the repository to the lower pressure drill hole.  This flow will continue until pressure equilibrium 
is achieved between the repository and the drill hole.  This failed material would then be 
transported up the drill hole to the surface via gas flow. 
 
The importance of spallings as a potential release mechanism of radionulides into the 
environment was demonstrated in the 1996 iteration of the performance assessment calculations.  
The initial spall model proposed by the DOE for the CCA was found inadequate by the 
conceptual model peer review (52).  However, the DOE schedule for submittal of the CCA left 
insufficient time for development of a suitable replacement.  EEG had also criticized the model 
used during the CCA and recommended a model which would better simulate the physical 
process of spall (27). 
 
Work has been in progress by the DOE on a new spallings model that was intended for use 
during recertification (12).  This model incorporates a modified wellbore hydrualics model with 
mixing equations for solids and fluids, a drillbit damage model, and a solids transport mechanism 
up the drill hole annulus (53).   
 
The DOE announced that the new model would not be used for recertification performance 
assessment, but only for an impact analysis (54).  However, the EPA commented (19): 
 

Since the Spallings Conceptual Model was never approved by the Conceptual 
Model Peer Review Panel, we expect that the CRA PA will implement a new 
spallings model that has been approved by a Conceptual Model Peer Review 
Panel. 

 
The DOE is now planning on using the newly developed model PA during the first 
recertification. 
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Non-random Waste Emplacement 
 
Waste emplacement practice since the March 1999 opening of the WIPP has demonstrated that 
random emplacement is not likely.  Specific waste streams will be campaigned depending on 
DOE’s agreements with the various states which host TRU waste and the readiness of particular 
waste streams for shipment from the other sites (55). 
 
For example, as of April 22, 2002 (56), the EEG calculated the average radionuclide activity for 
waste emplaced to date in Panel 1.  These calculations indicate that the emplaced activity of 
239Pu is 4.24 times, 240Pu is 3.53 times, and 241Am is 5.65 times the projected repository average 
for the space occupied by waste.  Obviously, a future intrusion into Panel 1 would result in a 
different potential release than from a panel in which average radionuclide activities were 
emplaced. 
 
In the CCA performance assessment, under a random emplacement assumption, the contents of a 
waste container removed by cuttings and cavings were randomly sampled from 569 separate 
waste streams.  A drill hole intruding a room and intersecting each of three stacked containers 
would have resulted in each of the three containers being randomly sampled with the probability 
of hitting a particular waste stream weighted according to its relative quantity.  However, in 
reality it is likely that all three containers would be from the same waste stream. 
 
The EEG recommends that the DOE consider random emplacement of waste during PA.  One 
possibility would be development of a waste loading plan based on the shipment schedule.  
While this schedule will certainly change over time, it is the best information currently available 
and presents a more realistic assumption than random waste emplacement.  All intrusion 
scenarios could then consider non-random emplacement, providing better estimates of releases in 
brine, cuttings, cavings, and spallings. 
 
CONCLUSIONS  
 
Performance assessment is an iterative process that should incorporate the best understanding of 
all of the integrated components at the time it is being done.  For recertification, this “best 
understanding” may translate into modifications of conceptual models based on ongoing research 
or operating experience gained during the emplacement of waste.  It may also mean 
consideration of scenarios that were previously screened out, but may warrant inclusion because 
of new information or to allay public concern. 
 
In accordance with 40 CFR 194.15(a), the DOE must present an updated performance 
assessment with the CRA.  This performance assessment must describe relevant new information 
and system changes since 1998.   
 
The EEG continues to recommend additional and ongoing actinide chemistry experimental work 
for validation of solubility assumptions and modeling that were used in the CCA and are planned 
for use during the CRA.  In addition, ongoing work is necessary for proper characterization of 
the Culebra aquifer.  This work includes additional wells that are necessary to determine the 
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cause of the water level increases in the Culebra as well as other formations.  The EEG considers 
both of these ongoing programs important as they address questions concerning the validity of 
conceptual models. Other Culebra issues such as grid discretization and analysis of co-
regionalization are not difficult to consider. 
 
The performance assessment process would be enhanced through serious consideration of fluid 
injection and solution mining scenarios.  The location of the WIPP within a resource rich locale 
suggests that the screening in of certain resource related scenarios would be prudent.  Also 
prudent, would be a serious consideration of non-random emplacement of waste, a current 
practice in the repository. 
 
The DOE is now planning to incorporate a new spallings model into the PA.  This ongoing work 
better reflects the physical process of spall.   
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