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Office of Radiation and Indoor Air
U.S. Environmental Protection Agency
401 M Street SW

Washington, DC 20460

Dear Mr. Marcinowski:

At our meeting on December 10, 1997 in Albuquergue, the EPA WIPP project staff asked usto
provide a written description of each of the issues related to the EPA’ s draft rule on WIPP, that
we presented that day. Thisletter isto provide you a summary of each of the issues that we
presented, as well as summaries of the issues that we did not have the time to present that day.
Where more details are needed, we have enclosed extended descriptions. As requested by your
staff, we have made specific suggestions on how to resolve each of theseissues. Thisletter is not
areplacement for the materia presented to the EPA, but supplements and amplifiesit. Also,
please note that our presentations at the 12/10/97 meeting, and this letter, constitute our initial
reaction to the EPA’ s draft rule published on 10/30/97. As we continue to review the voluminous
materials released with the draft rule, we will provide additional comments to you in the near
future.

Aswe noted on December 10, the issues presented to the EPA were those for which we have
additional analyses or arguments. The issues not discussed that day were those for which we have
previously provided detailed comments to the EPA, but the EPA has disagreed with our position,
asindicated in the Draft Rule. Those issues are aso included here with our reasons for continuing
to believe in our previoudy stated positions. We trust that this material will be of useto youin
your continuing review of the DOE application.

SUMMARIES OF THE ISSUES PRESENTED ON 12/10/97
Solubility

In reviewing the basis for the selection of actinide solubilitiesin the CCA and PAVT calculations,
the EEG finds that the FMT model is unique to WIPP and is not used elsewhere. Calculations
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using the FMT model result, for example, in a difference of 19 orders of magnitude between the
projected solubility of thorium pentacarbonate in the Castile brine versus the Salado brine.  This
is hard to explain on the basis of differences in the brine compositions. Hence the code becomes
suspect. It appears that the EPA verification was limited to an exercise in which EPA used the
same computers, codes, and database (after correction of some errors in the database) as DOE, to
determine the same numerical values. Thisis not the standard of verification that one normally
appliesto chemical modeling codes. Verification would require, at a minimum, an analysis and
demonstration that the FMT code correctly solves the simultaneous equations, a thorough
comparison with the results of calculations using a code that is used more widely in the modeling
community, and a demonstration that the calculations are consistent with al relevant published
data. For example, as apreliminary analyss, it would have been more informative if awidely used
code such as EQ3 or PHREEQE had been used with the FMT database and then FMT had been
used with a database from some other modeling group.

Plutonium will account for 82% of the WIPP radioactive inventory 100 years after closure. The
CCA maintains that the plutonium will exist either as Pu(l11) or Pu(IV). However, the plutonium
data were not used for developing the FMT model to predict the solubility of Pu(lV). Rather,
the CCA relied on data for uranium and thorium as analogs. But there are long recognized
concerns about relying entirely on the oxidation state analogy to derive thermodynamic constants
for modeling complex electrolyte systems. As stated in the NAS/NRC WIPP Committee report
(Oct. 1996, p. 129):

Although the oxidation state model (the assumption that the chemistry of a given
oxidation state is similar for all of the actinides) is an appropriate beginning to a difficult
problem, deviations from the oxidation state analogy are well known in natural and
experimental systems. Substantial experimental verification will be needed to establish the
limits of this analogy.

In its technical support documentation, EPA discusses the shortcomings of the solubility
uncertainty ranges advanced by DOE. Thereisno direct basis for the uncertainty ranges for
actinides in oxidations states +4 and +6. Moreover, the uncertainty ranges for oxidation states +3
and +5 are derived primarily from non-actinide data. Nonetheless, EPA has accepted the ranges
as adequate, commenting “It is not clear that including more data for the other actinide state
would appreciably change thisrange” (EPA, I11-B-17, p.35). The argument isweak. It also
remains unclear that the range adequately brackets uncertainty for a population for which data
have not been examined.

In the solubility calculations, the CCA inappropriately discounts the role of organic ligands on
plutonium solubility. The CCA provides information on the amounts and complexing properties
of EDTA and then argues that other organic ligands, such as citrate, will be unimportant despite



Mr. Frank Marcinowski

Page 3
December 31, 1997

the fact that citrate is the most abundant water-soluble organic constituent. Citrate forms
extremely strong complexes with actinides in the +4 oxidation state [e.g. Th(IV)], but very weak
complexes with other cations. Moreover, the DOE and EPA have each assumed that the actinides
and the brine would be evenly distributed and well mixed throughout the repository. The problem
with this assumption is that the plutonium and citrate are located in the same drums. These waste
forms result from chemical separations of Pu and do not fit the classic description by DOE of
TRU waste as contaminated tools, rags, gloves, booties, etc. The solubility of the plutonium for
these waste forms must also be calculated as a very stable plutonium citrate complex where other
cations in the brine diffusing into the drum cannot compete effectively with the complexed
actinides (1V).

Perhaps the most important questionable assumption made in projecting the solubility values used
in the CCA and the PAVT isthe presence of hydromagnesite as the dominant stable mineral
species resulting from the MgO backfill. DOE’s experimental efforts with MgO predominantly
produced nesgquehonite, a magnesium carbonate mineral, with the later appearance of an
unidentified phase. Hydromagnesite was not formed in the experiments reported by the DOE
(Van Bynum's 4/23/97 report); a hydromagnesite-like unnamed mineral is reported. The chemical
structure of this mineral isin fact more like nesquehonite. The DOE and the EPA believe that
"hydromagnesite will be the metastable hydrated magnesium carbonate phase and nesquehonite
will be an intermediate phase." (EPA Technical Support Document 111-B-17, p.2). Thereisno
experimental data for the length of time that nesquehonite is expected to exist. The distinction
between the projected hydromagnesite-dominated or nesquehonite-dominated chemical
environment in the repository isimportant because the actinide solubilities in the presence of
nesguehonite are 3 to 4 orders of magnitude higher than in the presence of hydromagnesite.

The EEG therefore recommends that the EPA reexamine these issues and provide additional
justification for the CCA and the PAVT solubility values. If convincing justification is not
available, then the "no backfill", or "nesquehonite” solubilities should be used in a new
performance assessment cal culation.

The EEG has investigated the effect of actinide solubilities on the mean CCDF plots, using the
EPA’s PAVT releases, and making no other changes. The investigation (Enclosure 1) included
the “CCA” solubilities, “no backfill” solubilities, and “nesquehonite” solubilities. The overall
mean CCDF curve for “nesguehonite’ solubility moved one order of magnitude closer to the
compliance limit a 10° probability compared to the CCA solubilities (Enclosure 1, Fig.1).

Three Dimensional Processes and Boundary Conditions

This issue was presented to the EPA staff on December 10, 1997 as “2D/3D Modeling in
BRAGFLO”. The EEG first brought thisissue to the EPA’ s attention as an attachment titled
“Brine Inflow From Salado: 2-D versus 3-D Geometry in BRAGFLO” to the 3/14/97 Nelll to
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Marcinowski letter. The DOE submitted a response as an attachment to the 6/27/1997 |etter from
G.E. Diadsto L. Weinstock. The Draft Ruleincludes thisissue asIssue F in CARD #23. The
EEG position is summarized by the EPA as Comment #553 on page 115 of CARD #23, and the
EPA responseis provided on page 116. EEG’s detailed response to the DOE and the EPA
positionsis provided as Enclosure 2 to this letter. A summary of the issue, the EEG’ s response,
and the EEG recommendation to resolve the issue, follow.

The results of FEP S-1 screening analysis suggest that the two dimensional BRAGFL O model
used in the CCA calculations may be misrepresenting repository performance at pressures above
the anhydrite fracture pressure. Thereisthe potential of substantially greater brine saturation in
the repository at higher pressures than calculated for the CCA. The discrepancy between the 2D
and 3D versions of BRAGFLO may have resulted in an underestimate of radionuclide releases to
the surface.

To resolve thisissue, the EEG recommends that severa 3D BRAGFLO simulations of the
repository should be performed using the parameter values of vectors used in the CCA
performance assessment. The 3D BRAGFL O simulations should be used to provide repository
conditions for the normal suite of direct brine release calculations. The calculations should aso
be assessed in terms of impact on spallings caculations. Spallings ssmulations are probably not
required to assess the impact. The following criteria may be used to select the CCA vectors for
running the 3D simulations to bound the magnitude of the problem:

» Since the discrepancy occurs above the fracture initiation pressure, the simulations should be
limited to parameter vectors that result in pressures above 12.7 MPa at some time during the
10,000 year time frame.

» Direct brine release calculations should be sensitive to increased brine saturations above the
waste residual brine saturation. Vectors that had either large brine saturations or a mobile
brine component (saturations above the residual saturation) are more likely to be sensitive to
increased brine inflow. Figure 5.1.5 of the preliminary sengitivity analysis report (Helton,
1996) indicates one vector with a 10,000 year pressure above 14 MPa and a brine saturation
above 0.4. Thisisalikely candidate.

» The potential for brine consumption by corrosion should be assessed. Vectors with both slow
and fast corrosion rates that also meet the above two criteria should be run.

» If thefirst smulationsindicate alarge change in saturation, then assess whether the 3D
BRAGFLO smulations indicate a much larger number of significant direct brine releases than
those calculated in the CCA. Simulations using brine saturations on the order of 0.1 and 0.3
should be performed.
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Review of the EPA Spallings I nvestigation

The EPA funded a separate investigation of the spallings phenomena that focused on potential
limits on spall material reaching the surface because of insufficient lofting capacity of gases vented
from the repository (TSD 111-B-10 and TSD 111-B-11). The EPA investigation determined that
venting of the repository would not be energetic enough to bring spall material to the surface.
The conclusion is valid for evaluating the CCA spallings model but cannot be extended to the
most recent DOE spallings model. The investigation’s focusis on relatively long term transport
capability consistent with the CCA spallings model. It should be on the immediate transport of
materia from the formation of an explosive spall cavity, asin the most recent DOE model.

The EPA modeling is superceded by the new spallings model presented in January 1997 (Hansen
et a., 1997) to the DOE’s Conceptual Model Peer Review Panel. The Panel rejected the CCA
model and accepted this new model. This new model predicts that ailmost all spall would come
from the face of the drilling cavity and that the spall process would occur in the first few seconds
of repository depressurization.

The permeability reduction used in the EPA model is inappropriate to address removal of the
initial spall material. The spallings model of Hansen et al. predicts that spalling will stop after a
few seconds and that depressurization is negligible beyond roughly 1.5 meters at this time.
During thisinitial depressurization, the source of flow isfrom the region close to the borehole. It
isthislocal depressurization that would cause spalling to progress away from the drilling bit.

The temporal and spatial discretization of the EPA investigation is far too coarse to investigate
the potential for evacuation up the borehole of spall material created in the first few hundred
seconds. For example, in the case of atwo foot penetration with 0.25 m® spall cavity, the first
element of the EPA analysisis 0.39 m thick. Inthe Hansen et al. model, the first element is 0.01
m thick. Inthe EPA investigation the first time step is 86 seconds compared to 0.001 secondsin
the Hansen et al. model. These differences in both temporal and spatial discretization are an
indication that the EPA modeling cannot predict gas velocities from local depressurization
reliably. Hence, the EPA model cannot be used to judge the conservatism of the spall model
described by Hansen et al., nor the extension of the Hansen et al. model to potential spall from
air drilling.

Hansen et al. also considered the issue of maximum particle size that could be transported up the
borehole. Their resultsindicate that particles as large as 10,000 microns may be transported to
the surface after the mud column has been expelled from the borehole, about 250 seconds after
intrusion, and that transport of such large particles could occur for much more than 200 seconds.
Two-hundred and fifty secondsis still very early in the EPA investigation (3 time steps). The
discretization of the EPA model is too coarse to accurately calculate the flow rates this early in
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the 11-day period. In conclusion, the calculations of Hansen et al. indicate that transport of spall
material up the borehole will not limit the release of spall material to the surface.

The EEG therefore recommends to the EPA to not use the results of smplified modeling
contained in the draft rule attachments TSD 111-B-10 and I11-B-11 to confirm the validity of the
CCA gspallings model, or to limit the potential releases from air drilling.

Stuck Pipe/Gas Erosion Scenarios

“Stuck pipe’ isascenario that occurs when, due to very low permeability of the waste and
extremely high pressures in the repository, the amount of failed waste (spal) is more than the
carrying capacity of the drilling mud. The spall then presses against the drill string sufficiently
hard to ow down the rotation of the drill bit, preventing normal drilling. To free the jammed bit,
the drillers pull the drill string up and start drilling again. If the pressures remain high, the driller
may have to bring the bit up several times, thus alowing significant quantities of waste to be
brought to the surface. “Gas erosion” refers to the scenario in which the failed waste is Slowly
eroded by the drilling mud when the repository pressure is just above hydrostatic and the waste
permeability islow. Under these conditions, waste may be released into the drilling mud at arate
undetectable by the driller. Gas erosion would continue until the repository pressureisin
equilibrium with the drilling fluid, and may bring significant quantities of waste to the surface in
the process. Both these scenarios were considered by the DOE in an earlier exercise in the WIPP
performance assessment (Systems Prioritization Method, 1995), but were not considered in the
CCA because the permeability of the waste was assumed to be higher than the threshold for these
processes to occur.

The CCA (Chapter 6, p. 6-100) states that permeability of the waste compacted under a lithostatic
load was found to be in the range of 10™ to 10™° n, but assigns a constant value of 1.7x10™ n?,
which is much greater than the assumed threshold of 10™ m?* for the “stuck pipe” scenario.

Thisissue wasfirst raised in my February 7, 1997 letter to you, and has been numbered 540 in the
draft rule (CARD 23). The response to Comment 540 states that the phenomena of stuck pipe
will not occur because the permeability of the waste in the CCA (DOE, 1996-Chapter 6) was
greater than the threshold permeability for stuck pipe stated in the CCA (DOE, 1996-A ppendix
CUTTINGS_S). The EPA quotes additional studies of permeability made by the DOE, in which
the waste permeability was found to be 100 times less than the CCA value (Hansen et al., 1997),
but till greater than the threshold permeability. Thus, the EPA does not believe that stuck pipe
and gas erosion are processes to be considered in the CCA spallings model.

The EEG continues to believe that the “ stuck pipe’ is a plausible scenario because the threshold
of 1x10™ n? for stuck pipe and gas erosion may be faulty. This value resulted from the CCA
Spallings model (as part of CUTTINGS _S), which was found to be conceptually flawed.



Mr. Frank Marcinowski

Page 7
December 31, 1997

Berglund (1994) states that, for model simplicity, avalue of 1x10™ m? will be used for a cutoff
for blowout. The new spallings model, GASOUT (Hansen et a., 1997), shows that blowout will
cease when permesbility is between 10™ and 10™ n?. Berglund (1994) has shown that when
blowout stops, the stuck pipe and gas erosion mechanisms of spall take over because the failed
waste will be introduced into the borehole cavity and will not be blown out. Thus, the
permesbility threshold for the stuck pipe and the gas erosion scenarios appears to be 10" to 10,
rather than 10™°. In any case, because of the stuck pipe and the gas erosion scenarios coming into
play when the blowout ceases, release to the surface will occur even when the conditions for
blowout of the mud column cease. We therefore recommend that it should be assumed that all of
the calculated spall materia will reach the surface.

Furthermore, the permeability of the waste in the WIPP repository is quite likely to be lower than
that anticipated by the DOE. None of the waste surrogates for permeability testing included MgO
as abackfill material. It is suspected that MgO precipitation will decrease the permeability by
providing materia for interstitial cementation, which has been postulated by the DOE’s Particle
Size Expert Elicitation Panel to be a major contributor to increased waste strength and lower
permeability. Since the permeability of the waste is such akey parameter in assessing compliance
with the standards, additional permeability measurements on surrogate waste that includes
magnesium chloride cement should be carried out. Until thisis done, the calculations may sample
on the 10 to 10 range.

To get a perspective on the potential magnitude of impact of these scenarios on compliance, the
EEG conducted calculations to investigate the amount of spallings release through either the
stuck pipe or the gas erosion process that would violate the EPA standard. Enclosure 3 shows
that if between 8 m® and 64 m® of spalled material is assumed to reach the surface, the standard is
violated at 10™* probability. The EEG isin the process of computing the releases from the stuck
pipe and the gas erosion scenarios, and will transmit the results to the EPA as soon as possible.

Brine Release in Air Drilling

The EEG has investigated the effect of air drilling on direct brine release, and the results are
shown in Enclosure 4. The results show that brine releases to the surface could be between 1000
and 2000 m®, compared to a maximum of 180 m® from the EPA’s PAVT computations. The
CCDF from the EEG'’ s runs show that the overall mean for all types of releases (including brine
release from air drilling) comes very close to the EPA limit at 10 probability for the actinide
solubilities assumed in the CCA, and violates the standard at the “no backfill” and “ nesquehonite”
solubilities.

Fluid Injection Scenario
The petroleum reservoirs surrounding and underlying the WIPP are potential candidates for fluid
injection to recover a substantial amount of crude oil reserves. For oil field operationsin
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southeastern New Mexico, the problem of water migrating from the intended injection zone,
through the Salado Formation, and onto adjacent property has long been recognized. In fact,
concerns about unexplained water |osses due to solution mining, potential oil field development,
or future oil field waterflooding has helped eliminate other sites from consideration as
documented in an EEG report on fluid injection (Silva 1996; EEG-62). The EPA proposesto
accept the DOE position that fluid injection can be ruled out as a potential scenario and, hence,
need not be considered in the performance assessment calculations.

For fluid injection activities on leases adjacent to the site, the DOE argues that such events can be
eliminated from further consideration on the basis of low consequence. The EPA raised questions
regarding DOE’ s consequence analysis and “concluded that regardless of the consequence
argument, the probability of such an injection event that affects WIPP is very low, and so this FEP
can be eliminated on the basis of low probability” (CARD 32, p.42). The DOE chose to examine
conseguence rather than probability, as noted by Stoelzel and O’ Brien, “[because certain
petroleum practices are hard to define in a probabilistic sense (for example, the quality of the
cement and/or casing and its ability to withstand leaks over time)...” (Stoelzel and Obrien 1996, 8).
Nonetheless, EPA assigned probabilities to certain petroleum practices, such as an undetected
leak occurring in the annulus, and multiplied the probability of each event and calculated that the
realistic probability of ainjection well impacting the repository was only one in 667 million (EPA,
[11-B-22, Table Q). But this value appears to be based on an optimistic view of future injection
well performance and does not reflect the actual experience of documented waterflows in the
Salado Formation in water flood areas throughout southeast New Mexico.

In the final analysis, for the low consequence argument, the EPA has accepted the modeling
results of Stoelzel and O’ Brien (1996) and Stoelzel and Swift (1997) for DOE, and has rejected
the modeling results of Bredehoeft (1997) for the New Mexico Attorney General. The DOE
maintains that a leaking injection well in the vicinity of WIPP isalow consequence event. But a
very fundamental question remains. Can the DOE codes model a documented high consequence
event? In other words, can the DOE codes take the injection data and geologic data from the
highly visible Hartman case and reproduce what is believed to have happened at the Bates L ease?
Can these codes model the migration of substantial amounts of water through a single zone of the
Salado Formation, two milesin the up dip direction, in about 12 years? That has yet to be shown.
Unless the code is verified with actua field data, the low consequence conclusion will remain a
speculation at best.

The EPA does not anticipate that CO, injection for oil recovery will be a widespread practicein
the future near WIPP (EPA CARD-23, p. 131). However, EPA’s reasons do not have supporting
references and appear to be at odds with the published literature. The EPA technical support
document (111-B-22) states “at thistime, the only examples of CO, injection enhanced recovery
techniques are some distance from the WIPP site and under much different geologic conditions
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(Magruder 1990; Trash 1979)”. But an examination of the current and relevant literature strongly
suggests that the Delaware Mountain Group sands are excellent prospects for future CO,
flooding. First, CO, flooding has been demonstrated to be quite successful in mature fieldsin the
Delaware Basin such as the TwoFreds (Silva, 1996, pp. 142-145). Second, the DOE continues to
sponsor university research on Delaware Basin ailfields, such as the Geraldine Ford and the West
Ford, aimed at optimizing infill drilling and CO, flooding throughout the Delaware Basin. Third,
oil and gas companies continue to purchase mature fields, such asthe El Mar in the Delaware
Basin, specificaly for carbon dioxide flooding. Fourth, the recently drilled reservoirs surrounding
the WIPP such as Cabin Lake, Livingston Ridge, Los Medanos, and Lost Tank have oil and
reservoir characteristics that easily qualify them as potential candidates for future CO, flooding
using the enhanced ail recovery (EOR) screening criteria

EPA maintains that “there are no natural gas storage horizonsin the Salado Formation” (EPA
CARD-32, p.71). Asshown on amap presented to EPA by EEG on October 10, 1996, there are
eight gas storage underground facilities in southeast New Mexico, three of which arein the
Salado Formation in which the salt was “washed out to create a cavern”, according to entry in a
State document.

There are other fluid injection issues that have either not been fully addressed or in which there
appears to be a misunderstanding of the issue including, for example, the yet to be explained
water level risesin the Culebra Aquifer, the likely expansion of solution brine wellsin the
Delaware Basin, and the likely initiation of solution mining activities in maturing potash mines.

SUMMARIES OF THE ISSUESNOT PRESENTED ON 12/10/97

The following are the summaries of the other important issues related to the CCA and the Draft
Rule that were not presented to your staff on December 10, but have been previously presented to
the EPA.

Waste | ssues
EEG has concerns about some EPA conclusions regarding: (1) waste inventory and waste form;
(2) waste characterization; and (3) waste repository limits.

Waste Inventory and Waste Form:

The EPA has concurred with the DOE’ s contention that there is no uncertainty in the waste
inventory. EEG’sview isthat: (1) thereis considerable uncertainty in the stored inventory; (2)
there is uncertainty in the volume of newly generated waste and the processes at the generating
sites have changed significantly since the stored waste was generated; and (3) DOE plansto treat
most of the waste at INEEL and the RFETS (residues) and repackage, and treat for size
reduction, at other facilities. These plans are not reflected in the CCA inventory.
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EPA should recognize this uncertainty and either not accept the DOE inventory and Waste
Material Parameter (WMP) values or not permit DOE to bring in waste that differ significantly
from the values in the CCA until more accurate inventory data have been developed and used in
the PA calculations.

Waste Characterization:

DOE has concluded that a maximum repository limit of 2x10” kg of cellulosics, rubber, and
plastic (CRP) should be set in order to prevent production of more CO, than can be controlled by
the MgO backfill. EPA has concurred in this recommendation. The expected amount of CRP in
the repository is 2.1x10” kg (see CARD 24-38).

EEG is concerned about the ability to measure CRP in the waste with enough accuracy to ensure
that thislimit will be met. Visua Examination (VE) isamethod that is capable of good precision
on those containers measured if all internal containers are emptied and their contents identified
and weighed. However, the preferred method of characterization isreal time radiography (RTR)
which is only semi quantitative (WM P weights are estimated by determining the void space and
weight of waste in the drum which is not very accurate even if thereis only one WMP in the
container). EEG has not found a reference to the uncertainty in determining the weight of CRPin
waste containersin either the DOE or the EPA reports. The EPA needs to point out where this
uncertainty has been addressed, if it has been, or address the issue at thistime.

Waste Repository Limits:

DOE has concluded that all repository limits need to be controlled only for the full repository.
EPA has concurred in this recommendation and concluded that DOE’s WIPP Waste Information
System (WWIYS) is capable of controlling repository limits.

There are two concerns that do not appear to have been addressed:

D An excess of CRP in awaste panel could overload the MgO in that panel and since no
interchange of brine between panels is assumed, it is questionable how much benefit
would incur from excess MgO in another panel. Estimated concentrations of CRP do
vary significantly between generating sites (e.g. at INEEL the average is 1.8 times the
total inventory average);

2 A management plan that alows emplacement of repository limited parameter
quantities that vary significantly from the required average could result in a situation
where the required limits could not be met by emplacing the remainder of the
inventory. Thisisapotential problem because the actual content of waste containers
will be known only as the individual containers are characterized and may be much
different than the current estimates.
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EEG believes that the case for controlling limits on a repository basis has not been justified. We
recommend control on a per panel basis, at least, until the inventory is known with more certainty.

Retardation Coefficient
The EEG has submitted the following four documents to the EPA on thisissue:

- Copy of November 14, 1996 letter from R.H. Nelll to J. Salisbury, with attachments;

- February 7, 1997 letter from R.H. Neill to F. Marcinowski, with attachment “Chemical
Retardation”;

- Copy of May 23, 1997 letter from R.H. Neill to J. Salisbury, with attachments; and,

- Copy of August 29, 1997 letter from R.H. Nelll to G.E. Dias, with attachments.

The August 29, 1997 letter and the attachments (docket # 11-D-117) contained the EEG position
on thisissue based on the July 30, 1997 meeting in Albuquerque, which was organized by the
EEG. Copies of thisletter with the attachments were mailed to several EPA officials and the EPA
WIPP docket. The DOE also sent a copy of their impressions of the July 30 meeting (Dialsto
Neill 8/25/97 letter with attachments, docket # |1-D-115) to the EPA on August 25, 1997, four
days before the EEG letter.

The EPA draft rule discusses this issue in the Technical Support Document, “ Assessment of KyS
Used in the CCA”, docket # [11-B-4. This document makes extensive references to the DOE’s
August 25, 1997 letter, but no mention of the EEG’s August 29, 1997 letter. Because theissue
was raised by the EEG, and the July 30, 1997 meeting was organized by the EEG, it is difficult to
understand why the EPA’ s analysis makes no mention of the EEG’s summary of the July 30
meeting and the recommendations.

As described in the EEG’ s August 29, 1997 letter, the EEG has recommended conducting both
batch and column tests for at least the actinides Pu(l11), Pu(1V), and Am(l11) in the Culebra brine;
setting the lower end of K4 for U(V1) to be zero; conducting sensitivity analysis for potential
impact of organic ligands; extending performance assessment cal culations beyond 10,000 yearsto
see how long the chemical retardation delays the releases to the environment; investigating the
potential impact of nonlinear sorption on radionuclide transport; and, checking the validity of the
Kq values derived from the column tests by examining the cores to identify whether the Pu and
Am are present in adsorbed or crystalline solid phase.

The EEG recommends that the EPA consider the EEG submissions to the docket before reaching
afina conclusion on the issue.
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Brine Reservoir Probability

The EEG raised a number of issues related to the Castile Formation brine reservoirs (see R.H.
Neill letters to F. Marcinowski, dated 2/7/1997 and 3/14/1997, attachments “Brine Reservoir
Assumptions’). The EPA has accepted all of the EEG suggestions except the one related to the
assumption of the probability of encounter of brine reservoirs, and we disagree with the EPA on
thisissue. The CCA assumed 8% probability on the basis of faulty assumptions. The EEG
recommended 100% probability on the basis that the WIPP-12 brine reservoir was large enough
to most likely extend under the repository, a conclusion aso confirmed by geophysical testing
directly above the repository. The EPA has sampled on arange of 1 to 60%, but has provided no
basis for assuming less than 60%. Based on the arguments that the geophysical (Time-domain
electro-magnetic survey) data may be interpreted to indicate the brine to be under 60% of the
repository, and that some boreholes adjacent to the brine producing boreholes are known to be
dry, the EEG iswilling to accept the assumption of afixed 60% probability of encounter, and
recommends that a new performance assessment calculation be run with this fixed value.

Assurance Requirement/Engineered Barriers

The EEG believes that in allowing the resource disincentive requirement of the EPA standards (40
CFR 191.14 e) to be satisfied if the numerical containment requirements (40 CFR 191.13) are
satisfied (through 40 CFR 194.45), the EPA deviated from the basic philosophy of the *belt-and-
suspender” approach inherent in the assurance requirements of the standards. Faced with the fait
accompli of promulgation of 40 CFR 194, the EEG recommended (EEG-61, May 1996) that at
least the actual conditions at the site related to the presence of natural resources be fully and
conservatively assumed in projecting compliance with the numerical containment requirements.
This does not appear to have been done in the CCA, judging from the DOE resistance to
consderation of fluid injection, air drilling, and mining scenarios. The other suggestion made by
the EEG (in EEG-61) isto compensate for siting the repository in a mineral resource rich area by
incorporating robust engineered barriersin the WIPP s design. The DOE has proposed
Magnesium Oxide backfill as an engineered barrier, but that is needed for assuming low actinide
solubility to show compliance with the containment requirement. The “containment” and the
“assurance” requirements of the EPA standards thus have not been kept separate, as was intended
by the EPA standards, 40 CFR 191.

The EEG recommends that additional confidence in predicting the behavior of the waste over
10,000 years can be obtained by processing the waste. Hence, EPA should encourage the DOE
to process the waste before shipment to WIPP. TRU waste is highly heterogeneous and there are
no limits on the allowable particle size of the waste. The Nuclear Regulatory Commission
requires a 300 year waste-form or container longevity for class B or class C low-level waste,
whereas there are no requirements for the TRU containers or the waste-form in 40 CFR 191.
Moreover, the DOE proposed action in the WIPP 1997 Environmental Impact Statement only
commits to meeting the Waste Acceptance Criteriafor acceptance of waste at WIPP. The DOE
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preferred alternative, published in the 1997 Fina Waste Management Programmatic
Environmental Impact Statement for Managing, Treatment, Storage and Disposal of Radioactive
and Hazardous Waste, isto treat and store at the sites where it is generated prior to shipment to
WIPP.

The recommendation to treat the waste before shipping to WIPP should be easier to accomplish
because severa of the DOE’ s waste generator sites are planning to process and/or repackage the
waste before shipping to WIPP anyway, for other reasons, as described below. The EPA’s
directive will result in an orderly and coordinated decisions on this matter throughout the DOE
weapons complex, and will make WIPP safer.

According to the September 1997 WIPP Final Supplemental Impact Statement (DOE/ES-
0026-S-2), 27,000 m® of alpha emitting low level waste at INEEL will be processed to
convert it to TRU waste.

The information for the following processing and repackaging plans is derived from the National
TRU Waste Management Plan, DOE/NTP.-96-1204, Rev.1.

INEEL plansto process all the existing and projected TRU waste except for 15,000 drums
(3,000 m®) to meet the INEEL/State of 1daho agreement, which amounts to processing
79,600 m® - 3,000 m® = 76,600 m® of waste.

ANL-E plansto treat and stabilize all the 203 m® existing and newly generated CH-TRU
waste.

Hanford plans on repackaging most of its 16,127 m® of CH-TRU waste.

Rocky Flats Plant will process the plutonium residues and the scrap alloy since plutonium
concentrations exceed the DOE limits. About half the other TRU waste will be processed and
repackaged.

The Plutonium-238 heat source wastes at Savannah River exceed the hydrogen gas limits
imposed by NRC and will require treatment or an easing of the regulations for aless stringent
flammable limit or the use of hydrogen getters in the transportation containers.

All the 1097 m® CH-TRU waste at ORNL will be processed with a 50% volume reduction.

SRS plans to process and repackage 9,525 m?® of the existing 11,725 m® of CH-TRU waste.
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In summary, of the existing 104,400 m® of CH-TRU waste, DOE has plans to treat or
repackage 88,900 m® or 85%. Of the 15,500 m® not being processed, 3,000 m® isintended
for shipment to meet a scheduled commitment between DOE and the State of 1daho. The
EPA should recognize DOE's efforts in stabilizing the waste and encourage DOE to also
fix the yet-to-be generated waste.

We look forward to continuing the dialogue with you to resolve these and other issues.

Sincerely,

Robert H. Neill
Director

RHN:js
Enclosures

cc: Mr. Richard Wilson, EPA
Mr. Larry Weinstock, EPA
Ms. Mary Kruger, EPA
Mr. Chuck Byrum, EPA
Mr. Tom Peake, EPA
Mr. George Dials, DOE
Mr. Chris Wentz, NMEMNRD
Mr. Lindsay Lovejoy, J., NMAG
EPA Docket for WIPP (A-93-02)



(Enclosure 1 to the 12/31/97 Letter From R.H. Neill, EEG to F. Marcinowski, EPA)
Issue: Solubility Modeling

The modeling of solubility changes to the PAVT started with the re-running of the ‘Source Term’ files. The Latin Hypercube
Sampling (LHS) generated a range of solubilities in the CCA that were 2.0 and 1.4 orders of magnitude below and above the median
vaues, respectively. For the present model the range of solubilities were reduced to a constant value, based on solubilities of ‘No
Backfill’ from Van Bynum (1997), and Nesquehonite in Novak (1997). The parameters of SOLSIM (solubility factor for Salado)
and SOLCIM (solublity factor for Castile) (DOE, 1996-Appendix PAR) were changed for the oxidation states of +3, +4, and +6.

Table 1 shows the values used to replace SOLSIM and SOLCIM for al the actinides for the different mineral types. Again, the range
from -2.0 to 1.4 with a cumulative continuous distribution was changed to the vaues below with a cumulative discrete distribution.
One hundred vectors were created for all six scenarios of the first replicate with the new LHSfile.

Once Source Term files were created, PANEL was rerun with the new solubilities usng BRAGFLO files of the PAVT. The
BRAGFLO files supply the velocity information for PANEL to use in the transport equations. The PANEL ‘concentration’
simulations were ran for 100 vectors of S1 and S2 scenarios. The PANEL ‘time simulations were reran for 100 vectors of S6 for
times 100, 350, 1000, 4000, 6000 and 9000 years postclosure.

Lastly, the PANEL files were incorporated into the CCDFGF to create CCDF curves for comparison with 40 CFR Part 194. In
addition to the Nesquehonite and No Backfill simulations with PANEL to create the new CCDFs, the CCA PANEL files containing
CCA solubilities were used with PAVT releases of direct brine release, cuttings, spallings, and transport through the Culebra. Figure
1 shows the CCDF results of the different solubilities.

The figure shows that none of the curves violate the standard. The CCA solubility model has an estimated release of 0.45 EPA units
at the 10° probability level. Thisisdightly higher than the 0.37 EPA units of the PAVT model and 0.22 EPA units of the CCA. The
releases are shown to increase to 6 EPA units for Nesquehonite solubilities and to 7.5 EPA units for ‘No Backfill' solubilities. The
EPA compliance limit for the 1®probability level is 10 EPA units, or 3500 Ci for Plutonium, Uranium, Thorium, and Americium.
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Nesquehonite No Backfill

SOLCIM SOLSIM SOLCIM SOLSIM
SOLAM3 1.51616 -.27709 4.48678 3.83714
SOLPU3 1.51616 -.27709 4.48678 3.83714
SOLPU4 5.23242 2.15588 4.06695 2.05552
SOLU4 n/a 2.15588 n/a 2.05552
SOLU6 0.95861 0.96357 0.95861 0.96357
SOLTH4 5.23242 2.15588 4.06695 2.05552

Table 1. Solubility Factors for SOLCIM and SOLSIM
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Figure 1. CCDF Overal Mean for Solubility Modeling with the CCA, Nesquehonite, and
‘No Backfill’ Values.



(Enclosure 2 to the 12/31/97 Letter From R.H. Neill, EEG to F. Marcinowski, EPA)
Issue: Three Dimensional Processes and Boundary Conditions

Problem Description

The EEG firgt brought thisissue to the EPA’ s attention as an attachment titled ABrine Inflow From Salado: 2-D versus 3-D Geometry
in BRAGFLO to the 3/14/97 letter from R.H. Neill to F. Marcinowski. The DOE submitted a response as an attachment to the
6/27/1997 letter from G.E. Didsto L. Weinstock. The Draft Rule includes this issue as Issue F in CARD #23. The EEG position is
summarized as Comment #553 on page 115 of CARD #23, and the EPA response is provided on page 116. Thisissue was presented
by the EEG to the EPA on December 10, 1997 as 2D/3D Modeling in BRAGFLO.

The FEP Screening Analysistitled S1: Verification of 2D-Radia Flaring Using 3D Geometry (Vaughn et al., 1996) compared the two
dimensiona radia flaring model of BRAGFLO used in the CCA performance assessment to athree dimensional BRAGFLO mode of
the repository. The 3-D mode calculated alarge flow of brine into the repository after the pressure reached the anhydrite fracturing
pressure. Thelarge flow did not occur in the 2-D model. Figure 1 shows the pressure history for the two models. The scenario used
for the investigation included a drilling intrusion at 1,000 years, accounting for the large drop in pressure at that time. Our concern is
the difference in behavior of the two models after the pressures reach 12.7 MPa but prior to 1,000 years.

Figure 2 depicts the calculated brine inflow and outflow rates. The figure shows a large difference in calculated inflows of the two
models during the period of 700 to 1,000 years. Figure 3 reinforces the perception that the brineinflow in the 3-D modd islarge. As
shown in Figure 3, during the 700 to 1,000 years period the 3-D model shows a decrease in gas saturation of 0.05. Our concern is
that if the brine inflow calculated in the 3-D modd persists for thousands of years then the 2-D model calculations significantly under-
predict repository saturation at high pressures.

Greater saturations could lead to much larger direct brine release calculations. Figure 4 (Figure 5.1.5 of Helton) is the basis of this
contention. Figure 4 depicts the relaionship of caculated direct brine releases to repository conditions at three separate times. The
average repository brine saturation and repository pressure are plotted for each vector on the horizontal plane. A vertical line connects
the plane to a smal circle a the level of the vertica axis corresponding to the volume of brine calculated to reach the surface.
Calculated releases greater than one cubic meter are highlighted using afilled circle.

Figure 4 indicates that there were few calculated direct brine releases when the calculated repository pressures exceeded 12.7 MPaand
amost none when the pressure exceeded 14 MPa. Almogt dl of the larger caculated direct brine releases occurred when brine
saturations were above 0.5, a condition never caculated at pressures above 14 MPa. The FEP S-1 andysi's suggests that the potential
for many of the vectors with great repository pressure to aso have large brine saturations. Thus calculated direct brine releases might
have both larger volumes and greater frequency in the performance assessment.

EEG Assessment of DOE Response to Comment # 553

The major concern of the EEG is that the 3-D modeling of the repository system indicates the potentia for large brine inflow to the
repository at high pressure which leads indirectly to the potentia of larger direct brine releases than calculated in the CCA. The DOE
has presented three independent lines of reasoning to indicate that the EEG’ s concern is unwarranted. [f convinced that any of these
lines of reasoning are correct then the EEG will concur with DOE’s assessment that the issueiis of little concern.

DOE's three arguments are: 1) Additiona brine will be consumed by corrosion and the resultant gas generation will not cause greater
repository pressures. 2) The difference in the two dimensionad and three dimensiona models only occurs at pressures above those
caculated during the performance assessment for CCA. 3) The changes in the repository consistent with the three dimensional model
are of little consequence to the performance assessment.

At this time, the first two of the lines of reasoning appear to be flawed. The third argument relies on the CCA values of actinide
solubility that the EEG is not convinced are correct.

1. Additional brine will be consumed by corrosion and the resultant gas generation will not cause greater repository pressures.

That additiona brine inflow will lead to more gas generation is not questioned. The flaw in this argument is that the potentia brine
inflow istoo large to be consumed in ashort period and could lead to large enough amounts of additional gasto significantly effect the
pressure. The result could be both larger brine saturations and higher pressures. Figure 1 indicates that lower pressures are adso
possible. In the FEP S-1 the rate of gas generation was assumed to be constant. Thus, there was no feedback between brine inflow
and gas generation in the FEP S-1 study.

The DOE cites the amount of iron remaining in the repository (Figure 5; DOE, 1996 Figure 12-13) as support for the argument that
more brineinflow will lead to more gas generation not higher saturations. Figure 6 (Figure 2.2.9 of Helton) shows less iron remaining



in the lower (waste) panel, presumably due to relatively more brine inflow to the lower panel (Pg 2-18 of Helton, 1996). Figure 7
(Figure 2.2.7 of Helton, 1996) shows that at most 30,000 cubic meters of brine are predicted to be consumed through iron corrosion.
In most vectors, the calculated brine consumption was less than 15,000 m®. In many, brine consumption continues though-out the
10,000 year compliance period. Other vectors show a secession of brine consumption after less than 2,000 years, presumably due to
exhaustion of available brine (See Section 2.2 of Helton). Figure 2 suggests that brine inflow from fracturing may be on the order of
10 m*/ year or more and continue for hundreds to thousands of years. Drawn on the Figure 7 is a line with a slope of 10 m? / year.
Comparing the brine consumption with this dope indicates that the potentia brine flow is large compared to the rate of brine
consumption. The potential brine inflow is greater than 10,000 m®. Most of this flow would likely be into the lower pand. The
maximum amount of brine consumed in the lower panel was 6,000 Figure 8, Figure 7.2.1-10 oBean et al.).

2. The difference in the two dimensional and three dimensional models only occurs at pressures above those calculated during the
performance assessment for CCA.

DOE cites Figure 9 (Figure 2.3.2 of Helton), showing the 10, 50 and 90 percentile pressures for each replicate for the 10,000 years, as
demonstration that pressures will not increase greatly above 12.7 MPa. In fact, Figure 10 (Figure 2.3.1 of Helton), which depicts the
pressure history of each vector of replicate 1, indicates that many of the calculated pressures were greater than 13 MPa and that for
one vector the calculated pressure reached closeto 16 MPa. 16 MPaisless than 2 MPabeow the 17.5 MPa peak pressure of the 2-D
smulation of the FEP S-1 andlysis (Figure 1). The DOE has offered no explanation of what happens between 16 and 17.5 MPato
cause such large brine inflow in the 3-D ssimulation but not the 2-D simulation. A believable explanation is that the change occurs at
initiation of anhydrite fracturing not just above 16 MPa.

3. The changes in the repository behavior consistent with the three dimensional model are of little consequence to the performance
assessment.

There are two obvious potential impacts on the performance assessment cal culations from greater pressure and brine saturationsin the
repository. Greater pressures would lead to larger calculated releases from the spallings model. If the spallings model described in
Hansen et a. is correct then it is unlikely that the volumes brought to the surface because of greater pressures would approach those
calculated in the CCA.

Either greater pressures or saturations could lead to much larger direct brine release calculations. Figure 4 indicates that there were
very few calculated direct brine releases when the calculated repository pressures exceeded 12.7 MPa and dmost none when the
pressure exceeded 14 MPa. Almogt al of the larger calculated direct brine rel eases occurred when brine saturations were above 0.5, a
condition never calculated at pressures above 14 MPa. The FEP S-1 analysis suggests that the potential for many of the vectors with
great repository pressure to also have large brine saturations. Thus calculated direct brine rel eases might have both larger volumes and
greater frequency in the performance assessment.

Direct brine release was a minor component of the total calculated radionuclide releases in the CCA ( Figurell; Figure 6-41 of the
CCA). The volumes of direct brine release would have to be two orders of magnitude greater to have an impact on agreement with
the containment requirements which is large in relation to a possible increases in the caculated volumes of brine brought to the
surface through direct brine release. However, the radionuclide content of brine brought to the surface may be underestimated in the
CCA which would make direct brine release of greater significance to the performance assessment (See EEG comments on solubility).

EEG Response to EPA’s Resolution of Comment # 553.

The EPA’s resolution of this comment relies on the fact that Abrine and gas saturations are inversely related. This relationship does
not necessarily lead to higher brine saturations indicating lower pressures or less gas in the repository. The statement AThe fact that
the 2-D model may overestimate gas saturation by underestimating brine saturations will lead to the prediction of higher gas pressures
than those that would have been predicted with the 3-D configuration and thiswill result in more conservative estimates of releases. @
isaconclusion that the 3-D modeling results may indicate is not valid.

Consider Figure 4. Thisfigure provides a plot of calculated brine saturation and pressure conditionsin the repository at three separate
times for undisturbed performance. This figure shows a correlation of brine saturation with repository pressure. There are at least
three mechanisms that may lead to such a correlation:

A) Faster corrosion rates lead to more gas generation, less brine and greater pressures. Table 1 (Table 2.3.1 of Helton) lists the
parameters most closely correlated with pressure in the lower waste panel. The list results from a step wise rank regression of the
sampled parameters with pressure.  The parameter that correlates the most pressure is listed first.  The table lists the microbia
degradation of cellulose and rubber and plastics (WMICDFLG) as the most important factor with haite porosity (HALPOR) next.
Table 1 indicates that sampled corrosion rate (WGRCOR) is not a dominant factor in repository pressure.  Halite porosty is a
reasonable surrogate for brine availability (see Figure 2.1.5-dton).



Table 2 (Table 2.2.2 of Helton) lists halite porosity as by far the most important controlling factor over iron consumption. The second
most important factor is the corrosion rate. Other parameters identified as dightly correlated with repository pressure and fraction of
sted remaining a'ee ANHPRM (unfractured anhydrite permesbility), SALPRES (Far fied pressure in the Sadado Formation),
SHRGSSAT (residual gas saturation in the shaft sedl), and WASTWICK (the parameter describing the tendency of brine to be pulled
above the lower part of aroom by capillary forces)

Figure 12 (Figure 2.4.3 of Helton) provides important supporting evidence. The figure presents the fraction of iron remaining in the
lower waste panel (FEREM_W) or in the rest of the repository (FEREM_R) with respect to hdite porosity, microbia degradation,
stedl corrosion rate.  The plots of remaining iron and halite porosity suggest that a sufficient supply of brine is needed for iron
consumption but other factors also limit corrosion. The main factor is probably corrosion rate. Figure 12 shows that low corrosion
rates limit iron consumption, but that predicted iron consumption is not strongly dependent on corrosion rate. The comparison of iron
remaining to microbia degradation is important because its strong correlation with repository pressure (Table 1). These plots show
that the fraction of iron remaining in the repository is only weakly correlated with microbia degradation and that the corrdlation is
positive e.g. microbial degradation, hence pressure, isinversaly correlated with iron consumption. This inverse correlation is probably
linked to the availability of brine.

B) Less brine flows into the repository at high pressures, at least in the 2-D BRAGFLO model used for the CCA performance
assessment.

C) The repository inflates as the pressure rises (Figure 13; Figure 2.3.5) leading to more void space and lower saturations per unit
volume of brine. Figure 13 indicates that the calculated void space in the repository is twice as large a 12 MPathan at 5 MPa and
nearly three times at 16 MPa. Thus, the correlation of brine volume to pressure is much weaker than the correlation of saturation to
pressure seen in Figure 4.

The FEP S-1 screening analysis concluded that the increased brine inflow to the repository in the 3-D smulation did not increase
release to the accessible environment through the marker beds. The EEG agrees with this conclusion. 1t has not been demonstrated,
however, that the increased flow into the repository predicted using the 3-D geometry will not lead to much greater releases from
human intruson. The 3-D modeling indicates that there is a potentid for the combination of high pressure and relatively high brine
saturation in the repository at the same time. This combination did not occur in the performance assessment modeling for the CCA
and thus conclusions of the impact on radionuclide releases due to human intrusion can not be assessed using the CCA performance
assessment.

The DOE has not yet demonstrated that the performance assessment modeling for the CCA accurately represents the potential
repository conditions. Theresults of FEP S-1 screening analysis suggest that the two dimensiona BRAGFLO model used in the CCA
calculations may be misrepresenting repository performance at pressures above the anhydrite fracture pressure.

Recommendations for Resolving the Issue

To resolve this issue, the EEG recommends that a few 3D BRAGFLO simulations of the repository should be performed using the
parameter values of vectors used in the CCA performance assessment. The 3D BRAGFLO simulations should be used to provide
repository conditions for the normal suite of direct brine release caculaions. The caculaions should aso be assessed in terms of
impact on spalings calculations. Spallings simulations are probably not required to assess the impact. The following criteria may be
used to select the CCA vectors for running the 3D simulations to bound the magnitude of the problem:

Since the discrepancy occurs above the fracture initiation pressure, the simulations should be limited to parameter vectors
that result in pressures above 12.7 MPa at some time during the 10,000 year time frame.

Direct brine release cd culations should be sensitive to increased brine saturations above the waste residud brine saturation.
Vectors that had either large brine saturations or a mobile brine component (saturations above the resdua saturation) are
more likely to be sensitive to increased brine inflow. Figure 5.1.5 of the preliminary senditivity analysis report (Helton,
1996) indicates one vector with a 10,000 year pressure above 14 MPa and a brine saturation above 0.4. Thisis alikely
candidate.

The potentia for brine consumption by corrosion should be assessed. Vectors with both dow and fast corrosion rates that
also meet the above two criteria should be run.

If the first smulations indicate a large change in saturation, then assess whether the 3D BRAGFLO smulations indicate a
much larger number of significant direct brine releases than those caculated in the CCA. Simulations using brine
saturations on the order of 0.1 and 0.3 should be performed.
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Figures
Figure 1: Average Pressure in Repository, FEP S-1 Analysis
From Vaughn et al, 1996.

Figure 2: Cumulative Net Brine in and outflow at Repository, FEP S-1 Analysis
From Vaughn et al, 1996.

Figure 3: Average Gas Saturation in Repository, FEP S-1 Analysis
From Vaughn et al, 1996.

Figure 4: Three dimensional scatter plots for volume of brine reaching the surface due to direct brine release for a drilling intrusion
into the lower panel.
From Helton, 1996.

Figure 5: Fraction of Initial Iron Remaining in Repository
From: DOE, 1996.

Figure 6: Remaining Fraction of Steel Inventory in Waste Panel
Modified from Figure 2.2.9 in Helton, 1996.

Figure 7: Cumulative VVolume of Brine Consumed by Corrosion in the Repository
Modified from: Helton, 1996.

Figure 8: Cumulative Volume of Brine Consumed in the Waste Panel
From Bean et al., 1996

Figure 9: Percentile curves for three replicated LHSs for pressure in waste panel
From: Helton, 1996.

Figure 10: Pressure in waste panel
Modified from Figure 2.3.1 of Helton, 1996.

Figure 11: Mean CCDFs for Specific Release Modes, Replicate 1.
From DOE, 1996.

Figure 12: Scatter Plots of the Fraction of Iron Remaining in the Waste Pandl (Right Frames) and Rest of the Repository (Left
Frames) for Undisturbed Conditions at 10,000 Y ears.
From Helton, 1996.

Figure 13: Scatter plot of pressure versus total pore volume in the repository.
From Helton, 1996.

Tables
Table 1: Stepwise Regression Andysis with Rank-Transformed Data for Pressure in the Waste panel at 10000 years. From Helton,
1996.



Table 2: Stepwise Regression Analysis with Rank-Transformed Data for Fraction of Steel Remaining and Tota Gas Generation in
Upper and Lower Waste Panels at 10000 years.
From Helton, 1996.

FULL TEXT OF ORIGINAL EEG COMMENT
Environmental Evaluation Group Review of the WIPP-CCA, 3/14/97
BRINE INFLOW FROM SALADO: 2-D VERSUS 3-D GEOMETRY IN BRAGFLO

The 2-D geometry used in the BRAGFL O appears to have caused an under-prediction of brine inflow to the repository and thus may
have resulted in a significant under-prediction of the direct brine release. This assumption may aso have effected the amount of
releases predicted by the spallings scenario.

The justification for modeling the repository in a pseudo 3-D manner (2-D radia flaring) rather than in afull 3-D geometry has been
provided through evaluation of FEP S-1. The summary memo of record for the FEP S-1 screening analysis' discusses the impact of
the 2-D assumption on 1) brine flow through the anhydrite layers to the 2.4 km boundary, 2) flow to the top of the shaft, 3) brine flow
up the borehole, and 4) the repository pressure. This memo does not consider the effects of the 2-D assumption on the inflow of brine
to the repository, and on the spallings or direct brine releases.

The amount of projected inflow of brine in the repository directly effects the gas pressure in the repository. Table 5.5.3 of the
sensitivity analysis report® lists the residua gas saturation as the parameter with the strongest influence on the projected direct brine
releases. This is adso shown in Figure 5.1.5 of the senditivity analysis report (the attached Figure 1). In addition, brine inflow is
important to the spallings release estimates through increased gas generation.  This dependence is made clear in Table 4.4.3 of the
sengtivity anaysis report which lists haite porosity, a large source of brine, as the second most important parameter to spallings
releases.

The screening analysis compared 2-D simulations of the repository to 3-D simulations of the repository. For computationa efficiency,
the calculations were performed for haf the repository. Two sets of ssimulations were conducted for the analysis. One sat of
caculations used a gas generation rate below the level that would cause anhydrite bed fracturing. The second used twice the gas
generation rate to ensure anhydrite bed fracturing. In both sets, less brine-inflow occurred in the 2-D case compared to the 3-D
geometry. No dependency of gas generation on brine inflow to the repository was included in the calculations; gas generation was
prescribed as a function of time, ending after 1,000 years in the screening calculations.

The largest impact of 2-D geometry occurs with anhydrite bed fracturing. The 3-D mode predicts the flow into the repository to
significantly increase if the anhydrite beds fracture, while the 2-D modd predicts the flow to decrease in relation to caculations
without anhydrite fracturing.

Figure 15 of the FEP S-1 andysis (Figure 2) shows the cumulative brine inflow to the repository for the high gas generation
caculations. The flows calculated using the 3-D model indicate that once anhydrite bed fracturing occurs roughly 2x10° kg (1,600 m?)
of brine enters the repository in a period of 200 to 300 years and that this flow rate was continuing unabated at the time of drilling
intrusion. Another 4x10° kg (3,200 m®) flowed into the repository shortly after the drilling intrusion. Figure 2 shows differences of
4x10° to 6x10° kg (3,200 to 6,500 m?) for much of the 10,000 years. The brine inflow differences listed above should be doubled for
the full repository. Virtualy no flow enters the repository as a result of anhydrite bed fracturing in the 2-D geometry. In fact, the net
flow over the 10,000 year simulation is less with anhydrite fracturing compared the smulation without the beds fracturing. Figure
2.1.4 of the sensitivity analysis report? (Figure 3) indicates very little marker bed inflow with microbia gas generation of plastics and
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rubber, supporting the findings of the FEP andysis. Figure 5.1.5 of the sensitivity analysis report reveals the importance to direct brine
release of these low brine inflows. The highest pressures are correlated with brine saturations below the residual brine saturation of the
waste. The low saturations are due partly to increasing repository pore space with increasing pressure and partly to lower brine inflow.

Table 2.5.13 of the sensitivity analysis report indicates that the potentia for anhydrite bed fracturing ishigh. As a crude approximation,
consider the undisturbed scenario of atotal fracture-enhanced flow of 20,000 m® over a period of 2,000 years. The highest repository
pressure in the FEP S-1 calculations was 13 MPa [Correct value is 16.5 MPa]. This corresponds to a repository pore space of 85,000
m® (Figure 2.3.5 of the sengitivity analysis report)[at 13 MP4]. The increased brine flow would increase the average brine saturation by
0.23. The CCA cdculaions do not include smulations of both very high pressure and brine saturations above the residua brine
saturation of the waste. Inspection of Figure 5.1.5 suggests a significant impact from a 0.23 saturation shift at high pressures.

The simulations without anhydrite fracturing show a decrease of 1x10° to 2x10° kg ( 800 to 1,600 m?) in predicted brine inflow in the
2-D smulations compared to the 3-D simulations(Figure 4; Figure 10 of the FEP S-1 memo). These flows are doubled for the full
repository. The differences are most likely from differences in marker beds flows to the repository.

To put these brine inflow differences in perspective, note that average brine inflow to the repository in the CCA caculations of the
similar S5 scenario was almost 40,000 m?, with an average 8,000 m® from the marker beds?. Marker bed brine flows in the S5 scenario
are dominated by flows under low pressure conditions. The marker bed flows are a more significant concern in the S1 undisturbed
scenario. An average of roughly 3,000 m® flowed into the repository from the marker beds in the S1 CCA calculations. To
approximate the brine flow error in the undisturbed calculations for pressures below the anhydrite fracture threshold, we ratio the FEP
S-1 differences by 3,000/8,000 - resulting in the range of 600 to 1,200 m® less brine inflow to the full repository. If 1,200 m?® of brine
were distributed throughout the entire repository it could increase the average saturations by 0.015 to 0.03 (0.04 to 0.08 in the S5
scenario and 0.16 to 0.32 after anhydrite fracturing in an S5 scenario). It is more likely that much of the additiona brine would be
consumed through increased gas generation, leading to higher repository pressures.

There are indications in the sensitivity analysis report that the computationa grid effects the distribution of brine within the repository in
addition to the overall magnitude of brine. One indication is the statement on page 2-26 that "Due to the computational grid in use
(Fig. 1.2.1), the lower panel receives more brine inflow from the marker beds rdlative to its size than the upper waste pandls (Fig.
2.1.2)." Ancther indication may be the importance of the residual gas saturation of the shaft sedls to flow through the marker beds
(Table 2.1.1 of the sensitivity analysis report). As stated in the report, "its selection may be due to effects related to brine and gas
movement across the part of the computational grid that corresponds to the shaft in the repository and DRZ (i.e., regions 10,11 in Fig.
1.2.1)." Asaresult, the upper waste panels receive roughly one ninth of the brine inflow from the marker beds per pand as the lower
waste panel. In alarge fraction of the sampled vectors, gas generation stopsin the upper panels because of limited brine availability for
steel corrosion. Thus, the CCA calculations are under-predicting repository pressure as well as brine saturation.

The EEG concludes that the use of a 2-D geometry in the BRAGFLO may introduce significant non-conservatism into the CCA
cdculaions. The FEP S-1 needs to be re-examined with appropriate consideration of the impact of increased brine saturation on
calculated release estimates.

DOE Response to the EEG Comments

Attached to Letter by GE Dialsto L. Weinstock, DOE Response to Comments made to EPA by EEG on the DOE’s CCA Dated March
14, 1997., June, 27, 1997.

Brine inflow to the repository

Vaughn et al. justified the use of the 2-D radid-flaring BRAGFLO model by comparing the results of the 2-D model with those of a
corresponding 3-D model. However, the limits of the andysis exceeded the highest predicted pressures in the repository by
approximately 4 to 5 MPa.

The 2-D and 3-D model results show reasonable agreement, except under conditions where fracturing of the anhydrite beds occurs (at
pressures above 12.7 MPa). The 3D model predicted a greater flow of brine into the repository than the 2-D model when the pressure
in the repository was sufficient to increase porosity in the fractured anhydrite beds. However, the high constant gas generation rate
assumed in the Vaughn et al. analysis resulted in peak average pressures in the repository of about 17.5 MPa (2-D BRAGFLO) and
16.5 MPa (3-D BRAGFLO) (Vaughn et al., Figure 11) (not 13 MPa as stated by the EEG), which are greater than the highest pressures
expected in the repository (see Helton, Figure 2.3.2). Thus, the large increases in average anhydrite porosity and associated brine inflow
predicted by 3DBRAGFLO are not likely to occur in the repository.

Vaughn et al. assumed constant gas generation rates with no brine consumption. In reality, any additional brine entering the repository
would likely be consumed by gas generation processes, which would limit brine saturation. PA caculations show that significant



amounts (at least 409G of the initial inventory) of uncorroded iron will persist throughout the 10,000 year regulatory period under
conditions of undisturbed performance (CCA Figure 9-10). The extent of corrosion is limited by the amount of brine available, and the
iron inventory will not be exhausted as a result of the increase in brine flow to the repository predicted by 3D-BRAGFLO. Subsequent
to an intrusion the pressure within the repository is relieved and remains below the fracture initiation pressure.

EEG acknowledges that higher brine saturations would not necessarily occur as a result of increased brine flow to the repository, but
that increased brine flow would lead to increased gas generation. Increased volumes of gas generated at high pressures (above 12.7
MPa) would tend to result in increased porosity in the fractured anhydrite rather than significant increases in pressure. Helton (Figure
2.3.1) showed that repository pressures do not increase greatly above 12.7 MPa (after fracturing has occurred).

Pressures sufficiently high to cause fracturing (12.7 MPa) tend to occur at low brine saturations (Helton Figure 5.1.5) due to the
consumption of brine by corrosion. If brine inflow occurs at the high pressures suggested by the 3-D BRAGFLO andlysis (in excess of
16.5 MPa), then brine saturation in the repository could increase. The EEG suggests that brine saturation could increase by as much as
23 % at such pressures. However, as discussed above, this value of pressure is unredistically high given that gas generation processes
could consume most of any additiona brine entering the repository. Nonetheless, even with the unredistic assumption that brine
saturation increases by 23%, Figure 5.1.5 of Helton shows that the number of smulationsin which direct brine release resulting from a
drilling intrusion occurs would not increase significantly. Although accounting for higher brine saturations could increase cumulative
direct brine releases, the overal CCDFs from all release pathways would be little changed because of the relatively minor contribution
of direct brine release to overall releases (CCA Figure 641).

In summary, the set of conditions where the 3D-BRAGFLO and 2D-BRAGFLO do not show good agreement (average pressures
above 16 MPa) are not expected to occur in the repository. Even if such pressures did occur, resulting in anhydrite fracturing and
porosity increase, the brine inflow predicted by 3BRAGFL O would have little effect on direct brine release during a drilling intrusion.

EPA Response to Comment # 553

EPA disagrees with the comment. The work that is most relevant to this concern is the FEP Screening Analysis titled S1: Verification
of 2D-Radia Faring Using 3D Geometry, WBS No. 1.1.6.3, SANDIA WIPP CENTRAL FILES-A: 1.2.07.3: PA:QA:TSK:SL,
ERRATA - February 19, 1996 (SNL WPO #30840). In this work, a simplified version of the two dimensional CCA PA grid was tested
againgt a corresponding three-dimensiona (3-D) model. BRAGFL O was used in both two-dimensiona (2-D) and 3-D ssimulations, and
TOUGH28W was used to model the 3-D simulations only. Simulation results were compared for cases with an average repository gas
generation rate, and a gas generation rate that was double the average. The results of the second case, in which the gas generation rate
was doubled, indicates that a combination of pressure induced fracturing and the 1-degree dip cause flow paths which are different for
the 2-D and 3-D grids. Once fracturing of the interbeds occurs, the 3-D mode! displays an immediate migration of gas primarily out of
the west side of the repository into the anhydrite layers, accompanied by brine inflow to the repository. This phenomenon is not seeniin
the results from the 2-D model, in which the west side of the repository is ano flow boundary, which demonstrates that the 2-D and 3-
D smulations show local variations. However, the results also show that the predictions of brine flow to the accessible environment are
similar for both 2-D and 3-D grids. With respect to increased brine saturation, Figures 7 and 12 of the FEPs Screening Analysis
referenced above (WPO# 30840), shows the average gas saturations cal culated with the 3-D simulations of TOUGH28 and both the 2-
D and 3-D versons of BRAGFLO. Simulation results are compared for the base case and twice the base case generation rates,
respectively. These curves indicate that gas saturations are higher in the 2-D simulations (WPO# 30840, page 27). Since brine and gas
saturations are inversely related a similar trend would be observed for the brine saturations. In the Performance Assessment Verification
Test (PAVT) , it was determined that the greatest potentia releases could be attributed to those associated with spallings and direct
brine releases. Furthermore, these releases are pressure controlled and will not occur if repository pressures are below 8 MPa. The fact
that the 2-D modd may overestimate gas saturation by underestimating brine saturations will lead to the prediction of higher gas
pressures than those that would have been predicted with the 3-D configuration and this will result in more conservative estimates of
releases. Based on this, EPA bdlieves that the 2-D geometry used in the BRAGFLO CCA PA caculations is a reasonable smplification
and that the predicted results are conservative.
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(Enclosure 3 to the 12/31/97 Letter From R.H. Neill, EEG to F. Marcinowski, EPA)
Issue: Compliance Failure as a Result of Spalled Material Reaching the Accessible Environment

Introduction

Theissue of spalled materia reaching the ble environment at the WIPP has undergone much research within the past few years
(Berglund, 1994; DOE, 1996; Hansen et a., 1997). Spall isthe mechanical failure of waste due to high repository gas pressures that
could be induced by adrop in pressure from a drilling intrusion. This process of waste removal has been included in the Performance
Assessment calculations of the CCA. Y, the amount that will actually reach the surface it is till unclear. Spalings are very
important to the compliance of the disposa system, because the large release of radionuclides in the spalled material may prove the
repository to be unsafe to future generations.

The three mechanisms of spall include blowout, stuck pipe and gas erosion, with the latter two being diminated from caculations at
the WIPP. It has been estimated that stuck pipe and gas erosion could bring more waste to the surface than blowout (Berglund
(1994)). Blowout isthe removd of the drilling fluid from the wellbore from a high influx of gasinto the spalled cavity. The gaswill
cause some of the waste materia on the cavity wallsto fail in tension and be transported to the surface. High repository pressures and
high waste permeability are general repository conditions for blowout.

Stuck pipe is aprocess of spall that, due to relatively low permeability and high repository pressures, may cause failed waste to press
againg the drill string sufficiently hard to prevent norma drilling. The solution of a jammed bit is to pull the drill string up and start
drilling again. If the pressures remain high, the driller may have to bring the bit up severa times, thus allowing significant quantities
of waste to be brought to the surface. Gas erosion describes spall that is eroded by the drilling mud and may occur due to high
repository pressures and low waste permesability. The rate of spall is dower than stuck pipe due to dightly lower pressures than stuck
pipe (just above hydrogtatic), and may release waste into the drilling mud a a rate undetectable by the driller. Gas erosion could
continue until the repository pressureisin equilibrium with the drilling fluid, and may aso bring significant quantities of waste to the
surface. Stuck pipe and gas erosion releases would occur if the waste permesbility is less than 10%° m?  a permesbility threshold
defined in Berglund (1994) that is currently under question, and repository pressures are grester than the pressure exerted by the
drilling mud.

As part of the performance assessment, blowout calculations were performed, and volumes of failed waste material were estimated for
the CCA, which ranged from 0.5 m®to 4 m®. However, these calculations were found to be faulty by the DOE’s Conceptual Model
Peer Review Group (Wilson et a., 1997), and a new model for blowout was developed (Hansen et d., 1997). The new mode
showed that the CCA predicted blowout releases were conservative, by estimating a maximum release of only 0.27 m® at the worst
conditions of repository behavior.

Through an investigation of permeability of the new spallings modd, it is questionable whether the calculations of blowout is
sufficient in estimating releases to the surface. The model was run with arange of permesbility values consistent with Hansen et d.,
(1997), and was found to have high volumes of failed materia in the repository cavity when gas influx was insufficiently large to
cause blowout. Though blowout had not occurred, the failed waste in the borehole cavity would be introduced into the drilling mud
and be carried to the surface with other cuttings and cavings from borehole drilling activity. This defines gas erosion and was not
considered in Hansen et al., (1997).

More important to the question of the amount of waste released to the surface that will be expelled from the pressurized repository, is
the amount of spalled materia that will cause the repository to fail compliance. The performance assessment calculations of the CCA
(DOE, 1996) and PAVT (DOE, 1997) demonstrated that any combination of spalled releases from blowout from 0.5 m® to 4 m® will
demonstrate compliance. However, no one, as of yet, looked at the issue of failure. This report investigates the amount of spalled
material that would result in failure to meet the EPA compliance standards.

Discussion

For the performance assessment calculations of the PAVT, the EPA decided to sample blowout releases on arange from 0.5 m® to 4.0
m® with a uniform distribution assigned to that range. The result was an increase in the overall mean of releases for spalingsin the
CCDF from 0.04 EPA units at the 10™ probability in the CCA to 0.08 EPA Units in the PAVT. The increase was aso due to the
number of vectors that exhibited pressures above hydrostatic. The spallings and cuttings portions of the CCDF contribute equally to
the overall mean of the CCDF.

For a more complete view of spallings and its contribution to the overal mean of the CCDF, the values of 0.5 to 4 m® used in the
PAVT cdculations were increased by a factor until it was shown that there was failure of compliance. The factor ranged from 2 to
16, and was a very simple adjustment to the PAVT values.

The results of increased spall reaching the surface can be seen in Figure 1. The increase in spall was accomplished by multiplying the
PAVT generated releases by a factor of 2, 4, 8, and 16. These curves are seen in Figure 1, and are compared to the CCA releases.
The figure suggests that a maximum of 16 times the amount of spallings will cause the repasitory to fail at the 10 probability, which
corresponds to spallings releases between 8%and 64 nr.



Conclusion

The questions raised on the amount of spalled materia that will cause the disposa system to fail compliance is addressed here. The
concern of additional spalled materia that may reach the surface, by either a stuck pipe / gas erosion process, or through air drilling

can be seenin Figure 1. The figure shows that a maximum of 16 timesthe PAVT spalled release can be brought to the surface before
compliance of the disposal system is compromised if other modes of releases are held constant.
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(Enclosure 4 to the 12/31/97 Letter From R.H. Neill, EEG to F. Marcinowski, EPA)
Issue: Modeling the Air Drilling Scenario through a Direct Brine Release at the WIPP

Introduction

The practice of drilling with air as the circulation fluid in wells has been established in the Delaware Basin. On April 2, 1991 the
Lincoln Federal Well No. 1 in Section 26, T21S, R32E, NMPM, in Lea County, New Mexico was drilled with air after 11 days of
drilling with mud brine (Silva, 1994; EEG-55 p.63-64). The CCA did not consider the practice of drilling with air as a possible
method for well development.

The modeling of air drilling was first raised by Bredehoeft (1997). Bredehoeft addressed the concern of spaled (solid) materia that
would reach the accessible environment through an air drilling scenario. His results show that alarge amount of materia could reach
the surface, thus breaking the compliance standards set in 40 CFR Part 194 (EPA, 1997). Thisisthe first report to address the issue
of contaminated brine released after drilling with air. The issue is studied here, by applying amode to the release of brine through an
inadvertent drill intrusion into the WIPP repository.

Discussion

An air drilling scenario is investigated using the Sandia developed code for a brine release through an intruding borehole. The code,
BRAGFLO_DBR, is used adong with the same assumptions as the Performance Assessment Verification Test (PAVT), including the
BRAGFLO outpuit files, and CUTTINGS_Sfiles, but changing the boring fluid from a brine mud to air. The change in boring fluid
would decrease the pressure at the bottom of the borehole, thus allowing a higher release of brine to escape to the surface.

For blowout to occur, the pressure of the repository must be higher than the borehole pressure at the repository depth. For brine mud,
the pressure is assumed to be hydrostatic, or 8 MPa. For the air column, the air pressure will be very low, and was assumed to be
approximately 2 MPafor this model, thus alowing higher and more frequent blowout occurrences than higher pressures. The 2 MPa
is assumed to gpproximate the pressure exerted by a foam/air mixture a the depth of the WIPP repository. Air aone would exert
pressures far below that of foam/air combination. However, this cutoff is reasonable due to the extremely low number of vectors that
are expected to fal below the 2 MPa cutoff. One additiona change from the PAVT for modeling with air includes the density of the
drilling fluid from 1215 kg/rhfor brine to 1.161 kg/mifor air.

The model was run for an initial E1 intrusion at 350 and 1000 years, and subsequent E2 intrusions at 550, 750, 1200, 1400, 2000,
3000, 4000, 5000, and 10000 years post closure (S2 and S3 scenarios). The results, shown in Figure 1, demonstrates the danger of
drilling with air into the repository. The figure shows the results of 100 vectors for time 1200 years for S3, Replicate 1 using air as
the drilling fluid. A single redlization is shown to release as much as 2400 m® of brine to the surface at a second intrusion time of
1200 years. Thisis the highest brine release seen for al vectors at al times. The mean value for all releases at 1200 years is 436 m”.
The PAVT results show amaximum of 76 m® at 1200 years postclosure (DOE, 1997), and the CCA predicted a maximum release of
15 m* (DOE, 1997).

The high volumes of release seen in Figure 1 can be attributed to the high pressures of the repository. At 1200 years postclosure, the
repository pressure of vector 51, which has the highest releases, exceeds most other vectors at 13.3 MPa, and is ranked 4" out of 100
vectors for highest repository pressure.  Also contributing to its high release is the waste saturation.  Vector 51 has a saturation of
0.67, which has been seen in past sensitivity analyses (See Figure 5.1.5. of Helton, 1996) to be an ideal saturation for release.

Inherently, there are problems with using the BRAGFLO_DBR code this way. The model assumed an incompressible fluid in the
wellbore. Air is compressible, and the effects of incompressibility on the releases are not known.  There are also some questions of
whether the drilling fluid density change affected the whole repository or just the wellbore. This was a quick experiment, and these
questions will be investigated further by the EEG. However, the results seen in Figure 1 are believed to provide an indication of the
magnitude of potential releases.
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Figure 1. Air Drilling Results for 100 vectors of an S3 scenario at 1200 years postclosur

The carrying capacity of the brine to transport radionuclides to the surface depends on the solubility of the actinidesin solution. The
CCA’s median value of solubility for a+4 actinide (Plutonium (1), Uranium (1V), or Thorium (1V)) in Salado brine is approximately
4e-6 M. Thus, calculating the number of grams of Plutonium-239 (1V) for 2400 m® of brineis 2300 g. The grams can be converted
to activity, and the 2400 m® of brine can be calculated to carry 140 Ci, or 0.4 EPA units. Higher solubility values will result in higher
releases to the surface.

The CCDF curves, using the results of air drilling, can be seen in Figure 2. The code, which produced the curves, used the releases
from PAVT and soluhilities from the CCA. The direct brine release results of air drilling were then substituted for the results of the
PAVT. Again, it should be noted that the CCDF results use spallings releases calculated in the PAVT. Spallings releases due to an air
drilling event were not incorporated into the results. These curves assume a worst case scenario, in which al the drilling from an
E1E2 drilling event would be using air as the drilling fluid.

In addition to the CCA soluhilities, actinide solubilities with different minera species were included. The solubilities were from
median values using Nesquehonite, a mineral phase of the magnesium carbonate system, and from no MgO backfill. The ‘No
Backfill’ case does not suggest that MgO should not be present in the repository, but gives an upper bound on solubility and how it
affects compliance to the EPA standards. Table 1 shows the values used for each actinide oxidation state.

The CCDF curves for CCA solubility values do not exceed the EPA standard at the 10 or 102 probability level. Yet, theissue should
not be readily dismissed. The problem was run on the scenarios of S2 and S3 only. The other three scenarios assumed brine mud as
the drilling fluid. Furthermore, solubility vaues are shown to be greater in other mineral species of the magnesium carbonate system,
and if the repository is breached during a time when these mineras will dominate the repository, then there may be sufficient releases
to the accessible environment to cause the repository to fail compliance. This example can be seen in the curve for the Nesguehonite
solubility. Again, this is a worst-case scenario in which dl vectors for the smulation of ar drilling uses the median vaues for
Nesguehonite solubility, which can be seen in Table 1. The curve for Nesguehonite crosses the EPA compliance limit at the 0.02
probability level. Thisrelatesto alin 50 chance of releasing more than 3500 Ci to the surface. The curve dropsto a1 in 500 chance
of releasing more than 35000 Ci to the surface.

Salado +3 (M) +4 (M) +6 (M)

Nesquehonite 3.17e-7 6.3e-4 NA (used No Backfill)
No Backfill 4e-3 5e-4 8e-5

Castile

Nesquehonite 2.4e-6 1.04e-3 NA (used No Backfill)
No Backfill 2e-3 7e5 8e-5

Table 1. Solubility values used in PANEL for generation of CCDF curves.
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Culébra results are from PAVT, with actinide solubility values from the CCA, formation
with Nesquehonite, and no MgO backfill.

The third curve on the CCDF plot shows the response of the disposa system for solubility values from ‘No MgO Backfill'. The
releases for probabilities greater than 1 in 50 are much higher than the other two curves. However, at lower probabilities the ‘No
MgO Backfill” has lower releases than the solubilities with Nesquehonite. This is due to the difference in solubility values at the +4
oxidation state for both Salado and Castile brine.  In conclusion, the CCDF curves are shown to cross the EPA Release limits for
higher solubility values, and the issue of air drilling must be taken more seriously than previous evaluations.

Recommendations

1) The EPA should look more closely at theissue of air drilling to determine the probability of such an event occurring in the
10000 year projected history of the disposal system.

2 EPA needs to asses the appropriateness of using the BRAGFLO direct brine release model for air drilling.

3) Depending on EPA’s resolution of the solubility issue, the EPA may need to calculate CCDFsfor air drilling.

Reproducibility

To reproduce the results of this experiments, the summarized files (*.TBL) of CUTTINGS_S, BRAGFLO_DBR, and SECOTP2D
from PAVT, and the summarized files of NUTS, PANEL, and ST (Source Term) from the CCA are needed for the input for
CCDFGF. In addition, the BRAGFLO_DBR files from an air drilling scenario will replace some of the BRAGFLO_DBR of the
PAVT. Attachment 1 shows the input for the preprocessor of CCDFGF. The Direct Brine Release summarized files begin with:
‘SUM_BF4 CCGF _AIR'.

The smulation of drilling with air with BRAGFLO_DBR was accomplished by changing the inputs to the preprocessor of the model.
The ALGEBRA file ‘ALG_BF4 CCA_PRE_DIR_REL_S3 DIST.INP was modified to allow a lower threshold of pressure from
the drilling fluid for time stepping. The file sets the time step for the BRAGFLO_DBR to 0 if the flowing bottomhole pressure
(FBHP) isless than the pressure of the drilling fluid column, and to a maximum 1000 time steps if the pressure is greater. The FBHP
was established in the preprocessor by a 3D curve fit from the Poettmann-Carpenter correlation (DOE, 1996). The ALGEBRA file
was also modified for drilling fluid density. Attachment 2 lists the file and highlights the areas of change. The origind ALGEBRA
file used 8 MPa as the cutoff for timestep configuration. The new model sets the cutoff at 2 MPa.

References
Bredehoeft, J., 1997. Air Drilling Spallings Report. Draft Report of The Hydrodynamics Group. LaHonda, CA.

3



Helton, 1996. Preliminary Summary Of Uncertainty And Sensitivity Analysis Results Obtained In Support Of The 1996 Compliance
Certification Application For The Waste Isolation Filot Plant. Memo, Dec. 23, 1996. Sandia Nationa Laboratories, Albuquerque,
NM. SAND 96-2226.

Silva, MK, 1994. Implications of the Presence of Petroleum Resources on the Integrity of the WIPP. Albuquerque, NM:
Environmental Evaluation Group, EEG-55.

U.S. Department of Energy, 1996. Anadysis Package for the BRAGFLO Direct Release Calculations (Task 4) of the Performance
Assessment Analyses Supporting the Compliance Certification Application. Sandia National Laboratories, Albuquerque, NM.
WPO#40520.

U.S. Department of Energy, 1997. Summary of the EPA-Mandated Performance Assessment Verification Test (Replicate 1) and
Comparison with the Compliance Certification Application Calculations. EPA Docket A-93-02, [1-G-26.

U.S. Environmental Protection Agency, 1997. Title 40 CFR Part 194 Criteria for the Certification and Recertification of the waste
Isolation Pilot Plant’s Compliance with the 40 CFR Part 191 Disposal Regulations; Proposed Rule.



Attachment 1. Input for CCDFGF Preprocessor Mode for Air Orilling
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$ DFFIMFMNOLOG BF4_Sh | _TENSINE
§ DONINC/NOLOE BF4_55_L_T:0KI0IReE

DEFIMEMOLOE BF4_E8_ L1 1200FINF
DEF.ME/NOLOG BF4 25 U ~14005IMF
PEFIMEMOLCE BF4_54_U_~ Za0SINF
DEFWEMNOLOE OR4_EE_F_TROEINF
DEFIMEMOLOO BFR4_35_L_ T 110I05IKF

DEFIME™MOLOO COOF_BLCYWo TSSO T

A T U A e

I
L

: Dwlire MLTS fila nermes

DEFINEMOLOT AL5 ST_GORF_LGLGA_S1EIMP
CEFINEMOLDS ALG ST GOCF_CCA_BZEIMP

CEFINEMOALE SUM_NUTS_51EIKE

L RN PR T

OF FINE!RILOGE SEIM_HUTE_ =2 _ 100¥
DEFIMC'WOLOE SUM_MRITS_SZ_350IMF
DEFINEMILQG SUM_HUTE =2 _10015IMP
OEMIMC'NOLCE SUM_ M TS D2 2A00S5INE
DEFINENOLOG SUN_HUTE 52 SI035INP
DE= INE/RILOC SUM_HUTS_S3_TODASINF
DEFINE!NOLIG SUM_MNUTE_S2_HansIMF
DEFIME/MOLUG SuUN_HUTS_Y4_100F1HE
BT IMNE/NOLOG SUM_NUTE_S4_3S03INF
TIEFNEMOLOG SUM_MUT S _53_ 1005 HE
EEINEROLOG SLIM_WLITE_Sh 30008 IMP
JFFINFROLOG SUK_KLUTE_E5 SOC0EIMP

4 W A Wt FA T M T RN DA D LR

TESTCIRS'SUM b4 oeif & REP'_S2_L_T4000.TEL
IELTEFRA'SLIM bR cogf_si 'REP' S2_L_Y4O0A0.SEL

TESTLIRGSLM bfd oot s 'RE® 52 1 Tosd 7EL
"TESTOIME'SUN bl4_otalar 'REP_E2_L_TT50.TEL
TFSTHIRE'SUN_ttd_ceal_si_REF _52_L_T2000 TEL
TESTORE'EUR b4 ooaf_aw 'REP_£2 |_TAIDDTEL
TESTOIRE SN, bkd_conl air_'REF _52_U_F1a000.TEL

TCETOIRE'SLM_bdd_coof_air "AEF_GS b T1300.THL
TESTRIRE'S U_tA_ccm_ail_REF_S3_| _T1400.TEL
'TEETDIRE'ELM_bA_cool_alr_'REF_53 L _TanH . TEL
TESTDIRE'SUM_tA_ccil_air 'FEP_53_| TEDODTBL
TESTORE'EUM_bME_coa'_all_REP_32_L_T10000.TEL

TESTCARA'SUM_blé_ucy®_ai_ REP'_S3_L1T1800.TEL
T {AREEUM_ B _ooq_ai_ REP_S3 L T1400. THL
TESTEARR'SUM_bid_nsqf_mir REP %3 LI T000.TBL
VESHIHAA'SLIM_bfd_rogf R RER' S3_L1 TSLOD THY
"TESTOARA'SUM_bl4_uuy®_mi REF' 33 L T10000.TEL

"TESTCARA="SUM_dbr €07 REP' 54 Lowses TS50.THL
TELTRRAR S M _dbr_ ST _REP'_54 | raar T7S0 THI

TCETOIRS'E JM _dbr C&7 'REP' 24 Lower T2000TDL
CTFETNIRAR'S M _dbr_C.E7_'REP'_54_Lowar_Tanan1EL
TESTOIR.'SIM_dor_C=7 'REP 54 Lower 710000, THEL

TEST DIRAA5UM_dbr_£467_'REF_54_LIp_To50.TBL
TESTOIRE4'SUM dbr ££7 'REF_54_Up T#A0.TEL
TESTDIR3a'SUM_dlx_C97_'REP_Sd_Up_ TELODTBL
TESTLIR S SLIM_dbe a7 _'AFP_E4 Lip T4 TRL
TESTDIRZe'SUM_ckn_CO7_FEP 54 L T10000.TBL

TESTDIR3eSLIM, k087, FEF SE Loweei_T1200.TEL
TEATDIRa SLIM_ der 07 RFP_SK_| aumr_T1L00 Ta
TESTDRAu SUM_chr_COF_REP_SE_Luwes_T3000.TEL
TESTPAIR BIMA_ohr_GE7_RER_55_Lovar_TS000. TEL
"TESTZ A%z SUM_chr_C&F 'REP ST Lower_T1000.TBL

"1E 5T AI="SUM_rkr_D57_REF_S5_Up_T1200.TBL
TLETOIR 22U _dbr_CE7 'REFB5 Up T1400.TBL
TEETDIREe"SUM_db:_CO7_'REF_B5_p TEOO0TBL
"TF 5 TOIR a5 6_dbr_Ge7_'REF &4 1Jp_T5000 TR
TESTOIRSu'SUM _dl_CS7_'REF_S5 LUp T10000.THL

'OUTOIRBLOAYCUT. TR

TESFOIRISUM 3T_COGF_ eyl 'REF_S1.TEL
TESTOIRNS IR ST COGF angl 'RFP 52 TRL

TCSTDIRS'EUM_MUT CCGF_CCA_'REPT_21 THL

TESTLIR'SLIM_HUT_CrGF_ra REP_SE ™00.TBI
TEETDIRA'SUM_HUT_GOOF_cos_'REM_SE_TSE0.TEL
"TEETLAR'SUM MUT_CCGF ra 'REF_S2_ 74000 TR
TESTLIRA'S JW_NUT_COGF ets_'REF_S2_TSC0DTEL
TEETOHR"SUK HUT Cri3F cea 'RER_ S 76000 TEL
TESTOMA'SUM_MUT_ COGF_ees 'REF_S3_T7004.TAL
RS 1 HRs HUM_HUT_ECGF_G-:-:_'FEEF'_EE-_'NED Thy

TIEE | s SUM WU _DCGF_Gne HEF 54 71005 TBL
'"TESTORLE'SUM_KHUT _CCOGF_CGA PLF_S4_TISDTOL
TE5T LIRS TUM_MUA_GCG_GGEA_REF_S4_T1040.TEL
‘TCETOR2'SUM_KWUT_CCGE oA CREF S5 TI000.THL
TEETD'IF:-’-‘.'E'JI'-'I 'HUT COGEF EEFI._ Fl.EF" 5-5 TSODC. THL




§ DEENEMOLEG EUM_NUTS S0 a0 inpe
¥ DEFINE™MOLZSG SUM_NUTS_SE_BIMICIhF
L L

5 CEFINEM™OLO: SUN_FML_SE_1COE NS

& DERINENOLEE GUR_PHL_SFR_E0F NP

3 CEFINEMOLOE SLIN_ A SE WI0ZEINF
% CEFINE/WOILOC SUM_MFHL_SE_AQKISIMEG
5 EEFINEMILOG SR PHL_EE EO02SINE
5 OEFIME/NOLOG SUM_PML_SE_BODIEINF
$! DEFIMEMOLOG SUM_FHE_SE_1I0SIHF
! DEFIMNEMOLOG SUM_PHE_SE ASOFHA
I DEFIME!ILOG SUM_PML_SE_TOCCEIMP
¥ DEFINEMOLOE SUM_PML_SE_20705IKP
! DCFIMC'ALOG S _PML_EE 400AEINP
¥ DEFINE/NOLOG SIM_PML_S5_S0C0E WP
¥ OFFIMF'WOG ELIM_PRL_Es 0c0f NP
5 —-

!

1 FEFINEMOLOG SUM_CCOFAF_COA_C o GEQDS IR
3 DCFINEMOLCHS 5UM CCDMGE_COa CAVGC1DEIMF

ol

4 CCrINCHOLOG SSG_MUTSSOLT

£l

Zl Oefire SECTP fie names

£l —.

5 OEFINE'WS QG 203 onh RFMsINE

I DETINEMOLOS ETZ03_CCA MAEINFP

¥ DF=INEMOLZR GCOF_SELOTFSOLT

Bl —-

¥ DEFINEMCLOE CCOF R ACZINF

I DEFINZEMC 5 CEGF_BRESIME

5 DEFMEMCLCSE COGF _PRTROLT

¥ LERINEMCL S CSFSOUT

a3l ——

5l "ahnR ralbagA mLmmEey BRIER ik nRTS

a2 —

5 OFFINFIMOLAG Co&EF_RE Te 250l

ol —

il Execubg COOFGF wth preprocessoe optior
| J—

£ CCOFGE

B —

Y ExIT

I

UIE RTOIRSEL_NUT_CCSF_ COA_C'REF_B5_TPIO.TEL
TESTZ Re'SUM_MUT_CCHF_Soha_RCP_55 Tamin. TEI

"TESTOIREs'SUM_FANEL_CODF ang1_'REF _26_100 TR
"TESTOIREe"SUM_PAMEL. CCON eeg 1 'TREFP_S3_2G0.FI5L
'"TCSTOIREa"5LIM_PAMEL _GrDf arg1_'RFP_S5_ 1006 TAI
TESTOIRSA'SLIM F“HNELLCDDT meg 1 'RLEF _S6 «000.TOL
TERTNIREA"SLM_PANEl _Cr.rd_aeq1_'RFP_ GA 0] TAL
TLCSTOIME 'S LIM' F'ANEL CCO meg1 FH:F' G6_9000.TaL
TEATDIRA"SUM_FAMNEL_CCDNgt_REP'_%E_10C.TEL
TEETRIRS"SUNM_PAMEL_Ci0F o _'REF_55_3%] THI
TCETIHR'SLIM_FANEL_GGRFgf_'AEF_S6_1000.TEL

"IEETLIRLS SUM_PANEL_CCOFGF_'REP_SE_2I00.THL
TESTOMR SLIW_FamFL_CiRFgf 'RFEF_S6E_a00n TBI
"TESTOIRY SUI_FamEL_ CCLFyl REM, 56 BOILTHL
TTESTONR S Sk PANEL CEDFgE RER SR_E00 TR

" STOIREE UM MAKEL _ceq _CON_FEF_S1 Ibl
"TCETOIRG SLAM_PAKEL_eeci_CoOk_REF_&2 .t

"OUTDIR'NUTS. TRA

TESTBIRL:S1Ad_ST7DY)_o57_R=_pThy
TESTLIRZ:'SUM_ST2DG, <27 _R1_FM.TEL
OLTDIRGECC TR TR

TESTOR1CCGEF_MISC_ PRE_CCA.IMP
AESRTRIR v CERFGE PR

LUTZ R'CCGr_CCOFGF_Coa_'REP.OUT
TEITR'CL G e _REP.OU”

IR eg*_rekab_ceq1_REF DAT




Atlachment 2; ALGEBRA file For Air Drilling Scenario

lnarrerssfsssssshsee—sebemurs cnme or Lramn -

MTLL:BRASFLO 1896 COA CALCULATICNS: RERPDSTORY ECALE BLOAILT
LA YLST Oan Stoeeal. SHL

ICREATED: MOYW 2, 199

IPURPOEE: ALSEBRRA e sumpules prapedies BEE car nol Se chiained

! frore CAMDAT andior aEens popariee o eamen blochs,

' IS FILF PEEFARES & CDE FILE FOR PFREDRAG 100 HEEL:
IMPCRTAMT: This file ariginaies feer. JLE. Brar's algab-a Fle far Fis FEF

’ rodei 1w malmdalngies 1 cakulale dip vere cosied frars ks

il with minar chargea

mute io a=ccurt far he differences in b2 meshes.

ALCEBRA SO CALT. OIF N REFOSTORY - SCALE BELOMOUT MYIDEL.
raw yersinn of bragia

MODIF EO:
MARGH 26, 16
ELOWSUT MODEL STRUGCELIMNG IN MAREL SEAL REGICH 1URMNED DFF
CaF PREZSURE M 2AKEL SEAL AKT HALITE BY SETTING ESLAL T

CAP PREESURE IW WASTE REGION

MAY 17, 1956
ACTCECD BOLKTARY CORDITICH WELL SHLSULAT-ON FGR E1-E2 SCEN
MEW CGHARGES FIXR LATEET COA AMALYSIS

MAY £0. 1986
WLLL 2 INPUT FILE TO ACCOURNT MGR C1-E2 EAMC PANEL OOMNOART

LMD,

1
1
1
: My 20,1998

! ADDCO LCSIC TS BESCGANT FOR ClHEBWSES 1N ABANDCNC LW CLLBORE FERM
! FOR EQUNMDARY GOMNDITIAN WELL.

! SCENARIC 2 AMD & FILE FIRET INTRUSION AT 380 YEMRE

1

|

1

1

Dezember 1, 1627
Lharged Gulatt 1 preesdne 10 D rapaeltary b alloy s dling
Ds e Fudhe=r, EES

E=====—==x EE== ==L C=mE==eC L c=ap= - e

L HAFTER 0: DEFIME NEW WARIADLE YAMES A40 SCME MEEDED COMSTANTS

- SEmm = SreCCEmCCm-TEmCFess Sla e L T o

! ZET COMSTARTES AMNDO PUT IN WaSTE RESION

LIt BLORE 1

THETA1 = MAKEPROPIDNE_DEG[E.A 2.0 PI[E:E)5e0.0;
THET®&? = MaKEPHOPO.D

1

1
FERM_¥ =11"PRMX_LOS

PERM_Y =10"PRMY_LOS

PERM_Z - 10“PEMZ_LOG

SE_MIN = SAT_REHN " 1.05

PCE_COMP - COMP_RCKIFOROEMTY

| CALCULATE PFROFERTIES FOR DRZ & HALITE
LIMIT BLOCK 2 5

PERM X &0 PRNE LOG

PEARS Y = 1 PRMY_LOG

PERN_Z = 10“PRMZ_LOG

SE_MIN = 54T _REAN * 1.05

* NCWW ADJUST PORCSITY AND PORE COMPRESSIEILITY T3 EQ. PORE WOL WITH CRUSHED
t ROOM HEIGHT

FORCSITY = HEIGHT * POROSTY | HE¥SHTID:1]
POR_COMP = COMP_RCKPOROSTY

| GAP PRESSURE MCOEL CHANGES HERE:




CAP_MOD = CAP_MODND 1
PCT & = POT_ALID.1]

PLT EXF = PCT_ExFBupeT;

| CALS PROPERTIES FOR SAMEL BEALS

LIGIT BLOGK 4

PERI X = 10*FRAY_LOG

FERM_T = 10-FRMY_LOG

PERhe 7 = “0~PRKI_LOG

SEH_MIN = SAT_RERM ' 1.05

| N0 ABIUST POROSITY AHD FORE SOMPRESSIBILITY 10 EQ. BORE Y01 WITH CRUSHED
| REOM HEMGHT

PORGSITY = HEIGHT = PORGSITY ¢ HEIGHTID: 1}

POR_COMP = COMP_RCKPORCSITY

1 26 PRES SURE MODEL CHAMGES HERE:

CAE_HOD = GaF_pIDND: 11

PCT A = POT_A[ID:]

PCT_EXP = PCT_EXP|IC:1?

S =l L —wCo=w—T== ==

-l T e g

S==Cco==wmoTrns ===rTt= —=E-=T-—==E- - =

| 3ET WELLEORE PROTS
Lil- ELOCE T
SEBRMIZ| = MAKEPROPD. 0
SEGAST = MAKEFROFIC.O)
Kr = WAKEPRRSRD 0
KRG1 = MAKEFRCPI.O
SERRINEZ = MAKSFROP[ L)
BEGASE = MAKEFRCPILO
KRW? = WAHEFROPD O
KRGZ =MAKEPRCPIS.O)
SEERIMES = MEKEPROP.O:
SEiaAafsd = MAKEPHCHI).O;
KRWZ = MALEEPRCPIO)
KR53 = MAKEEROPIO.DV
EEEHRIME L = MOKEPRLIPQ:
ECGASs © MasEPROP:D.0)
KR = AREEFROFD
KRG = MK EPROFD.D)
| DEFINE CONSTANTS FOR THE THREE FOLUAT ©1NS TO RE LSED TO 4L L ULATS FSHRP
IEAUATION 1- 2OR BYINE FLEOW SHLY, KRS = 0
| FEHF = (i B2 ¥ 1+ 0X+E ¥
| X e L0 ERINE CANET) LES MY h-3
| ¥ =PaNEL "RESSLRE [Pa:
18,452,573 Fa = BRHF = B G35 290 Pa
EGi_A = MAKEPROP(EIIZSTT 4
Eﬂ1_EI = MAKFFROFES 1775 75)
EQi_C = MAKEPROP[D.02451E0G3;
EC:I_T = MAKEPRLP, G735 AT
S01_E = WAKCPROP(E. 123577 TE )
'EQUATION 2 {FOR LOG QERGEREYE < 0 BAMNE OCAIRATED CLORY)
'FERA = {4+ BA+CX2+ D I+ E VI A FX SR EHHY
© X = LOBAIKR KR!
= FANEL PRESELRE {Fa)
E25453 Pe < FBHF « 5,023 E43 Pa
FO>_A = MAKFRROP{GLIORR EE
EQI_E = MAKEFRCF(ZTAG147 5)
FO7_ [ = WMakKFPREPEE10RE.3)]
EQZz O = MaKEFROP-5485. 25E1
FQE_E  MAKEFROW(] 01 7] TuBd)
EQ:_F = MAKLCPRORD, 95307
Fa2_I3 = MAKEPRORD.5AME1EA7)
EQd_H = MAKCPESP{ 93501 07E-3)
| EQUIATICHY 3 [FOIR LT3 1K AGK AW = 0 GAS DOMIMATED FLOW,
| FRHF = EXPrA+BX+C8" 0.5+ JE-H+EY .5
! X = LIMZI0IKRIVKRR)
! ¥ =PFAMEL PRCEEYRE (Fa:

10




1 153,271 Fa = BHF « 385 453 p&

EGa A v MAKEPROPE G2 4355)
L0z B = WAKEFRGP] 2I71279)
05 0 - MAKEPROR 1. 35e0R8E)
FR3_0 = WaKSFROP PAS0IEE)

Ef: E = MAKREPRGP[] JEDAST2E2E)

CALCLILATE SKIN ERIM SPALL REMOVEL & WELL PRETHICTIVITY IMOE:
ELEMENT 59 15 LOWCATION OF WELL 2 j2WD INTRLIZION DO TIF)

WELLRAD = BITSIZES:

DRAINRAL = SORTIGEL_X[E:52]"DEL_Y[E:E3¥PHE B]:

BEIN = -1.0°LOOSARTERER_TOT/FIE BIMNELLRAD)

SBHIN = IFLTO[SHIM,SKIN,O;

| CHECK TC BE SURE 'WELLPI 15 HOT 0 OR REG, S SET T2 1.0IF MIS

[WELLPI = PEARM_X[I0:1] * HEIGHTIO: " ! (LOGDRAINRADAMWELLRAD] + SKIN - 0.5

VELLPI = IFGTO[LCAMRAINRADMWELLRAD! + SKIY - 3.5 PERM_X[ID. 1] HEIGHTAD ] &

. ILOGIORAINRADMELLRADS + $HIM -0.5:,° &

| AL CLMATE SONSTANT S NEEDED FOR WELLBORE MODEL

| CAECULATE EFFECTIVE SATURATION USING KRF = 4 [BROOKS « COREY MOTIFIED,

IAATH LAMBDS JFORE D15) = 2.80, NG CAF PRESSURE). T FOR 4 SOUPLED REGIONS

IRECGION 40 1 [PAMELS 1 4 8)

BRIMEA = IFLTEG(BSATRANID: 11347 RERNIC: 1T, 58T_RBRM[IC:-1,ESATPAK[ID:]:

EZEERINE1 = (BR. NE1 - SAT_RERMID: 11K 4 - SAT_RERMID;1])

SEGAST o [BRIME" - SAT_HERN[ID:131.0-88T_REBRK]ID:1 |24 _RGASID.1]

SEGAST = IFLTG(1 40 - BEGAS11,1.0,5EG481)

KR = EERHINE 1@ +1=H0RE_[HS[ID1 [WPORE_LIS[ID: 1])

KRE1 = 1.0-BEGAETI 2% [FSEGAST ™2 + PORE_TME[IDAIVFORE_DISMID: ]y

LROAW SALSAULETE CONSTAN| FUOR BRINE AMND A5

CONBR1 = WWELLPI * KR/ WISCOND.E]

CONGAET = WELLPI * KRG £ WS OO{IDE]

| NCAY TAKE L3 BASE 10- OF PARAMETERS KEEDED FOR FEHF EQUATIONS

LOG_ Bl & IFEQIHRW -10. LGN CONBR +1E-241)

LeGE_KA1 = IFECIOERIN, 10 LOKEI00 <R+ 1 E- 2 KR+ E- 2

| CALCULATE FEHF e AND SET YATHIN LIMITS

PR _ECH = [E_AES B0 _B1-+EQ_CPRESIAMI[MTr]) &

M.O+EC_DLOG, B1HEQT E'PRESFANINS 1)

P‘F.'I_":EH = |[FLTHEID2Z?2 - F'ﬂ1_EEI1,IFLT't-:EaC35EIEEI.EI - P'H.'I_Eﬂ'l.s:-!.-ﬁl:lﬁn.l:l. =
PR1_EQ1; BOGZ3720)

PR1_EOZ = EQ7_A+EQ2 B 00 KAI+ECD £LDE KRi*=1+E02 PO kRT ™1+ &
EQZ_E'PRESFAMI[IDAIN(1.0LEG?_F'LOG_KR14EQZ_CLOGE KR1 24+ &
EQZ_HPRESPAMA[ID:R

FRA_EQ2 = IFLTOE26455.0 - PRA_EC2 WFLTOEE28643.0 - PR1_EQZ, 0288430, &
PR1_EQ2).2254535.0

PR1_EQS « EAPESQ2 A+EQS BALOS KFG+EDS CrARSLORE KA1 fio+ 2
EQS_D"EXP-1.0°AESILOG_KR1N+EQI_E*PRESFANI[ID: 11" 0.6

PRI_EOZ = IFL1O0153Z7 10 - PRI_ECGAFLY(IESA82 0 - PR1_EQ2 3554950, &
PR1_ECA), 1632710

| RESET FEHF T0 D IF WO BRINE ELEIWI:ILIT qrmw u R FRESSURE < & MPa {300 P

! IF r-.IIII EIL-'.'.'I'I."|.|-EILIT EEl' MUMBER: L'rF ER;".GFLCI ETEPS T-'.'.'I 1, ELEE 1azo

NUMETEP1 = MAKEPROF FEQHFBHP1, 1,1 0005

'REGION N 2 (PAMELE 2 A7}

ERINEZ = IFLTRRASATRANZOD: 1]-50T_RERN[IE1])L541_RERMID: 1], BSATRAMZ[ID:AT)

T.EGRIMESE = (BRIMEZ « ZAT_RORM[EC.11111.0 - SAT_RERMID1])

EEGRALE = (BRINEF - BAT_RERMNIT- 11w | pEAT_RERNPD: rREAT_RGASID: ],

SEGASI = |FLTO(1.0 - BEGAED), 1 OLEEGASZ

KRYYZ - SEIRIMEZ“[(+3-PORE_DISID1NFORE_DISIO 11

MRS = (1.0-SEGRASI 21 0-SEGASI 2 - PORE_DIZ(IC: PORE_DIgIDF )

RO CALCLAATE COMSTAMT FOR BRIME &AMy 36T

COMBIRE = WELLPI = kR4 1 WISCofI0:S|

GOMNGEAS? —WELLPI * KRG M WISCONT 4]

| WO TRKF 105 RASE 10 OF PARAMETEARS MFEDEMN =71IR FRHP EALIATIONG

LOG_HE = IFEQQIKFEWER.- 10 LOG10E0OMBR2+1E-24))

1€10_KRZ = IFEQIKRW2. 10, LG DK ROz F 24 (KR -+ B- 14)

TCALCULATE FAHP's AMD SET IMTHEN LUKITS

PRZ P11 = (EQ1_p+Ed_BLiMa_E2+Fi _CPRESPAMNZTID: 1) &
(1.0+EQ1_D.003_BR+EQ:_E"PRESPANZID:]

PRZ EC1 = IFLTO(ROC2ATEL - PRE_EQ.IFLTS(EQS0A0.0 - PRE_FO 80360A0.0. &

11



PR7_Fo 180025730

PRE_E02 = (EQ2_ATELS O°LOS_KRMEDE C'LOG_KR224E02_DrLOG_KRZ™3+ &
E{IF_E"FRESRAMZIIDA [ 04 FOF_FT O0_KA2e EQD_GLOG_KRIT2s §
EQZ_H'PRESPANZIO 1)

FHE_EQZ o [FLTINFISA53.0 - PRZ_EQ2 IFLTOA02E647.C - PRI, EC2,ANIBE45.0. §,
FRz_ELEn R i4Es 0

PR2_ECI © EXP{EQT_A-EOL_BALOE KRI-E03_CrABSLOG_KAZW.6+ &
EQ3_D'EXPi-1.0°ABTLOG_KRZ)+EQ2_E PRESFANE{ID. 1]0.51

PRI EQ3 = IFLTA{H 53271 b - PRZ_FOZFLYIEGAPD - BRE EGD IRh4g5 D &
PR2_EQ2).165271.0)

REZFT FEHE 120 IF NC: ERINE BLIMITIIT (KA = 0 OF FRESSURE < 2 WPa

['F KO BLOWELIT, SET wmal;n F BRAGE 0 STERE 70 1. ELSE 1364

MUWETERS = MAKERRORIFEDOFEHP,1,- O0a)

| REGICHS MO 5 (PAHELS 3 & B

BRINE3 = |FLTINESATRANSID: 1 LSAT_RBRMID.1]1.5AT_RERNIE: 1] BSATRAMEID: 1[;

SCBRINE 1 = (ERIMED - SAT_RERMIG 1141.0 - 54T_RERNTID]:

BEGASE = /GRINES - AT RBRIID: 1144 L-5AT FERN]ID: 1}-8AT_ RGAE[ID: 1]

EEGASI = IFLTONT 3 - BEGASE), 1.0, BESAET)

KRWS  + BEBRIMEI* -2 FORE_DIS[ID:1] PORE_DIS[ID: 1];

KRG2 = (i BEEGASS™ D1 I-SEGASI ((E + FORE_DIS[ID {J#PORE_DISNL 1]

| RO CALGLLATE CONSTamT FOR ERINE AND GAS

COMERS = WELLPI * MRIAA # VISCOD:E]

COMGASE =WFLEF® ERMAS ! WECOI0E

| HOW TASEC LOS BASE 10 OF PARAMETERS NEEDED FOR FRI4B EOURTILNG

I06_RE = IFEQNKRWE -10.L0G 1 WOTHIBRAH E-24])

LOG_KR2 = FECOKRN. 10,L0G 1 KRGS+ E-2d00 KRN+ 1 E-22)

I GALCLN ATE FEMF S AHD SET WITHIM LIMITS

PRA_BC = (ECN _A+ECH_B* Oxs BI+EQ _CFRESPaNa0: 1 &
(i.c+EQl _D'LOG_OEQ1_E'FRESPAMEID: 1]

BRI_BO = [F_TE002575.0 - PRA_EG1 | FLTINEISE0R).D - PR3_EQ® 0350405, &
PRAY_EOA | B0 7 Y

PRA_EQZ = (EG2_A+ECe B'LOG KAItEQ? C'LOG_KRI''2+ER2_ D06 KRS &
ECE E*PRESFANSAD-TIN +ECT_FrLOS kR+ENZ (00 KRI=2¢ &
E02_H-PRESFAMIID:1])

FRA_ENZ = IFLTO(225455.0 - PR3_EQ2 IFLTYB0EA6A3.0 - FRS_EQE B058643.0, 4
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Introduction

The Waste Isolation Pilot Plant (WIPP) is located in southeastern New Mexico.
It is designed to be a final disposal site for transuranic wastes (TRU) produced
from defense-related activities in the USA. The repository site is 655 meter
below ground surface in a bedded salt formation (Salado Fm.) of Permian age.
The planned inventory of wastes includes 850,000 canisters of relatively low
activity, contact-handled, TRU, and about 7500 canisters of higher activity,
remote-handled, TRU (Chaturvedi et al., 1997). The remote handled TRU
canisters will contain about 15% of the total activity in the repository and, thus,
can be expected to contain the highest concentrations of Pu and Am, the main
actinide constituents in the waste.

The Environmental Evaluation Group (EEG) conducts independent technical
evaluations of the impact of the WIPP project on public health and on the
environment. In October, 1996, the US Department of Energy submitted their
Compliance Certification Application (CCA) to the US Environmental Protection
Agency. During their independent review of the CCA, EEG identified a number
of concerns (Chaturvedi et al., 1997). They determined that an additional review
of the factors that influence the solubility of plutonium under the conditions that
will pertain at WIPP would assist them in their evaluation of the CCA. The work
covered by this report was initiated in response to EEG’s request. Some specific
guestions were proposed as important to their evaluation:

Is there enough experimental evidence to rigorously conclude that plutonium will
be in the Pu(lll) and Pu(lV) states in the repository environment, rather than the
potentially more soluble Pu(V) state?

Is there something that has not been considered in the CCA that might result in
higher Pu solubility?

What is the effect on the solubility of Pu of the compounds formed by the MgO
backfill interactions with brine?

What, specifically, are the scientific shortcomings of the DOE arguments in the
CCA and what needs to be done to address these shortcomings in terms of
calculations and experimental work?

This report attempts to answer those questions by discussing the most likely
redox state for Pu based on published experimental work, the effect of brine
composition on solubility of actinides in the (V) valence state, the influence of
solution species formed by reaction of the MgO backfill on An(IV) solubility, and
the influence of other potential ligands present in the waste itself on actinide
solubility. An analysis of the calculational path used as a result of the scenario
adopted for the calculations suggests that there are means of forming significant



amounts of soluble Pu as citrate complexes or as complexes with the chemical
degradation products of cellulose. A new scenario for calculations to test the
sensitivity of the results to pathway is proposed. In addition, some
inconsistencies in the calculated results reported in the CCA are discussed and
issues are identified that need resolution.

Factors controlling solubility

There are four major factors that will determine the effective solubility of
plutonium in the WIPP environment. These are (1) the redox conditions, (2) the
brine composition, (3) the availability of ligands through degradation of the
waste, and (4) the effects of slow kinetics of reaction due to lack of lability of
species (i.e., persistence of metastable species). The brine composition, itself,
will be affected by the persistence of metastable reaction products, especially
those formed by the MgO backfill. Each of these factors is discussed in the
sections that follow.

Redox state

Plutonium can exist in several oxidation states in natural waters depending on
the availabilty of oxygen and complexing agents. Under normal atmospheric
carbon dioxide pressure (pco,= 3.2 x10*atm), but in the absence of other

complexing ligands, the expected oxidation states of Pu are PuO,**, PuO,", and
Pu* under oxic conditions and Pu*" and Pu** under reducing conditions. PuO,"
disproportionates into PuO,”" and Pu*, but the rate of the reaction depends on
the 4th power of the H* concentration and on the square of the PuO,"
concentration so that at low concentrations of Pu in neutral solutions the reaction
rate is negligible (Choppin, 1990). This suggests that PuO,", once present, may
persist outside of its stability field because of slow reaction kinetics.

During the operational period of the WIPP repository, oxygen will be present in
the storage rooms. This oxygen will be trapped in the salt formation after
repository closure and will be available to react with the waste materials and
their containers. Void space in the repository will be reduced by salt creep, and
the encroaching salt will eventually crush the waste drums. The residual oxygen
can react with the drum material or with the waste itself, producing soluble
corrosion products, such as Fe**, and possibly PuO,". Radiolysis of water inside
the waste drums can also result in oxidation of plutonium to produce PuO;". If
there are organic complexing agents present, the PuO," will be rapidly reduced
to Pu(IV) and stabilized in solution as soluble complex ions (AIMahamid et al.,
1996). It is reasonable to conclude that PuO," will not be able to coexist with
organic ligands for any significant period of time, and that solubility calculations
should consider either transient presence of PuO," or presence of Pu(lV) with or
without organic ligands.



Weiner et al. (1996) discuss the possible oxidation states of Pu under WIPP
conditions. They conclude that Pu(lV) is expected to be the stable state, but
include Pu(lll) based on observations by Felmy et al. (1989). These
experiments used Pu(lll) maintained in that redox state by adding Fe powder to
the solutions. The solubility of Pu(OH); was measured in dilute solutions and
brines. The redox state of Pu was verified by using chemical extraction
methods; however, the method used measured Pu(lll) + Pu(lV), so there is not
positive identification of Pu(lll) content. At pH 9 and above, the concentration of
Pu was below detection limits (Felmy et al., 1989). This would suggest that
Pu(lll) needs to be considered up to pH 9 in modelling calculations if metallic Fe
is present, which it will be in the form of WIPP disposal drums. Above pH 9, the
upper limit for Pu(lll) is set by the detection limit in the Felmy et al. (1989)
experiments as 10° M.

Pu(V) has been observed in a number of experiments conducted in brines.
Weiner et al. (1996) discuss some of these results in Appendix A to their report
and conclude that Pu(V) will not be important because it disappears with time.
This conclusion would be perfectly valid for cases where release from the
repository is assumed to occur through flow mechanisms that take long periods
of time to reach the accessible environment; however, for human intrusion
scenarios where the brine may reach the surface directly via a borehole, it is
probably more valid to include transient species that have been shown to have
long lifetimes. Since any Pu(V) is likely to react with dissolved Fe(ll), the steady-
state amount of Pu(V) should be small and not lead to a large increase in
calculated total mobile Pu species in the repository.

Brine composition

Brine composition can affect solubility in two principal ways. The first is through
the effect of ionic strength, which will generally lead to higher actinide solubilities
for high ionic strength. Most of the effect of ionic strength increase is seen by
the time a solution concentration of 2M NaCl is reached, with little change in
effective activity coefficients expected as ionic strength increases further. The
second means of affecting solubility is through the formation of complex ions.
Carbonate ion and hydroxyl ion are the main inorganic ligands that will cause
increased solubility of Pu in the WIPP brines. Novak and Moore (1996)
calculated that sulfate complexes are important for some cases; see Appendix B
for discussion.

In this section we will consider experimental evidence that can be used to
evaluate the expected effects of brine composition on the solubility of Pu. The
conclusions that can be drawn from the experimental evidence will be useful in
assessing the validity of model calculations. Most measurements using Pu have



been done with oxygen present in the system, either with normal atmospheric
composition together with carbon dioxide, or under argon glove box conditions
with 18 to 30 ppm oxygen in the gas. While the latter amount may seem very
small, it is enough to provide for oxidation of Pu from Pu(lV) to Pu(V) in solution.
Once Pu(V) is formed, it may be long-lived if there is not an active reductant
present.

DePabilo et al. (1995) conducted experiments using unirradiated crystalline UO,
(s) in synthetic brines. Both oxidizing and reducing conditions were studied;
reducing conditions were maintained using a hydrogen flux and a Pd catalyst.
Carbon dioxide was not present in the experiments. Brine compositions (molal
concentrations) were

Species NacCl-brine MgCl,-brine
Na+ 6.036 0.48

K+ 0.037 0.57

Mg 0.018 4.21

ca™ 0.021 0

Cl- 6.036 8.84

SO, 0.058 0.32

lonic Str. 6.25 14.00

pH 7.7 4.7

The UO; (s) had an initial surface condition that was very oxidized, UO,; as
measured by XPS. This led to an initial rapid dissolution of the oxidized surface
even when the solution was maintained with reducing conditions. The solution
concentrations in both brines gradually decreased and settled after 20 to 25
days at steady-state values of 2.8 x 10”7 mol/kg in the NaCl brine and 3.1 x 10~
mol/kg in the MgCl,-brine. At the end of the experiments the Eh was measured
to be 0 to 60 mV (compatible with the stability of UO,) and the surface of the
dissolving solid was measured to have a composition of UO,; as measured by
XPS. A model calculation was done using the PHRQPITZ code (the PHREEQE
equilibrium code with Pitzer parameters added) and gave quite good agreement
of the concentrations predicted by the calculations with those measured in the
experiments. The calculated concentrations for zero ionic strength solutions
were about a factor of 3 lower than those calculated for the brines.

The experiments of DePablo et al. (1995) show that for UO; (s), there is very
little variation in solubility that can be attributed to the combined effects of
increasing the brine ionic strength by a factor of more than 2 and simultaneously
increasing sulfate by a factor of 5. In addition, changing the dominant cation
from Na+ to Mg®* did not seem to have a large effect. From the modelling
calculations, the effect of high ionic strength on solubility of the UO, (s) was
limited to an increase of a factor of 3.



The effect of carbonate ion on the solubility of Th was measured in solubility and
speciation experiments by Osthols et al. (1994). They measured the solubility of
a freshly precipitated thorium oxide/hydroxide with low crystallinity as a function
of pH with an atmosphere of 10% carbon dioxide. They analyzed the data and
deduced speciation with Th(OH);COj3™ as the dominant species from pH 5 to
slightly greater than 7 and with Th(CO3)s> beginning to occur at pH just under 7
and taking over from the hydroxycarbonate complex after pH7.4. The total
solubility of Th(IV) at pH 7 was 10° M. Osthols et al. (1994) also calculated
stability constants for these species and the solubility product for amorphous
ThO, for their experimental solution conditions of 0.5 M NaClO, and for the
extrapolated values at zero ionic strength.

Rai et al. (1995) measured the solubility of U(IV) and Th(IV) freshly precipitated
oxides under inert atmosphere conditions as a function of carbonate/bicarbonate
concentration in solution. For the U experiments, Fe powder was added to the
solutions to ensure that no U(VI) formed. At low carbonate concentration, the
uranium solubility was about 10® M. (This is about a factor of 10 lower than the
value calculated by DePablo et al. (1995) for low ionic strength and no
carbonate. See above). Two data points at a carbonate content of 0.1 molal
also had a solubility of 10 M for Th(IV). The Th solubility increased to be 10° M
at a sodium carbonate content of about 0.3 m, which is similar to the carbonate
content that one would expect with a partial pressure of CO, of 0.1 atmosphere.
For U, a carbonate concentration about a factor of 4 higher was needed to
achieve the same solubility of 10° M. It should be noted that for both U and Th,
the concentration of carbonate had to exceed 0.1 molal before a dramatic
increase in solubility was observed.

From the results presented above, we may derive two important conclusions
concerning the effect of brine composition on Pu(lV) solubility.

(1) The detailed composition of the brine will probably not be important
in determining Pu(lV) solubility in the absence of organic
ligands and at low carbonate concentrations.

(2) Carbonate ion concentrations will only have a large effect on
Pu(1V) solubility if they are above 0.1 molal.

These conclusions should be valuable in assessing the reliability of modelling
calculations for WIPP long-term performance predictions.

Experimental studies of Th and Pu solubility were supported by the WIPP
Project in FY 1997 to determine what the effects of the MgO backfill would be on
solubility and to validate the model assumption that Th data could be used to
model Pu behavior. Preliminary results are available in the annual report for



FY97 (Rai et al., 1997). All experiments were done with nitrogen atmosphere.
The concentrations of Th in the presence of MgO after 5 days exposure in two
brines was between 107 and 10 M, while with hydromagnesite present the
solubility was much higher (10®° and 10°° M). The solubility of amorphous
plutonium dioxide in the brines in the presence of Fe powder was measured to
be 10°° M at pH 7.5 and 107° M at pH 8. Solubility changes when
hydromagnesite was present were +/- a factor of 10 with increase in pH of 0.5
units in both brines. The presence of Na,S,0,, a strong reducing agent, resulted
in higher Pu solubility in all cases. This was interpreted to indicate the possible
presence of Pu(lll) species that were more soluble than the Pu(lV) species.
Pu(V) was also considered as a possible species to explain some of the higher-
than-expected concentrations found.

The solubilities for Pu in the absence of carbonate found by Rai et al. (1997) are
quite similar to those found by DePablo et al. (1995) for UO,. Solubilities for Pu
and Th depend to a large degree on the “age” of the solid and its degree of
crystallinity. This factor is less important for UO,. Since the preliminary results
for Pu in brines seem to be consistent with those for UO, solubility in brines, the
UO, solubility data measured in brines would seem to represent a sounder basis
for performance prediction than those calculated from a model based on Th with
Pitzer parameters. This conclusion is strengthened by the fact that the
solubilities of Th measured by Rai et al. (1997) in the presence of
hydromagnesite are much higher than those calculated by Novak (1997 - see
discussion in the next section and in Appendix A).

Phases controlling brine composition

The brine compositions assumed for the WIPP performance assessment
conditions are either the Salado brine or the Castile brine or a mixture of these
brines. To assess the solubility of actinides in the brines, Novak and Moore
(1996) further assumed that the brines became saturated with halite and
anhydrite, the major minerals in the associated salt formations. The effective pH
of the brines under these conditions was about 5.6 to 5.8, which was thought to
be lower than desirable. Actinide solubility goes down with increasing pH, at
least until pH of 11 or 12 is reached; for this reason, addition of a backfill
material was considered to buffer the pH at about 10 and to absorb CO, gas that
might be generated by microbial action. (See Appendix A for a more detailed
discussion of this issue.)

The MgO from the backfill was thought to produce brucite and magnesite as its
stable reaction products and that these materials would be those responsible for
conditioning the brine chemistry. During experiments with alteration of MgO with
the brines, it was found that other phases formed. These phases are (or, at
least, may be) metastable with respect to magnesite and brucite; however, they



may persist for extended periods of time under the WIPP disposal conditions.
The draft report on the MgO alteration shows evidence for the formation of
reaction products that are predominantly nesquehonite (MgCO3;3H,0) with the
later appearance of a phase that could not be positively identified, but was
tentatively identified as MgCO3 3H,O MgCI(OH) (PDF7-278) (no name given).
The chemistry of this phase is quite different from that of hydromagnesite
[(MgCOs3), Mg(OH), 4H,0]. Despite this, the draft report claims on page 30 that
“we observed that hydromagnesite, with a loose platy habit, is the favored
metastable phase in our experiments, rather than nesquehonite” (Sandia, 1997).

The identity of the Mg-carbonate phase that forms with alteration of MgO is
important because this phase will control the carbonate and bicarbonate
concentrations in the brines. High concentrations of carbonate in the brines can
increase the solubility of Pu via complex ion formation with carbonate.
Calculations in the Sandia, 1997, draft manuscript reported only the effect of
hydromagnesite on expected actinide solubility. Hydromagnesite, however, was
never identified in the experiments described in the draft manuscript. In other
materials available from Sandia, it was seen that calculations were also done
with nesquehonite (C. F. Novak memo to R. Vann Bynum dated 21 April 1997,
“Calculation of actinide solubilities in WIPP SPC and ERDAG6 brines under MgO
backfill scenarios containing either nesquehonite or hydromagnesite as the Mg-
COgs solubility-limiting phase.”) Since the results with nesquehonite were quite
different for the (1V) actinides, they are reproduced here together with the results
reported in the draft manuscript.

Conditions +4 act., molar +4 act., molar log
Salado (SPC) Castile fugacity (CO,)
CCA calc. 4 E-6 6 E-9 -6.9
No backfill SE-4 7E-5 Oto 2
5424 hydromag. 1E-8 4 E-8 -5.5
4323 hydromag. 2 E-8 5E-8 -5.39
Nesquehonite 6.3 E-4 1.0 E-3 -3.8

Note that with nesquehonite present, the solubility of the +4 actinides is
calculated to be higher than it is with no backfill present. pcH for Salado
conditions is calculated to be 9.4 and for Castile, 9.9.

The predictions of solubility in the presence of hydromagnesite are lower than
the experimental results for Th discussed above, but are similar to the results
found for Pu in the presence of hydromagnesite and Fe. No experimental data
on the solubility of Th or Pu in the presence of nesquehonite is yet available.



Complex ion formation

Discussions in the previous sections have shown that the inorganic anions most
likely to affect actinide (IV) solubility through complex ion formation under WIPP
brine conditions are hydroxide and carbonate ions. Sulfate ion has been shown
in experiments with U(IV) to have no significant effect on overall solubility over
the range of variation in sulfate content expected for the WIPP.

The remaining possibility for complex ion formation comes from the waste
materials, themselves. Citrate, which forms a very stable complex ion with Th, is
present in large amounts in the waste inventory. The solubility calculations for
the actinides in brines with and without MgO are discussed in Appendix B.
These calculations assume homogeneous equilibria, which for actinides in the
absence of complexing ligands from the waste is probably an adequate estimate.
For the case where organics are present, the organics are also treated by
SOTERM as if they were homogeneously dissolved in 29,841 m® of brine.

To model the behavior of Pu with citrate, we must consider heterogeneous
equilibria for organic complexation with the actinides. The main difficulty arises
because the Pu in the waste is probably located in the same drums as the
citrate, which is the dominant organic ligand. This is because these wastes
arise from chemical separations of Pu and are not the type of waste described in
the general descriptions of TRU waste as contaminated equipment, clothing, etc.
To get an accurate estimate of the effect of organic ligands on Pu solubility, one
must calculate the concentration of Pu as citrate complex inside a waste drum
that has been breached, but can still provide a hindrance to mixing of the brine
inside the drum with a larger pool of brine outside the drum. This will give a high
concentration of Pu in solution as the citrate complex. Other ions will not
compete with Pu sufficiently to prevent complex formation because the stability
for (IV) actinide complexation - as shown by the stability constant for Th(IV) on p.
39 of the SOTERM appendix- is orders of magnitude larger than that for other
ion complexes with citrate.

Another possible ligand for increasing Pu(lV) solubility comes from the
degradation of cellulose. Work in England has shown that degradation of
cellulose can occur both through chemical processes at high pH and by radiation
effects. The degradation products have been shown to increase the solubility of
plutonium dramatically (Cross et al., 1989; Greenfield et al., 1992).

To obtain a more accurate estimate of the effect of citrate and cellulose
degradation products on Pu solubility in the event of human intrusion,
calculations that use Pu complexes formed inside a waste drum and model the
mixing of that relatively concentrated brine with the average repository brines
must be done, taking into account the time scales for mixing and the possibility
that the intrusion event may release some brine from waste drums that has not



had an opportunity to mix with the average repository brines. The development
of an appropriate scenario is discussed further in the next section.

The conclusion given in the CCA SOTERM appendix that EDTA complexes will
not increase actinide solubility is probably correct, since the amount of EDTA is
small and the Ni and Fe complexes have stability constants that are similar to
those for the actinides. It is not shown, and is probably not true, that the more
abundant citrate inventory will not increase actinide solubility, especially for Pu.

Scenarios for dissolution of plutonium

Analyses of the long-term performance of the WIPP repository have shown that
the only likely cause for significant releases of radioactivity would come as the
result of human intrusion into the repository. One pathway for release involves
drilling into the repository level, flooding of the repository with brine, and then
flow of the brine through the overlying Culebra dolomite aquifer. This pathway
would require considerable time before radionuclides would reach the accessible
environment and, in this case, the model of homogeneous brine compositions
averaged over the whole repository at the time of the release is probably
appropriate. For this scenario, the large volume of brine (29,841 m®) discussed
in the SOTERM calculations is probably needed.

Another human intrusion release scenario involves drilling through the repository
and reaching the underlying Castile formation, in which there are pockets of
pressurized brine. If a pocket of pressurized brine were to be encountered
during drilling, it is possible that it might rise up the drill hole, through the
repository, and up to the surface very rapidly. The only waste encountered in
this case might be that in a few drums that were in the immediate path of the drill
hole. These drums might contain low Pu concentrations and little or no citrate
ions or cellulose degradation products, or they might contain the maximum
allowed Pu concentration and sufficient citrate or cellulose degradation products
to fully complex the Pu. The brine composition would be determined by the
local, internal environment in the waste drum, rather than by the grand average
of the repository.

As an illustration, the volume of brine that would be associated with this release
scenario may be estimated by assuming a small diameter exploratory drill hole of
about 0.01 m” area (a bit over 10 cm diameter drill core) and a hole depth of
about 900 m. The volume to fill this hole would be 9 m®. A reasonable volume
for the release of brine before it was capped off would be about 100 m?, or about
10,000 liters of brine. This brine could be assumed to contain the contents of
two waste drums, each containing 10g Pu and 10 moles of citrate. The brine
inside a crushed waste drum with these inventory amounts could be modelled
assuming the drum material was actively corroding to provide Fe(ll) at equilibium



concentration with appropriate citrate complexation as well as the Pu(IV) citrate
complex. The amount of such brine could be quite small (< 1 L) or moderate
(10-30 L). This assumed concentrated brine could then be intercepted by the
drill hole and the brine rising from the Castile formation, providing dilution of the
concentrated brine, but probably not a major change in speciation. The
appropriately diluted brine would then be the material that would be assumed to
reach the surface.

The construction of the CCDF for assessment of compliance with 40 CFR 191
would then involve a selection of model realizations with the release from a
pressurized brine and a probability distribution of whether the drums that might
be intersected by the drill hole were those with high Pu or with low Pu. This
method for handling heterogeneous waste distributions and heterogeneous
equilibria in the respository would be rather simple to implement, at least on the
level of exploratory calculations.

Suggestions for future work

Experimental work

Performance predictions for WIPP are currently done using equilibrium
thermodynamic modelling of brine chemistry and with Th as the representative of
the (IV) actinides. The calculated Th concentrations have internal
inconsistencies (described in Appendix B) with respect to both the total solubility
and the speciation of Th under conditions with similar brine composition.
Experimental work on systems that contain Pu itself, rather than Th as a
surrogate, have been started and should be continued. Results from these and
future experiments should be compared with existing experimental results on
U(IV) compounds.

If MgO will be used in the repository to control pH and to attempt to control
carbon dioxide fugacity, experiments using brines with nesquehonite and brines
with hydromagnesite should be conducted. Carbon speciation should be
measured in these experiments as a function of reaction progress, as well as the
evolution of the brine chemistry. These parameters will be needed if the longer
term solubility of Pu in these systems is to be modelled. Redox state of Pu in
solutions should be measured; methods that might be used are direct
spectroscopy at relatively high concentrations and valence-specific solution
extraction methods at low concentrations.

The stability constant for formation of citrate complex ions with Pu(lV) should be
determined. The sensitivity, if any, of the value of the stability constant on brine
composition should be evaluated. Experiments in systems that contain
abundant citrate and Pu together with metallic iron and iron corrosion products
formed under WIPP-relevant conditions should be done to evaluate the ability of
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Fe(ll) in solution to compete for citrate ion in complexes. Sequential dilution of
brine with Pu-citrate complexes in solution by adding samples of that brine to
solutions containing brine with metal and corrosion products should be
conducted to provide validation of the calculations suggested below.

Thermodynamic properties and models

Use of Th to model the behavior of all actinide (1) elements requires that (1) the
chemistry of all actinide (IV) elements in brines is closely similar and (2) that the
data base for species formation and solubility as well as for activity coefficients
of Th(IV) species in brines is sufficiently well known. The differences found
between Th concentrations calculated by Novak and Moore (1996) and those
measured by Rai et al. (1997), and the differences between the calculations for
Th and the experimental data for U(IV) indicate that one or both of those
requirements is not met.

Several work areas need to be undertaken in order to improve the reliability of
the calculations. First, the calculations should be done using data for Pu and
the values for solubility and complex ion formation contained in the peer-
reviewed data compilation prepared by OECD/NEA. This work has been
underway for about 10 years and has had many man-years of effort from the
members of the specialist review committee. Even though small changes may
be made between the current draft document and its final publication, it is likely
that a significant improvement in the consistency of the calculated results and
the findings in solubility and speciation experiments could be found if this source
were used for the basic thermodynamic data.

DePablo et al. (1995) reported calculations of U(IV) solubility in brines using an
equilibrium thermodynamic modelling code developed by the US Geological
Survey. It would be instructive to compare the results of calculations of Th
solubility using the same code and data base to the reported results of Novak
and Moore (1996). In particular, a comparison of the calculated activity
coefficients for dissolved species using each code would be useful. For highly
charged species such as Th(COs)s” it is extremely difficult to estimate the
activity coefficient using calculational methods. Comparison of the species
included in the calculations as well as the results of speciation and solubility
predictions for Th would be interesting and might give an insight into the
uncertainties that exist in the calculation of solubilties for these systems.

A sensitivity analysis should be conducted to determine the effects of
uncertainties in both the solubility measurements and stability constant
determinations as well as the estimation of Pitzer parameters on the final
calculated solubility. This would involve a “Monte Carlo” type of sampling
procedure that selects a value within the range of +/- appropriate to the solubility
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product for a given compound and then values for each of the complex ion
stability constants within their range of data uncertainties. A similar process
would be used for the calculation of the Pitzer coefficients. Results of 30 to 40
calculations using this type of sampling method should give a reasonable
indication of the real range of combined uncertainty in the calculations.

Release scenario calculation

A scenario for release via human intrusion that involves release of brine with
concentrated Pu-citrate content via mixing with a larger volume of brine and
transport through the Culebra aquifer should be done. This calculation can be
done as a simple, sequential dilution model in which 10 liters of initial Pu-citrate-
containing brine is mixed with 10 liters of Salado brine equilibrated with
appropriate minerals and Fe(ll) corrosion products. The second calculation
would then mix this 20 liter volume of brine with another 20 liters of Salado brine.
Ten steps of mixing would give a brine volume of 10,000 liters. The pattern of
speciation changes in Pu and the overall Pu solubility calculated could then be
compared to the sequential dilution experiments discussed above. If the results
agree, a level of validation is achieved for the calculations. If the results
disagree, insight into requirements to improve the data base and calculational
methods should be gained.
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Appendix A

Review of “Chemical Conditions Model: Results of the MgO Backfill Efficacy
Investigations’, Sandia National Laboratories (no author names), April 23, 1997, Draft.

This paper describes some experiments in which MgO in the form of small pellets (2to 4
mm in size) or MgO “fines’ (0.5 to 1.0 mm) were reacted with Castile and Salado brines
(presumably synthetic, but the text does not address this point).

The experiments produced reaction products that are predominantly nesquehonite
(MgCO53H,0) with the later appearance of a phase that could not be positively identified,
but was tentatively identified as MgCO; 3H,O - MgCI(OH) (PDF7-278) (no name given).
The chemistry of this phase is quite different from that of hydromagnesite [(MgCOs)4
Mg(OH), 4H,0]. Despite this, the paper claims on page 30 that “we observed that
hydromagnesite, with aloose platy habit, is the favored metastable phase in our
experiments, rather than nesquehonite.” (See comment 4 below for a more detailed
discussion.)

The concentration of an element in solution is the sum of al of the species concentrations
in which that element is present. Usually, one species predominates as the most soluble
for a given element under a given set of conditions, and the concentration of that speciesis
determined by the solubility of the most soluble solid phase that results in that species
being formed. That phase will continue to control the solubility so long asit is present in
the system, even if other, more stable, phases are also present. For the set of possible
conditions with MgO backfill present, and assuming the absence of ligands for the
actinides that result in even higher solubility species, the phase that resultsin highest (1V)
actinide solubility is nesquehonite. So long as nesguehonite may be present in the WIPP
repository, the solubility of (1V) actinides must be modelled using calculations that include
it as amember of the phase assemblage. Since the production of CO; is assumed to

persist over periods of thousands of years, and since nesquehonite is observed to be
formed early in the sequence of phases formed when carbon dioxide reacts with MgO in
the backfill, we must assume that nequehonite will be present over thousands of years,
even if it can be shown that the conversion of a particular amount of nesquehonite to aless
soluble phase occurs over atime scale of afew hundred years.

Asshown in item 7 of the detailed comments, the solubility of (1V) actinides with
nesquehonite present is even higher than that calculated for the case with no MgO present.
If nesquehonite must be considered as present for most of the performance period of the
repository, it would seem that the addition of MgO does not enhance the performance of
the repository, but rather adds to the uncertainties to be considered, if our attention is
limited to the case of the (V) actinides. For the (111) and (V) actinides, the MgO does
seem to reduce the solubility considerably, even with nesquehonite present (data in Novak,



21 April 1997 memo). Since Pu is the dominant actinide, and since (V) isthe most likely
oxidation state for Pu under WIPP conditions, there might be good cause to reconsider
the inclusion of MgO as backfill in the repository.



Detailed comments:

1. p. 5, bottom. “Thereis evidence in the literature that MgO can exhibit a bactericidal
characteristic. However, there [sic] studies supporting this assertion were performed
under conditions far removed from those expected in the WIPP and no direct correlation
could be drawn from the literature conditions to those expected at WIPP. Therefore, no
beneficial credit was taken for the potential bactericidal effect of MgO and the microbial
gas generation rates were left unchanged.”

The microbes are assumed to decompose cellulose to CO, and methane. If the
microbes are not present, chemical degradation of cellulose a high pH islikely to
result in compounds that can form complexes with actinide elements and increase
their solubility. See, for example, the paper by J. E. Cross, F. T. Ewart, and B. F.
Greenfield in Mat. Res. Soc. Symp. Proc. Vol. 127, W. Lutze and R. Ewing, eds.,
pp. 715-722, 1989. Absence of microbes may provide negative as well as positive
contributions to the potential performance of the repository.

2. p.2, middle. “Arrhenius plots assembled with laboratory synthesis of magnesite at
60°C for 7 years and at higher temperatures suggest that magnesite will form within
severa hundred yearsin the WIPP.” And, p. 19, “Nesquehonite is also temperature
sensitive, but is stable well within the temperature range anticipated at the WIPP; it will
convert to hydromagnesite above about 60°C (Lippmann, 1973).” The extrapolations
using Arrhenius plots are discussed in more detail on pages 35-6.

The use of data obtained outside of the field of temperature stability of a phase to
estimate kinetics of converstion of that phase to another phaseisinvalid. In
addition, the phase into which nesquehonite convertsis stated on p. 19 to be
hydromagnesite, not magnesite.

3. p. 13. The pH curves vsreaction time show Salado brine with both the “coarse” and
“fine” MgO with pH about 6, and the Castile samples to have pH about 6.8. In the figure
caption, it is claimed that “The difference between the Salado and Castile curves reflects
differences in the mineralogy of the coatings formed in these two brines.”
This statement seems to conflict with the reaction product discussion in the
manuscript on page 20 ff.

4. p.30. “Asdescribe[sic] in Section 4, we observed that hydromagnesite, with aloose
platy habit, is the favored metastable phase in our experiments, rather than nesquehonite.”

This statement conflicts with the content of section 4. Hydromagnesite was never
identified in any of the experiments. Nesquehonite was described as the abundant
and identifiable phase in most of the experiments.

The reaction sequence observed is decribed on p. 20 ff. in the draft manuscript.
Thereis no clear difference in the phase assemblage claimed in the two brine



systems, only in the morphology of the phases; see p. 27 top in the draft
manuscript. From what can be seen in the text, nesquehonite, once formed, persists
in the system even if a new, unidentified phase also forms later.

The first phase observed (at point ¢ in the model of reaction progress) is stated to
contain C, O, and Mg, with very little Cl. It isinterpreted to be
protohydromagnesite on p. 21, top. Note: protohydromagnesite is not the same
phase as hydromagnesite.

“For the coarse fraction samples, nesquehonite formation had become the dominant
ateration process by day two for the Salado fraction and day three for the Castile
fraction.” (p. 21)

For the fines, at day four there was no nesquehonite observed in either brine, but the
original alteration product (noted above as point c) was thicker and is now referred
to as “hydromagnesite-like”. At day ten, the Salado brine sample with MgO fines
showed nesquehonite as a mat over a Cl-rich version of the “hydromagnesite-like”
materia. (p. 21, middle and Fig. 4-5).

At stage f in the reaction progress model, the samples (not stated whether it is
coarse fraction, fine fraction, or both) develop an interlocking mesh of fine, platy
crystals, which isinterpreted to be protohydromagnesite containing a detectable
amount of Cl.

On p. 27, the appearance of the new phase is claimed to be related to the presence
of ahigh Mg concentration. The phase identification was tentative. “Although the
SEM photographs show the material to be crystalline, the small crystal size has
made it very difficult to get positive identification by x-ray diffraction. The best,
though till highly tentative, identification arises from the comparison of the fines
recovered from a 10-day treatment. In the case of the Castile coarse sample, avery
clean pattern for pure nesguehonite was obtained. The dominant peaks in the
Salado coarse sample were also nesquehonite, but a comparison with the Castile
pattern showed that a few very small new peaks were present. These could be
indexed to the material MgCOs 3H,0 " MgCI(OH) (PDF7-278).” Six lines later, the
manuscript claims “The parallel between this new material and hydromagnesite is
quite evident. Both this phase and hydromagnesite [(MgCOs), Mg(OH), 4H,0]
consist of mixtures of magnesium carbonate, magnesium hydroxide, and waters of
hydration.” This analogy would imply that most of the other phases listed on page
18 would aso be equally closely related to the new material. The presence of Cl in
the new material is, apparently, not considered to be important.

On. p. 29, the results of the “tea-bag” experiments are discussed. The samples with
longest reaction times were for 19 days. “In the 19-day samples, masses of
nesguehonite needles are readily observable in the pore spaces between the grains.”



5. p.32. “Given the extremely slow precipitation rate detailed by the low pCO; in the
repository, we expect that nesquehonite will not form. The favored metastable phaseis
hydromagnesite.”

It is difficult to reconcile this claim with the experimental evidence presented in
Section 4 of the manuscript, especialy since hydromagnesite has not been seen to
formin any of the experiments described in that section.

6. Inthefigure caption for Fig. 5-5, it is stated “ In our experiments, nesquehonite, [SiC |
isinitially formed but converts to hydromagnesite, probably through the
protohydromagnesite intermediary.”

This statement misrepresents the experimental results. The only phase that was
positively identified was nesquehonite, which was found in abundance in nearly al of
the experiments discussed in the draft manuscript. The reaction path described at
the top of page 37 as “possible”’ isjust that - possible, not definitive.

7. p. 38. “Asshown previoudly, hydromagnesite has been observed and predicted to be
the metastabl e phase possibly formed in the repository which then ages to form magnesite.
Model predictions were performed to predict the actinide solubilities which could occur
during these transient periods. To perform the model predictions, hydromagnesite had to
be added to the actinide solubility database.”

As stated above, hydromagnesite was never identified in the experiments described
in the draft manuscript. In other materials available from Sandia, it was seen that
calculations were also done with nesquehonite (C. F. Novak memo to R. Vann
Bynum dated 21 April 1997, “ Calculation of actinide solubilitiesin WIPP SPC and
ERDAG6 brines under MgO backfill scenarios containing either nesquehonite or
hydromagnesite as the Mg-CO; solubility-limiting phase.”) Since the results with
nesquehonite were quite different for the (1V) actinides, they are reproduced here
together with the results reported in the draft manuscript.

Conditions +4 act., molar +4 act., molar log

Salado (SPC) Cadtile fugacity (CO,)
CCA cdlc. 4E-6 6 E-9 -6.9
No backfill SE4 7E-5 Oto2
5424 hydromag. 1E-8 4 E-8 -55
4323 hydromag. 2E-8 5E-8 -5.39
Nesguehonite 6.3E-4 10E-3 -3.8

pcH for Salado conditions is calculated to be 9.4 and for Castile, 9.9.

Note that with nesquehonite present, the solubility of the +4 actinides is higher than
it iswith no backfill present. This suggests that the addition of MgO backfill may



not provide clear improvement in performance, but may add significant uncertainty
in performance predictions.



Appendix B

Comments on SNL Tech Memo by C. F. Novak and R. C. Moore dated March 28, 1996,
“Estimates of Dissolved Concentrations for +11, +1V, +V, and +V1 Actinidesin a Salado
and a Castile Brine under Anticipated Repository Conditions.” (Referenced in US DOE
Title 40 CFR Part 191 Compliance Certification Application for the Waste I solation Pilot
Plant, Appendix SOTERM, October 1996. Stated to be on file in Sandia WIPP Central
FileA: WBS1.2.0.7.1; WBS 1.1.10.1.1: WPO 36207.)

This memo describes the general method used to calculate the solubilities of actinides for
use in the CCA and gives the results for several sets of calculations. The database used is
cited, but not included in the memo.

Solubilities were calculated using an equilibrium thermodynamic speciation code “FMT”,
which employs Pitzer-type interaction parameters to obtain activity coefficients for
dissolved species.

Equilibrium thermodynamics for solution chemistry requires the use of the activity, a, of
species in equations that describe solubility or complex ion formation. The activity of a
speciesisrelated to its concentration in solution by the relationship

a=gn where gisthe activity coefficient and m is the concentration of the
species in moles per kg of solution.

The solubility product, K, oOf the salt AB in an agueous solution can then be written as

Keg = an+de/8n8 = (Ga+Ma+)(%6-Me.)

The term aap is eliminated because the activity of a pure solid isunity. The terms such as
Oa+ are the activity coefficients of the dissolved ionic species. For an idea solution, which
generally means solutions near infinite dilution (very little solute), these terms approach
unity and the solubility may be approximated by the product of the molal concentrations.
At low total dissolved solids for aqueous solutions, molal concentration (m) approaches
molar concentration (M = moled/liter).

When solubilities are calculated for systems with many components, a group of
equilibrium solubility equations must be solved simultaneously with a group of association
relationships that describe formation of complex ionsin solutions. The association
relationships generaly are limited to the attachment of an anionic ligand, L, to a cation,
A+,

D11 =aa /a-8a+ where the subscript 1,1 indicates that the
complex consists of 1 cation and 1 ligand.



To solve the system of equations, data are needed for the equilibrium solubility constants,
the association constants for ligands with cations, and the activity coefficients for all
solution species.

What is available from direct measurements is the equilibrium solubility of compounds
under various conditions at a fixed ionic strength in some noncomplexing electrolyte such
as 0.5M NaClO, and similar data for association reactions for ligands and cations. These
data must first be extrapolated back to zero ionic strength to get true equilibrium values
for infinite dilution and then extrapolated up to the ionic strength of the actual solution.
For dilute natural groundwaters, the zero ionic strength data are generally used directly.
For brines, the use of some scheme such as Pitzer parametersis needed to provide the
activity coefficients for the calculations.

Chemical solutions with many components are routinely modelled using computer codes
such as EQ3, or, in the case of the WIPP project, FMT. These codes use a database of
equilibrium, zero ionic strength data for solubility and complex ion formation, a method to
calculate activity coefficients as a function of solution chemistry and solution ionic
strength, and a numerical method to solve alarge number of simultaneous equations.
Errors and uncertainties can enter the calculations from any and all of these areas. In
addition, since the codes are for equilibrium conditions, when systems occur with long-
lived metastable species the code user must select which species will be surpressed in the
calculations. This means that the surpressed species are eliminated from the calculations
so that less stable species can control solution concentrations. For example, if
hydromagnesite is to be alowed to be present, the more stable magnesite phase must not
be included in the calculations. The user of the code must select the phases that will not
be allowed to form.

The types of difficulties that can be encountered in using computer modelling of solution
chemistry are

(1) Datafor solubility or complex ion formation are not available for the species needed
or are incorrect.

(2) Insufficient data exist to allow accurate estimation of ion interactions at high ionic
strength. (Activity coefficients cannot be accurately estimated.)

(3) Datafor solubility or for complex formation are known, but are not included in the
data base used by the code in question.

(4) Incompatible thermodynamic properties data are included in the data base. (Thiscan
cause erratic resultsin calculations.)



(5) Cadculational problems related to the agorithms used to solve the simultaneous
equations. (This can result in errors from accumulation of rounding errors in calculations
or from multiplication of uncertainties through use of a convoluted calculationa path.)

It israre that the accuracy of computer calculations of thermodynamic equilibriafor
complex systems can be determined directly. In most cases, one must examine the results
of calculations for consistency with experiments on related, but not identical, systems. [t
is aso important to examine the results of calculations for internal consistency, i.e., when
large changes occur in the calculated concentration of a solution species, are these
accompanied by other changes in the solution species that would be expected.

When | examined the calculational results in the memo by Novak and Moore, | found
inconsistencies both internally and with respect to relevant published work. These are
discussed below.

Novak and Moore did a series of calculations in which they stepwise equilibrated a brine
composition with selected solids, actinides, more selected solids, and organicsin the
solution phase. The sequence of calculations was

D Brine alone

2 Brine plus halite and anhydrite

3 Brine from step 2 plus Am(I11) + Th(IV) + Np(V) until an actinide solid phase
precipitated for each actinide

4 Brine from step 3 plus brucite and magnesite

(5) Brine from step 4 plus organic ligands.

In addition, steps 4 and 5 were done with saturation with portlandite and calcite instead of
with brucite and magnesite.

Selected calculation results are presented in Table 1 as element concentrations and in
Table 2 as species concentrations in mol/kg. The changesin major solutions chemistry in
going from step 1 to step 3, which isthe first result shown in Tables 1 and 2, were

ERDA brine: sodium increased from 5.63 m to 6.22 m, and pmH decreased from
6.74 to 5.84, accompanied by changesin carbon dioxide and
carbonate species related to pH and compex ion formation.

Salado brine; sodium increased from 2.06 m to 2.9 m, and pmH increased from
4.11 to 5.63, again with changes in carbon dioxide and carbonate
Species.

We will discuss only the calculations for Th solubility and speciation here. For the case
with actinides plus brine plus saturation with halite and anhydrite, two sulfate complexes
with thorium appear as the sole reason for high solubility in the Salado brine case and are
significant contributors to high solubility in the ERDA brine case. The abundance of these



calculated species does not appear to be strongly affected by the factor of 4 differencein
sulfate ion concentration in the two brines. When calculations are then done for addition
of brucite and magnesite, the sulfate ion concentrations in solution remain about the same,
but the Th sulfate complexes become insignificant. This occurs together with a calculated
decreasein total Th solubility. Since the only maor change in brine chemistry for the
ERDA caseisan increasein pH and accompanying changes in carbonate equilibria, the Th
sulfate solution complexes should remain dominant. Their absence in the speciation
results for the step 4 cases suggests that there are mgjor calculational problems with the
FMT code and its data base.

Experimental datafor the solubility of UO; in brines of NaCl with smilar ionic strength
(pH = 7.7) and MgCl, with higher ionic strength (pH = 4.7) under reducing conditionsin
the absence of carbon dioxide gave U*" concentrations of 2.8 x 10" mand 3.1 x 10" m,
respectively (DePablo et al., 1995). These results are compared to calculations for
thorium by Novak and Moore in the following table. (See Tables 1 and 2 at the end of
this appendix for detailed results.)

Table B-1: Comparison of experimental determination of solubility for U with calculated
solubility for Th.

Brine type Experimental value  Calculated value

UQO,, DePabloetad. ThO,, Novak and Moore
NaCl/ERDA 28x10"m 39x10°m
MgCl,/Salado 31x10'm 44x10*m

The Th solubility in the ERDA brine was calculated to be dominated by the
pentacarbonate complex; however, the amount of soluble Th sulfate complexes was
calculated to be 7 x 10* m. For the Salado brine, the calculated Th solubility was due
almost completely to the soluble sulfate complexes. Since DePablo et al. had no carbon
dioxidein their system, the soluble species should be present as hydroxy or sulfate
complexes only. The experimental results are three and four orders of magnitude lower
than those calculated by Novak and Moore for Th. Since the WIPP project bases their
model for (1V) actinide solubility on the assumption that all (1V) actinide solubilities can
be calculated using Th as the modél, this discrepancy between calculations and
experiments under similar conditions is significant.

The Th sulfate complexes used in the calculations were proposed by Felmy and Rai (1992)
when they reinterpreted data published originaly in 1963; they do not consider the
monosulfate complex. Datafor sulfate complexes of Pu being considered for use in the
international compendium of thermodynamic data for Pu and Np under preparation by
OECD/NEA contains recommended values for a mono-sulfate, Pu(SO,)*, and a di-



sulfate, Pu(SO,),, complex, rather than the di- and tri-sulfate complexes, Th(SO,), and
Th(SO,)s, used in the Novak and Moore calculations (K. Spahiu, personal
communication). This suggests that either (1) the complexes used to model Th were
incorrect, or (2) that This not a good surrogate for Pu in its behavior with respect to
sulfate complexes. In either case, the calculations done for Th would not be valid for use
in estimating Pu solubility.

Another problem that is evident in the Novak and Moore cal cul ations concerns the
carbonate species calculations. At low pH in the Castile brine, the dominant soluble Th
speciesis calculated to be Th(COs)s> with very minor amounts of Th(OH)sCOs. At higher
pH (9.9), the two species are calculated to be about equal in importance in Castile brine,
but with the solubilitiesin the 2 to 4 x 10° range.  In Salado brine, the pentacarbonate
complex is absent at pH 5.6 (nearly the same pH as for the equivalent Castile calculation,
which shows this complex present at 3 x 10°m), but appears at 3 orders of magnitude
higher than Castile calculated concentrations at pH 9.4, with similar total dissolved
carbonate species in the two cases. These interna inconsistencies in calculated results
point to problems in the calculational methods used and/or the data base parameters
selected. In addition, the species predominance at low pH should be the opposite of that
calculated for the Castile brine. The stabilitiy constants for these species were determined
by Osthols et al. (1994); agraphic display of the progression of species as a function of
pH isgiven in their paper. The pentacarbonate complex is dominant at high pH, while the
hydroxycarbonate speciesisimportant at lower pH.

An additiona problem with the calculated carbonate species for This that the
pentacarbonate complex is predicted to exist in solutions with only micromolal carbonate
concentrations. In general, this species is not important until carbonate concentrations are
above 0.1 molal. See, for example, Rai et al. (1995). Discussion with K. Spahiu
confirmed that behavior of Pu carbonate complexes could be expected to be similar to Th
and to require concentrations in the > 0.1 m carbonate range.

It should be noted that conclusions drawn by Novak and Moore concerning the lack of
importance of organic complexation in the determination of Th solubilities are invalidated
since their basic calculations for Th solution species appear to contain a number of
significant errors.
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APPENDIX C

Comments on Appendix SOTERM to the Title 40 CFR Part 191 Compliance Certification
Application for the Waste I solation Pilot Plant dated October 1996.

Comments will be confined to those sections of the Appendix that deal with estimation of
the dissolved actinide portion of the source term asiit applies to plutonium. Most
attention will be focused on Pu(IV), which is the most probable oxidation state under
WIPP conditions. The section concerning the potentia for colloidal transport (6) is quite
thorough and, if anything, overestimates the amount of actinide that might be transported
as the result of the presence of colloidsin the brine.

The solubility calculations for the actinides in brines with and without MgO are discussed
in Appendix B. These calculations assume homogeneous equilibria, which for actinidesin
the absence of complexing ligands from the waste is probably an adequate estimate. For
the case where organics are present, the organics are also treated by SOTERM asiif they
were homogeneously dissolved in 29,841 m® of brine. There are some inconsistenciesin
the table of inventories and mola concentrations (see item 8 below); however, this
problem is small when compared to the failure to consider heterogeneous equilibria for
organic complexation with the actinides.

The main difficulty arises because the Pu in the waste is probably located in the same
drums as the citrate, which is the dominant organic ligand. This is because these wastes
arise from chemical separations of Pu and are not the type of waste described in the
general descriptions of TRU waste as contaminated equipment, clothing, etc. To get an
accurate estimate of the effect of organic ligands on Pu solubility, one must calculate the
concentration of Pu as citrate complex inside a waste drum that has been breached, but
can still provide an hindrance to mixing of the brine inside the drum with alarger pool of
brine outside the drum. Thiswill give ahigh concentration of Pu in solution as the citrate
complex. Other ionswill not compete with Pu sufficiently to prevent complex formation
because the stability for (IV) actinide complexation - as shown by the stability constant for
Th(IV) on p. 39 - isorders of magnitude larger than that for other ion complexes with
Citrate.

To obtain a more accurate estimate of the effect of citrate on Pu solubility in the event of
human intrusion, calculations that use the Pu citrate formed inside a waste drum and
model the mixing of that relatively concentrated brine with the average repository brines
must be done, taking into account the time scales for mixing and the possibility that the
intrusion event may release some brine from waste drums that has not had an opportunity
to mix with the average repository brines.

The conclusion that EDTA complexes will not increase actinide solubility is probably
correct, since the amount of EDTA is small and the Ni and Fe complexes have stability
constants that are similar to those for the actinides. It is not shown, and is probably not



true, that the more abundant citrate inventory will not increase actinide solubility,
especidly for Pu.

Specific comments:

(2) p.2 and later discussions of the same topic. The authors appear to believe that
degradation of organic waste can only occur by microbial action and that the most
detrimental product will be carbon dioxide gas. Work in England has shown that
degradation of cellulose can occur both through chemical processes at high pH and by
radiation effects. The degradation products have been shown to increase the solubility of
plutonium dramatically (Cross et a., 1989; Greenfield et al., 1992).

(2) p. 17 Figure caption seems to beincorrect. This should be the Castile Brine.

(3) p. 19 The corrosion equation at the bottom of the page is not balanced. If the
corrosion is envisaged to occur through the action of water, rather than dissolved oxygen,
it should be written as

Fe+ 2H,0 = Fe(OH)z +H,

(4) p. 20, near bottom “Therefore, radiolysisis not expected to affect the reduction-
oxidation state of the repository.” Thisis probably true on the scale of the entire
repository, averaged over time; however, radiation effects within a waste canister that
contains up to 10 g of %°Pu could be quite significant on the local scale.

(5) p. 26 The selection of species for Th solubility includes Th(SO,), (ag.) and
Th(SO,)s . The data base being prepared by OECD/NEA for recommended
thermodynamic properties for Pu and Np includes sulfate complexes for Pu with one and
two sulfate ligands and none with 3 sulfate ligands. In addition, the cal culations of
speciation with sulfate complexes for Th appear to give erratic results. See appendix B
for further discussion.

(6) P.29 The small range in uncertainties estimated for the calculation of solubilities
seems to be at odds with the differences in calculated results for brines with rather ssimilar
chemistry and the difference between the calculated results and those measured for
solubility of uranium dioxide in brines. See Appendix B for details.

(7) p. 35 bottom and 36 top. “Neretnieks (1982) has shown that when dissolved actinides
in moving groundwater came in contact with Fe(Il), the actinides were reduced to a much
less soluble state and precipitated.” Actually, Neretnieks did not show that reduction
occurred; he did amodel calculation that predicted the process should occur. His
calculations, of course, have the same limitations concerning the adequacy of the data base
used as do those done by Novak and Moore.



(8 p. 37, Table SOTERM-4. Thistable gives organic ligand inventories and calculated
molal concentrationsin abrine that is stated to be 29,841 m®, being the smallest volume of
brine that could escape from the repository. Converting to kg of brine using a density of
1.125 kg/L gives atotal of 3.35 x 10" kg of brine. Using the inventory amounts in grams

and converting to moles, one finds

Ligand Mol. Wt.,g  Inventory, g

Acetate 60 1.3 x 10°
Oxalate 126 1.6 x 10°
Citrate 192 1.4 x 108
EDTA 372 2.3x 10*

(Mwt. as Versenate)

Inventory, moles

2.2x10*
1.3 x 10*
7.3x 10°
62

Dividing the inventory in moles by the brine amount in kilograms gives the mola
concentration of the organics. The table below compares the results of my calculation

with the values given in Table SOTERM-4

Ligand Molal conc. from
Inventory calc. above

Acetate 6.6 x 10"
Oxdate 3.9x 10"
Citrate 2.2x 10%
EDTA 1.8x 10°

Mola conc. from SOTERM

5.2 x 10"
2.3x 10"
3.6x10°
20x 10°

The differences in calculated concentrations range from 10% for EDTA to afactor of 6

for citrate.
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Appendix D: Summary of relevant articlesused in
preparation of thisreport

D. Ra, A. Femy, D. A. Moore, and M. J. Mason (1995) The solubility of Th(l1V) and
U(1V) hydrous oxides in concentrated NaHCO; and NaxCO; solutions, in Mat. Res. Soc.
Symp. Proc. 353, T. Murakami and R. C. Ewing, eds., 1143-1150.

Measurements of the solubility of U(1V) and Th(IV) in carbonate and bicarbonate
solutions of various concentrations, in some cases with added NaOH. Both solubilites
increase dramatically as carbonate concentrations increase beyond 0.1 M. In generd,
Th(1V) hydrous oxide was about 1000 times more soluble at a given carbonate
concentration than U(1V). Solubilites of Th in Na,CO; solutions decreased with added
hydroxide ion at fixed carbonate concentration (1M).

U(IV) experiments were conducted in inert atmosphere (Ar chamber) and with Fe powder
present in the experiments to ensure absence of U(VI). Th(lV) experiments were also
conducted in an Ar atmosphere, but without Fe powder present. Solubility limits were
approached from undersaturation by suspending freshly precipitated amorphous hydrous
oxides in the appropriate solutions.

Th(1V) solubility increases from 10 E-8 M at 0.1 M Na&CO; concentration to > 10 E-3 M
a1 M NaCO;. U(1V) shows the same behaviour, but the steep increase startsat 1 M
NaCO; and finishes at 6 M. Species responsible for thisincrease is most likely
An(COs)s>. Similar behavior is observed in bicarbonate solutions, but the increase in
solubility begins at lower concentrations - 0.01 M for Th and about 0.08 M for U.



G. R. Choppin (1990) Actinide Speciation in Spent Fuel Leaching Studies, in Mat. Res.
Soc. Symp. Proc. 176, V. M. Oversby and P. W. Brown, eds., 449-456.

Results from SKB’s spent fuel testing program, in which LWR fuel isleached at room
temperature in deionized water or in dilute sodium bicarbonate (synthetic) groundwater
were used as the basis for deciding the expected speciation of U and Pu in these liquids
under oxic conditions.

Figure 2 (p. 452) is a Pourbaix diagram for plutonium redox states under atmospheric CO,
pressure and including carbonate complexes and hydrolysis reactions. The stable
conditions shown are PuO,**, PuO.", and Pu* for oxic conditions and Pu** and Pu** for
reducing conditions. It is noted that PuO," disproportionates into PuO,*" and Pu*" but
that the rate of the reactions depends on the 4th power of the H* concentration and on the
square of the PUO," concentrations so that at low concentrations of Pu in neutral solutions
the reaction rate is negligible. As an example of thislack of disproportionation, atableis
given listing the redox state of Pu in natural waters and showing more than 50% Pu(V) in
most cases. (Note that at high pH this would also be expected. This may explain the
relative long life of Pu(V) in some of the speciation experiments done in brines.) Choppin
concludes that in oxic conditions with Pu concentrations of 10°M and lower, the
dominant species may be PuO,".

The relative strengths of complexation for plutonium cationsis Pu* > PuO,*" > Pu** >
PuO,", which is the same order of relative stability asfor U cations. (Complexes of
Pu(1V) are not discussed, since the paper limitsitself to oxic conditons.)

Under oxic conditions, the spent fuel leaching studies showed apparent solubility for Pu of
5-10 ppb in DIW and 0.3 to 1 ppb in synthetic groundwater (0.002 M carbonate). The
redox states present are interpreted to be Pu(V) as PuO," and Pu(IV) as precipitated
Pu(OH), or PuO, " xH,0 present as the solid phase that limits total Pu solubility. The
ratio of Pu(V) to Pu(1V) in the solution phase is predicted to be extremely large: 10?2 in
DIW and 10°°® in the synthetic groundwater at pH 8.2. (Note: There is no reason to
believe that this mechanism for solubility control under oxic conditions would not also
work in brines.)



H. Nitsche (1991) Basic research for assessment of geologic nuclear waste repositories:
what solubility and speciation studies of transuranium elements can tell us. Mat. Res. Soc.
Symp. Proc. 212, T. Abrgiano, jr. and L. H. Johnson, eds., 517-528.

Discusses experimental results for NpO,*, Pu**, and Am*/Nd** in 313 well water, a
natural dilute sodium bicarbonate groundwater, at pH 6, 7, and 8.5and at T = 25, 60, and
90°C. The experimental results are compared to modelling calculations using EQ3/6.
Tables of stability constants for solution species used in the calculations are given and may
be useful for comparison with those used in calculations for WIPP.

Plutonium was added to the groundwater as Pu(lV). The solubility controlling species
were found to be polymeric plutonium(lV) and lesser amounts of plutonium carbonates.
At pH 7 and 8.5, Pu solubility at 25°C was about 5 x 107 M. The Pu used was Pu-239
isotope. Calculations that assumed crystalline PuO, predicted solubility at 25°C of 10
M. Use of amorphous Pu(OH), in the calculations overestimated the solubility limit to be
10" M at 25°C. The oxidation state distribution found in the pH 8.5 experiments for
species in solution was about 70% Pu(V) and 25% Pu(V1) with minor amounts of Pu(lV)
and Pu(l11)+polymer. (Note, this agrees with Choppin’s predictions that the solid phase
under oxic conditions contains Pu(lV), while the solution species would be Pu(V).)



J. E. Cross, F. T. Ewart, and B. F. Greenfield (1989) Modelling the behaviour of organic
degradation products, Mat. Res. Soc. Symp. Proc. 127, W. Lutze and R. C. Ewing, eds,,
715-722.

Research into the effect of alkaline degradation of organic materias that might be found in
low and intermediate level radioactive wastes showed that the degradation of cellulose
produced products that greatly increased the solubility of Pu. The details of the
experimental results can be found in areport by J. D. Wilkins, UKAEA Report AERE R
12719 (1987).

The specific ligands responsible for the enhanced solubility could not be identified. Also,
attempts to reproduce the effect using possible ligands with Pu did not produce as high a
solubility. This shows the importance of examining actual waste mixtures to ensure that
symbiotic effects are included.

Experiments were conducted with cement equilibrated with water with and without
organic materials and with Pu added as a separate acid solution. The precipitated Pu was
separated and the solution concentrations were measured. The results were

Cement alone + Pu [Pu] =5x 10™°M
Cellulose chemical degradation [Pu] =7x 10°M
Cellulose, radiation degradation [Pu] =5x 10° M

The effect of other organics was much less.

New experiments were done with separated organic acids. The closest results were found
with D-saccharic acid HOOC - (CHOH),  COOH, which at pH 12 gave Pu solubility of 7.2
x 10° M at 10”° organic acid concentration, 7.3 x 10° M at

10* M organic acid, 8.2 x 10° M at 10°M organic acid, and 9.3 x 10° M at 10°M
organic acid. This behaviour pattern, with little change in Pu solubility even though large
changes were made in organic acid concentration, was successfully described so long as
one considered complexation involving hydroxyl groups as well as carboxylic acid groups.

Both experiments and modelling were done for conditions at a redox potential of + 200
mV.



B. F. Greenfield, A. D. Moreton, M. W. Spindler, S. J. Williams, and D. R. Woodwar
(1992) The effects of the degradation of organic materialsin the near field of a radioactive
waste repository, in Mat. Res. Soc. Symp. Proc. 257, C. G. Sombret ed., 299-306.

A number of different solid organic materials were degraded in the presence of Portland
cement and blast furnace slag (representing the concrete components in the proposed UK
Nirex low and intermediate level radioactive waste repository) at 80°C under anaerobic
conditions. Generally the experiments contained 10% organic and 90% cement. Samples
of liquid were taken periodically, cooled to room temperature, pH adjusted to 12 (if
necessary), and then spiked with a small volume of radioactive elementsin acid solution to
measure their solubility in the leachates. After 2 days samples were taken and filtered, and
then the radioelement concentrations were measured.

Results found for Pu(1V) solubility in leachates produced from 500 days of degradation of
the organics were

Cedllulose or wood fiber 10E-3M
Cotton wool 10E-5M
Bakdlite 6x 10 E-6 M
PvC 10E-9M
Polystyrene 5x10E-10 M
Nylon, Polythene, and

Pure cement leachate 10E-10M

Degradation of cellulose under aerobic conditions resulted in a lower solubility for Pu(1V),
namely 10 E-4 M, and solubilities of 10 E-5 M for Th(1V) and U(1V). Am(l1l) and
Np(IV) in these leachates had apparent solubilities of 10 E-6 M.

The effect of varying cellulose to cement ratio was tested under anaerobic degradation
conditions. The Pu (1V) solubilites found were 4 x 10 E-10 M at 0.1% cellulose, 4 x 10
E-9M at 0.5% cellulose, but 1 x 10 E-6 M at 1% cellulose.

The product of cellulose degradation that is most likely to explain the enhanced Pu
solubility isisosaccharinic acid (ISA); other possible degradation products are produced
in lesser amounts and have less effect on Pu solubility than ISA. If ISA isexposed to
cement, it will sorb onto the cement surface, thus diminishing its effect on Pu solubility.
This is thought to explain the results found at low cellulose loadings in cement.

Modelling calculations were able to reproduce the effects seen in the experiments. It was
concluded that the solubility enhancement for Pu was achieved through complexation that
involved 4 deprotonated hydroxyl groups in the bonding.

I. AIMahamid, K. A. Becraft, N. L. Hakem, R. C. Gatti, and H. Nitsche (1996) Stability of
various plutonium valence states in the presence of NTA and EDTA, Radiochimica Acta
74, 129-134.



Experiments were conducted using solutions of nitrilotriacetic acid (NTA) and
ethylenediaminetetraacetic acid (EDTA) with all four soluble plutonium oxidation states -
11, 1V, V, and VI - a macroscopic (10°M) and microscopic (10'M) concentrations.
Experiments were performed at room temperature in an argon atmosphere. Pu was
prepared by dissolving PuO, eectrochemically in 1 M HCIO, and then adjusting to
produce the desired oxidation states.

NTA was added to an acidic solution of Pu and the pH adjusted to 5 with NaOH. Final
ionic strength of the solutions was about 0.01 M. At the higher Pu concentrations, the
fina speciesisaPu(IV)-NTA complex, regardless of the initial oxidation state of the Pu,
at NTA/Pu ratios of 6. At higher NTA amounts, the Pu(1V) polymeric form can even be
dissolved. With EDTA, only Pu(l11) was studied. This oxidized to produce an EDTA-
Pu(IV) complex.

Studies with the lower Pu concentrations with NTA resulted in mainly Pu(1V) if the
starting valence was I11 or V. For initial Pu(V), about 65% of the Pu persisted as V, with
alittle becoming VI and most of the rest present as V. For initial Pu(V1) at NTA/Pu of
100, 48% of the Puwas IV after 10 days and 31% was V, with 21% remaining as V1.
Very high NTA/Pu ratios reduced essentially al of the Pu(V1), producing 38% Pu(lV) and
61% Pu(V). Experimentswith EDTA at ligand to Pu ratios of 100 and of 1 also showed
persistance of Pu(V) if the starting materials were VI or V, but little or no Pu(VI). Itis
expected that the Pu(V) will reduce to Pu(lV) with time. These solutions had low ionic
strength (as low as 10 M) and no active reducing agents other than the organic ligands
themselves.



J. DePablo, J. Giménez, M. E. Torrero, and |. Casa (1995) Mechanism of unirradiated
UO; (s) dissolution in NaCl and MgCl, brines at 25°C, Mat. Res. Soc. Symp. Proc. 353,
T. Murakami and R. C. Ewing, eds., 609-615.

Experiments using unirradiated crystalline UO; (s) with 1 mm particle size and BET
surface area of 0.0016 m*g were done in synthetic brines. Both oxidizing and reducing
conditions were studied. Reducing conditions were maintained using a hydrogen flux and
aPd catalyst.

Brine compositions: molal concentrations

Species NaCl-brine MgCl,-brine
Nat 6.036 0.48

K+ 0.037 0.57

Mg** 0.018 4.21

ca 0.021 0

Cl- 6.036 8.84

SO,~ 0.058 0.32

lonic Str. 6.25 14.00

pH 7.7 47

The UO; (s) had an initial surface condition that was very oxidized, UO, ; as measured by
XPS. Thisled to an initial rapid dissolution of the oxidized surface even when the solution
was maintained with reducing conditions. The solution concentrations in both brines
gradually decreased and settled after 20 to 25 days at steady-state values of 2.8 x 107
mol/kg in the NaCl brine and 3.1 x 10" mol/kg in the MgCl,-brine. At the end of the
experiments the Eh was measured to be 0 to 60 mV (compatible with the stability of UO,)
and the surface of the dissolving solid was measured to have a composition of UO,; as
measured by XPS. A model calculation was made using the PHRQPITZ code (the
PHREEQ equilibrium code with Pitzer parameters added) and gave quite good agreement
of the predicted concentrations with those measured in the experiments. The predicted
concentrations at zero ionic strength were about a factor of 3 lower than those predicted
for the brines.

Under oxidizing conditions, the final uranium concentration in the MgCl,-brine was about
10 E-5.7, and still dowly rising, while that in NaCl brine was considerably lower (10 E-
6.4) and was constant. Modeling calculations for oxidizing conditions overestimated the
solubility of U in the Mg-brine by about a factor of 1000, while modeling of the NaCl
brines was able to produce compatible results by using a schoepite solubility of 6.2 x 107
mol/kg as the solid controlling the final solution concentrations.



E. Osthols, J. Bruno, and |. Grenthe (1994) On the influence of carbonate on mineral
dissolution: I11. The solubility of microcrystalline ThO, in CO,-H,O media, Geochim.
Cosmochim. Acta 58, 613-623.

The solubility of microcrystalline ThO, was measured in 0.5M NaClO, at 25°C and 1 atm.
as afunction of pH and partial pressure of CO, to determine the stability of carbonate
complexes of Th*. The following species and stability constants were proposed to
explain the results:

For 0.5 M NaClO, conditions,

(1)  ThO(act) + 4H" « Th*™ +2H,0 logKs=9.37+0.13

(2)  ThOs(act) + H* + H,O + COs* « Th(OH)sCO; logbyzi = 6.11 +
0.19

(3)  ThOu(act) + 4H* +5C0O5” « Th(COs)s® log bygs=42.12 + 0.32

Note: For mass balance, equation (3) should have 2 H,O added to the right hand side.
Thiswill not affect the calculated log b1 5.

Extrapolation of these constants to zero ionic strength gave

(1) logKs=7.31+£0.3

(2)logby31=6.78 0.3

(3) logb105=39.64+0.4

The solid used in these experiments was a freshly prepared precipitate of thorium
oxide’hydroxide, which was of low crystallinity, and the atmospheres were mixtures of
97% CO; in N2, 10% CO; in N, and pure N..

For the experiments at 0.1 atm carbon dioxide, the crossover between the Th-
hydroxycarbonate and Th-pentacarbonate species as dominant in solution occurred at pH

=7.5. AbovepH 8, essentidly all of the dissolved Th was present as the pentacarbonate
complex.



F. L. Saylesand W. S. Fyfe (1973) The crystallization of magnesite from aqueous
solution, Geochim. Cosmochim. Acta 37, 87-99.

In the introduction section of this paper, evidence is presented to show that the oceans are
supersaturated with respect to magnesite and dolomite, and that their formation is
controlled by kinetic rather than thermodynamic considerations. Natural occurences of
magnesite are generally in hypersaline environments, with salinity much greater than
Seawater.

Reagent grade basic magnesium carbonate (hydromagnesite) was reacted with saline
solutions that had been equilibrated with atmospheric pressure carbon dioxide at 25°C.
The solid and solutions were sealed into Pyrex ampules and reacted at 126°C to produce
magnesite, which was detected using X-ray diffraction. The experiments showed that
there was along induction period prior to the production of any detectable magnesite.
After crystallization of magnesite started, conversion to pure product proceeded fairly
rapidly. The conversion rate increased with ionic strength and partial pressure of carbon
dioxide, but decreased with Mg concentration. Nucleation of magnesite occurred on
hydromagnesite surfaces (seen in SEM images).



M. P. Neu, D. C. Hoffman, K. E. Roberts, H. Nitsche, and R. J. Silva(1994) Comparison
of chemical extractions and laser photoacoustic spectroscopy for the determination of
plutonium species in near-neutral carbonate solutions, Radiochimica Acta 66/67, 251-8.

Experiments were conducted to investigate the solubility and speciation of *Puin a1.93
mM total carbonate solution of 0.100M NaClO, at pH = 6.0 and 30°C. The isotope ***Pu
was chosen to minimize the radiolysis effects that occur. The experiments were conducted
in a controlled atmosphere argon glove box in which the oxygen concentration was
typicaly 18 to 30 ppm. The Pu solution was added to a 0.100M NaClO, solution that had
been pre-equilibrated with 5.71% CO, in Ar gas together with an amount of base needed
to neutralize the acid from the Pu stock solution.

Experiments with a starting solution of Pu(V) with an initial concentration of 2.51 x 10
M had a soluble Pu concentration of 2.1 + 1 x 10°M after 53 days. The speciation was
determined by spectroscopy to be PuO," at the level of 95 + 5%. When the Pu solution
wasinitidly Pu(V1) as PuO,** at 2.4 + 1 x 10 M, the concentration of soluble Pu after
120 dayswas 3.1 + 5x 10°M, or only 1.3% of theinitial concentration. Thiswasalso 7
times lower than the final concentration when Pu(V) was the initial valence state for the
Pu, even though it is Pu(V) as PuO," that represents the soluble Pu after 28 days of the
experiment. If Pu(V1) disproportionates to produce Pu(lV) at pH =6, polymeric Pu-
hydroxide will precipitate. This may explain the lower final concentrations found when
Pu(VI) was the starting valence.

Speciation inferred from chemical extraction agreed with that measured directly from
Spectroscopy .

10



H. Nitsche, K. Roberts, R. Xi, T. Prussin, K. Becraft, I. Al Mahamid, H. B. Silber, S. A.
Carpenter, R. C. Gatti, and C. F. Novak (1994) Long term plutonium solubility and
speciation studies in a synthetic brine, Radiochimica Acta 66/67, 3-8.

This paper describes solubility studies of *°Pu in a synthetic brine (H-17) conducted with
a gas phase overpressure of 0.26% CO, and 20.75% O, in argon. Five separate
experiments were conducted using initial species of Pu as Pu**, Pu**, PuO,", PuO,*, and
Pu(1V) polymer at concentrations high enough to ensure supersaturation. The brine
composition was

ca*  0.029 M/L ClI  2482M/L

Mg® 0.074 SOo,~ 0.075

Na" 2397 Br  0.00095

K"  0.031 TIC 0.00082 (Total inorganic C as HCOs)
B*  0.004

pH = 7.0, pCO,q = 10 E-2.56 ATM
lonic strength = 3.0 molal
Density = 1.10 g/cm®

This brine is smilar chemicaly to the Castile smulant brine ERDA-6 diluted by afactor of
2.

Solids that precipitated from the samples that originally contained Pu(l11), Pu(1V) or
Pu(IV) polymer appeared to be identical and consist of Pu(1V) polymer. Solids recovered
from the experiments that initially contained Pu(V) and Pu(V1) effervesced when dissolved
in HCl, indicating that they contained carbonate. Similarities of the x-ray patterns for
these solids with those of KPuO,CO5(s) suggested that the solid was NaPuO,COxs(s), for
which no reference powder pattern was found, since there is so much more Nathan K in
the brine.

Steady state concentrations found range from 2 x 107 M for solutions that originally
contained soluble Pu(l11) and Pu(lV), to 3.6 + 0.8 x 107 M for Pu(V) solution, and 7.6 +
2.3x 107 M for initid Pu(V1). The predominant oxidation state of the solution species at
the end of the experiments was (V1) with lesser amounts of (V), found mainly in those
experiments that began with Puas VI and V. Eh measured in solution at the end of the
experiments was +400 to +500 mV vs. the normal hydrogen electrode.

11



D. T. Reed, S. Okgima, and M. K. Richmann (1994) Stability of plutonium (VI) in
selected WIPP brines, Radiochimica Acta 66/67, 105-111.

States that the predominant actinide in TRU waste will be plutonium-239 at the level of up
to 10 grams per waste drum.

Studies were done in two synthetic brines - brine A (smilar to Salado conditions) and
ERDA -6, which represents expected conditions in the Castile formation brines - and in
two brines collected from the WIPP site. The natural brines had a composition that was
between those of the synthetic brines with the exception of sulfate, which was a factor of
two higher than ERDA brine for one of the natural brines. The pH was about 6 in all
cases.

Pu(VI) was stable in Brine A, which contained carbonate. In the ERDA brine, which had
no intrinsic carbonate (other than that which would dissolve from contact with norma air),
the predominant species was a Pu(V1) hydrolytic form, with the possibility of some Pu(V)
forming over time. In the natural brines, the Pu(V1) species disappeared from spectra
after 6 days and no peak attributable to Pu(V) was observed. Final concentrationsin these
brines for Pu were about 5 x 10°M, which would make direct observation of Pu(V)
doubtful; however, the authors conclude that the Pu has been reduced further to an
unidentified species, possibly polymeric plutonium.

12



8.4bh  Solebility 1ssues Raised by Dr. Rodney C. Ewing
Alter the Febroury 20, 1998 Meeting Between the EEG and Sandia.



Department of Noclear Engineering and Eadinlogica] Sciences
The University of Michigan
Ann Arkor, Michigan 48100-2104

phone: (734 &47 §52%
Tap: {7341 647 £531

Rodney . Ewing
Februarv 72, 1998

Robert H. Meill, Director MAR hzm
Eovironmental Evaluation Group
Buite -2, 7007 Wyoming Boulevard, NE EHVIRCNMENTAL EVALBATION gROUP

Albuquergue, New Mexico 371092
Dear Bob,

Thank yopu for inviting me to anend the technical exchange
mesting hetween DOB contraciers and the ERG on the subject of the
actinide xparce werm {AST) held 1his past February Z20th.  Sioce the
tlme o the last mecting of the MNatlonzal Research Cotncil’s
Committee ot the Wasie Isolation Filot Plant {May, 1997), 1 have
not had the oppaormunity 1o Joltow the progress of the AST program.
1 should also emphasize that 1 amn 0o longer on the WRC WIPE
Committee, and these briel romments represent my owl views, 1
Am 1ot a represeplative of consulant lor any commitiee or agency
rerpardine the WIPE.

I wanl 1 emphasize my view of the importance of the aciinide
soorce wrm woark.  Althoeugh the NAS (199%6) repornt on WIRF
arcived a1 a positive evaluation of the powntial for the WIPP as a
repofilory Tor wansuranic waste, the zsame report olearly
idemtifled omistanding 1echnical issues, prominent among them
wasd Lthe issue of actinide xolohilites In bBrine (papge 5).
Unfortunately, ithere was Htue of subsiance to review concerning
the AST progtram al 1the (Ume the WIPP committee completed its
report in Uctober of 1996, We concluded (page &2):

“Owverall, the scienllfix propram ouwtllned by IMJE for study of the
source term is adeguave, provided thar the program is carried 1o
completion.  Boecause the program at this lime consists larpely
of work planned or In progress, it has not been possible to
critically review experimental results or to judge whether
Lthese results are used appropriately inm the FA analysis.”

Thus, I believe the review of this topic by EEG and EPA is esscntial
1o esiablishing confidence in the data and modcels used for the AST
in lthe performance assessment. ] note that the most recent PA
analysiz supgests that the actnide solubilities in brine are of
lesser importance; howewver, this cronclugsion i35 based on the new
and revised wview of transport in the Calebra and the imtroduoction
of the MgO backfill. In the event, cither or hoth of these issues
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change with lurither anpalvsis or experimental rexults, then the
tole of actinide solubjlitizs may again become important,

My penceral obscrvations and comments include:

L.

The oxidution stete gnalogy snd the FMT calculations appuear

to predict itrends in aceinide solubilities; however, this work
still requires imporianlt experimental verification. The NAS
(1996&) report concioded (papce 63),

“Although some azperis of vk peochemical hehavior can be
estimaled by siadies of ather actioddes wsing the oxidation
stare model, ideally, dawa for each oxidation siawe shoald be
faollowed by experiments with plutonium,”

The presentations this past week only emphasized and
confirmed the need for ruch experiments. Particularlvy
importanl were the points made by the EEG consultant, Dr.
Virginia Cheersby, which were based on a critical review and
uge of duta in the published scientific literature. It seems 1o
me that the credibility of the project would be greatly
enhanced by the cemparizon of FMT results to experimental
results obtaitied cutside of the project, as an example, studies
of actinide sclubilittes in spemt Tue] or 110, corrosion
EAPETiments,

I certainly appears to be an opporlcne time g review the
resulls angd analysis of the source term esy propramn {STTP)
ar LAN]. The limited results presented, were used 1o
conclade thar the predicted actinide concentraticns ion brine
are “confurvative™ o my view, the data ooly suggest that
there are processes (not identified) that affect the actinmide
concentrations, and those procoesses, in general, lower the
actinlde concentravions.

There was some mentiot of discoplinuing spme of these tests;
however, coneidering the time, =ffort and expense reguired
i begin and sustain these experiments, such o decision
should be made omly aler carefal] review and analysis of the
data from the 3TTP cxperimoents. Although some of 1he
experiments may have no present appllicability o the WIPP
project, DOE may want 1o conslder the experiments in a wider
context, a5 an example the ipteraction of actinides and clays
may be important to other DOE projects; thus, there may be
value to Ccontinwing even those experiments which are not
now Ccongidered to be relevant to WL
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3.

The project still iz not in a positdon to present and disemss
models of the lonpger term evolution of the chemistry of the
WIFF system. In thiz regard, well consirained, simple,
experiments with relevant actioides {ep., Fua) thar are
designed 1wy run Ior yvears are still much peeded. T see no
reason that such expetiments cannol be initiaied and run
throtiph the operational phase of the repository, and their
recults may be utilized in the recertification process. This ix
congistent with the recommendations of the NAS (19496 sindy
(page 64). Similar experiments to stody retardation in the
Culebra would also be of wvalue.

Copforning the report and comoents by the EEG runsulhant,
Dr. ¥, Owvershy, T belicwve thet some of the issues she raised
caty be rather directly addrossed by the exchunge of recent
and relevant results, swraighforward calcuolauons, anddor
limited additliopnal experimential work.,  Dowever, her
approach to the review of the CCA, particutarly in the areas
of wverificavion and walidation, merit careful arrention. I
believe that she very commendably demonsirated the rcal
meaning of a critical review by:

i.) comparison of project results to the published literaiure
(g, use of the NEA data base; U, and spent fucl cerrosion
studics]):

1. comparison of resalts Trom projpert Sodes and models 1o
more generally wsed and accepled gpeochemical code resules,

| hope that these brief comments are of use to the project. You
miy rive copies to this lenmer to DOE and EPA.

[

Sincerely,

=

Rod Dwlng

Jobn Garrick, chair, NEC WIPF Comniittes
Thomas Kiess, #tall alficer, NRC WIM' Committes



8.4c Solubility 1ssues Raiscd by Dr. Yirginia Oversby
After the February 24, 1998 Mecting Between the EEG and Sandia,




Issues related to solubility of Pu at WIPP
1) Heterogeneous vs homogeneous equilibria

Calculations of solubility of actinides under WIPP conditions have been
done assuming that before any release the repository will contain 29,841
cubic meters of brine that is well equilibrated. This assumption is doubtful
and other models should be investigated to determine the effects of local
variations in brine compositions and actinide speciation and concentration.
After closure, the repository salt formation will creep and close up void
spaces. Subsequent intrusion of brine, either as drilling fluid during an
intrusion event or as intrusion of pressurized brine following penetration to
layers below the repository, will add concentrated - if not saturated - brine
solutions to the repository horizon. After fluid is added, the resulting
physical state of the repository should still be one of rather low total porosity
and have a high proportion of solids relative to fluids. In that case,
equilibration of fluid compositions over large distances is unlikely, since the
mechanism of mixing would be diffusion rather than advection. Local
pockets of solutions with chemical compositions representative of the range
of potential waste container soluble actinide inventory should be considered,
rather than the grand average of the actinide inventory and brine
compositions. This is particularly important for issues such as the
complexation of Pu by citrate and/or cellulose degradation products, as well
as the changes in solubility that may accompany presence of different
alteration products of MgO.

2) MgO alteration products

The CCA calculations of solubility of actinides assumed that MgO backfill
would alter to produce an equilibrium assemblage of brucite and magnesite.
Later investigations indicated that the first phase formed from reaction of
MgO with aqueous carbon dioxide dissolved in the brine would be
nesquehonite. Calculations of actinide solubility in the presence of
nesquehonite resulted in estimates of Th solubility (and, thus, other actinide
(IV) elements) that were in the range of those calculated for the case without
backfill. While it was argued that the longer-term phase would be
hydromagnesite, nesquehonite might persist for rather long times.

At the meeting between WIPP staff and EEG on February 20, 1998, it was
stated that the reason nesghehonite had been found in the previously
reported experiments was that a high pressure of carbon dioxide had been
used. New experiments, with lower carbon dioxide pressure, produced an
unidentified phase, persistent over at least 200 days, that was thought to be
hydromagnesite.



Two issues remain to be resolved: 1) what is the identity of the phase in the
new experiments, and 2) what is the effect of heterogeneous repository
conditions on the pressure of carbon dioxide in local regions of the
repository. Gas generation rates will depend on the local abundance of
bacteria and microbes as well as the local abundance of materials that can
degrade to produce carbon dioxide. An analysis of maximum gas generation
rates in local areas is needed before it can be assumed that nesquehonite
can not form.

3) Relative solubility of Th versus other actinides

As part of the rationale for using Th as an analog to estimate the solubility of
other actinides in the (IV) oxidation state, the WIPP staff claim that Th
always shows higher solubility than U(IV) and Pu(1V). While this has been
shown to be the case for freshly precipitated Th and U hydroxides, it is not
the case for the vast majority of materials that contain U and Th in natural
settings - i.e., minerals containing U and Th. A vast body of geochemical
data pertaining to the U-238 decay series shows that U leaches from
minerals in preference to Th.

Th (and Pu) forms an amorphous solid when freshly prepared from solution
by precipitation of the hydrous oxide. The solubility of this amorphous
hydrous oxide can be quite high. With time, Th and Pu precipitates of
hydrous oxides age into materials that have increasing degrees of
crystallinity. As crystallinity increases, the measured solubility of the
materials decreases. This is the major reason for the very large range of
reported solubility data for Th and Pu oxides in the literature.

4) Solution speciation in solubility calculations

In order to evaluate the potential validity of calculated actinide solubilities
one must closely inspect the identity of the solid phases assumed to control
the brine composition and the speciation of the actinides in solution. As
conditions change (e.g., identity of solids assumed to be present, or
chemistry of the brine), the speciation of the actinides should change in a
manner consistent with the changes in assumed solids and fluid
compositions. Changes in speciation between two successive calculation
that cannot be explained by rational chemical arguments are symptomatic of
problems in the chemical data base or the calculational methods. An
example of this type of problem was seen in the CCA calculations, where Th
solubility was dominated by di- and tri-sulfate complexes in the no backfill
case, but these species were calculated to be insignificant in the case where
Mg was added. Detailed examination of the solution speciation did not
indicate any reason for this drastic change in calculated speciation.



5) Calculations and measurements for pyrochemical salts

Tests underway at LANL using actual waste samples have produced
conditions for which the calculated solution concentrations for Pu were
greater than 0.001 M. The details of these calculations have not been
presented. If the pH of the brines in contact with the pyrochemical salts is
near neutral or higher, the high calculated solubility should not be greatly
affected by the assumption of adding MgO to the system. Measurements of
Pu-239 in these tests gave concentrations of about 1 E-5, which is higher
than the concentration used in the CCA for demonstration of compliance with
release limits. These high calculated and measured solubilities need to be
investigated, particularly in light of the fact that inventories of Pu contained
in chloride salts at Rocky Flats exceed 1 ton.

6) Direct estimates of solubility for U(IV) and Pu(lV)

The Nuclear Energy Agency (NEA) of the OECD has published a
compendium of recommended values for the thermodynamic properties of U.
Data from this volume (l. Grenthe, ed.) should be used to provide a direct
estimate of the solubility of U(IV) in brines similar to those expected at
WIPP. Also, data on U solubility in brines published in the open literature
should be used as a means to estimate solubilities for U(IV) under WIPP
conditions.

The NEA is also preparing a compendium of recommended values for the
thermodynamic properties of Np and Pu (R. Lemire, ed.). This volume is in
the final stages of preparation, so that any changes in the recommended
data between the present draft and the final issued volume should be small.
This volume could provide a sound basis for estimation of Pu solubility in
WIPP brines.

7) Needs for additional experimental work

Direct measurements of solubilities of actinides under conditions that are
assumed to be relevant for WIPP are needed. Some examples of the types
of experiments needed are measurements of the solubility of Pu in brines in
the presence of Fe, direct measurement of Pu speciation in brines, and
solubility of actinides in the presence of the alteration phases of MgO, both
at low and high carbon dioxide concentrations.



8.5 WIPP Related Geological Issues (Chaturvedi, 1993)
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8.6 Leiter Reports of EEG Consultants on the K Issue
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Hydrochem Systoms Corporation
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D, Eobort H. Beill

Dhrecior, Erparonmeital Evaluation Group
FUUT Bowlevard, W.E., Syite -2
Alnuguengue, Nid 27109

Chear Bohe

Following are some thoughts based on my alkendimnes gl vhe DORFBEG Meeting on Chemieal
Poeardation in Albuguergae on Joky 36, 1947, and on related reading, T have crdered the
dyseU ssmon toplcs us they wore act fonth by Pr. Lokesh Chanurved: of EEG o bos mtroductory
[l EhErikaLia.

‘1ransterability of Lab K, Lrata to biskd

Transferability has ahways beep an 1ssue of concern. My understandme is that a consensus
nuw Caists that proumdweter fiew m the Culcbra is slews coough to poarantee that important
dilfgoen of the proundwaler mio reck mairx wall ogeor, T ths 5 Lhe case then the radiomucides
i groundwater will have aniple apportunicy o access muneral surfaces in pares in the dolomite,
rakmsr laboratery measured batch Ky vulues appheable 1o the feld.

The Linped K Data Dase

The limiled K, dala base rethaing 2 serjous prablem. We can all agree that K vahzes for
the importat actimkdes Mz, Am and U, regardless of oxsdation state, probably equal or cacoed |
ml’y in Culebra eroundwaters, which s mecessary for conmplinne:. However, the bydrplugic
rodel for the Culebea amd associated groundwater flons mechanisins and travel times in the
formation have non-zero uncertamities. It i gnclest how moch these hetrolopoc umcet Uit liey
cuntribate to the ynoerlamy of assigning £ it complianee B, valpe of | mlig. Given this
additicnal hydsalegic uneertainty, it were o repdator, 1 wowhkd be much more confident that the
sic was in complianec if the DWOE's recommwmnded K,'s for the imputtunl nolticles wete ar least
LE1 Lex B30 pawoves preater than |oealiz, As disenssed below, e appreach nsed by the DOE for
estimating noncaswed K values mvelves guestionable assumptions.

K, Tistimation kethods used Ty the DOIE

The THIG propases that K, values for actinede catians of the sane charpe shoukd be
roughly the same. This approach has been used by many cthers, (Sec discussion belowd, [
wepbmiens Ties in e Tacl than such apprecmiction s asseme (o Jilierences v fhe speciatian
hehaviar ot the cations does pot affect their adsorption and can be neslected.

The second assumpiivn wsed by e TOR westirele K, vilues, s that prediclable vemds
exis) ankonge the K, 's oF actioide eptions of ditferent charge. The DOF assumed that such trends



wentified by Canepa {1552 i Jlute, J-13 proundwaters at Yueea Mowostan would apply L
WIPE brmcs, Cancpa (19423 proposed (hal K, values ot actinides in J-13 groundwatcr shonld
decrease m the same order as thewr solubllities increased n the same prowsbsater, The repsorte
sefubility daea for UWT), NpOY), Fullvy® aod AmdT) plottod Snearly, seemimy to support her
camentman, Thy ledd to the proposal that K, values should decrease m e atder
Ami IL-Pu{ IV =NV E=LIVT), The IXOE has suppested that the same arder of K values
should apgly in groundweaters at the WIRF sie. However, recent solubiliry measurements
porformed at LANL indtcate that Np( V) solubhiy 35 about 10 imes [vaver than assumed by
Cawsepar {1992}, The vcomputed solubility of Np in J-13 groundwacer is i lact as low as 107
mmolL (Langir, 1997, . 5349% abaut 1 less thin sueeesled by Canepa (1992). Similarly, the
selubility of LV m J-13 groundwater may alsa be abaut 107 mplL, 107 ¢ 107 times wwer 1him
projwesed By Canepy {ef. Langmur, 1597, p. 533). Assuming as did Canepa ([ 932}, that the
actimde solubdlities in J-13 proundwater shoeld be fnversely roapattivnel be thedr B values, these
chenges quprge it that the order of decreasmy K75 m J-13 and in WTPP proundwaters showld be
At [T T-Puf TV - Npv )

In fact, i peneral K valnes are pratubly nol mversely proportional to the selobilitics of
the aclinides, Thus, m a sutmmary of adsorption trends among the zciiudes, Langmuir (bid, p.
336) reports mhat K,;'s deciease on e asden THETY - Aard TN VY for the adsomption of these
actmules by ALLY, as evidenced by resnective pH vales of 2.4, 5.8, 7.3 2, 50% ol each specics
adsoebed. Similarly, as pH 15 ingreased, goethite has adsorbed 502 of Pully), LY} and Nply)
ot pH values of 3.2, 4.2 and 7.0, respectively. This is therelnne also (e order of their deergasing
K, “s (Langmuur, ihd, p. 537). Afso, based on 4 Inershire sunvey, Sikaa and Micsche (194967
propaie b peneral order of decressany: K -x for the adsorption af actmides (4o clomonty) by the
same sorbents, ol An{1VE-An{ D= And YT AnY), in general agreement with the ahbrevigted
adsorption series histed previously.  Based on the plot of Canepa (1992), the DOE arses in the
CCA, thar estimaled K values [or AT and PudlL) showld be preater o the measured K, for
Mfvy  Althangh their conclugion is based an lhe questiongble Juip and assumplions o Cangpa
{1992}, the same trend of K, vahies tor these species is iormtansly observed within the
aclsorplian trends or the actmides reporlied by Langmauir, {1997 amed Salva and Ntsche, (1996),

Avaitability and Relizbility of Measured K, Yalues

At the Tuly 31, 1967 meeting in Alngquergue, the T presenied 1he resubs of
#dsorption messurements performed n both column amd batch tests. Results of the intact core
uluirm testy wre probably of guestiomable valug for deteromminge AmITD sl Pu %) (PaiTY )7
adsorption K's | in that the Am asd Pu nput caoncentratans to the cores were high and a0 close

1 o5 Alamas MNatlonal Laboratory

“I'he oaldution state of Pu may Bave beon a mixewre of 1Y, V. amd V1.

*agueous Environmental Geochenmstry, Prencice Hall. Upper Seddle River, W], 800 pp,
tacrmide Favironmental Chertastey. Hachinghime. Acla, in press.
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to satwration @ salids, 1l PIPCTPHALOD Tuther than adscrption may have ecourred. The
Thil¥y column adsorption experinents and their resnlis were pot divcussod 5t the meeting.

UTee:fa] badeh adsorption results have been repatted foe Pufvy, UiVl L1V ) and Npd v}
Perfonnance assessment indicates that the Important actinides at WIPF are Pa and A with 1T ol
terbary importance. Based on gaidarian sinte pradiciions, Pudlll) and Puly) are the dominane
Pu oeidation states m W1 brines. Untoriunately, AmfTIT) halch adsorprion experiments have
piven mconchesive rosults, and batch adsorption of PufTIT and PredTV) s mal been ogeasoral,
Thus, the K, values [e B post onporiood acirsdes in WPP brines have had to be estmared.

K, Values Chasen far Lhe CCA

In the CCA, 1t was conservatively assumed (hat the lowest F, vafues measwred in the
Culebra Dvdoinice af deeper Castide ot Saledo brines would be assmned for performanca
asscsement (PA}. Raopes of K, values tor the actinide catiuns prapased mthe OCA are given io
Table 1.

Tatde 1. K, values used by DOE in the WIFT 1990 Compliatice Certification Applicalion (CCA)
{assumncy wform distnbotion). Bold valies are based chuetly on ateh adserprion measurements
diseussed by 7. H, Brush m s June 10, 15%%6 memo te M8, Ticrney of Sundia Bat, Lyboratonies.
The probable order of decreasing K.°s i coltmnn 7 03 based on earlier discussion o Lhe vext.

[*robable
Cheder of
Oxudation Tracteasing
S1te AT Fu L Th HNp K,'s
111 20-300 20-205) 2
[t dala) oy Jdaray
1A QERRID N0 | S0 000 | SOm-20,000 | S00-20 000 .
oo data) {no dus) iniy daia)
W 20-51H} 1=200 34
W {.03-30 3

The THOE reporied a megyured barch Ky ol 20-500 mil's 1or PofVy, 2 species nol expected i
WIPT brecs. Bascd on adscrption tropds, the K for Am( LT gl P(TIL should e greater than
15 values for PufW)y Giived thiy assympiicn, the TG conservatively asaomes the B or AmilE}
and PullH} enuals the ranpge measured for PudV), Ooe couwld g5 well srpue that Lhe lower
measmed K mnpe of 1-200 wl'y for Npd ) adsorption conld ifstesd lave been asswned
cotiservatively for Amw Il and PodIIL).

In summary, the most mportam actimdes m W PE roes are PudiL), Pa(ly) wnd Aee{T1E},
The THOE has wsed the Canepa {19925 report and Timited hach adsorption data to estimate
values [ir thege accinides 11 WTPE brines. Adthough the estimated K values used in the UCA are
probably conservative, it iy most unfertunate that Am([10), Pu(Tll) and Pufl) adsorption bas not
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becn measuted. T ounderstinml thid mieh adserplion expenments desimmed to ehtam X vahes for
Lherse actides would not be particularly difficult 1o perforon, angd toghl be completes] m o fow
mimthe, 1 1x 4lso possible that sccelerated intace colwnn tescs comld Be mn in a few morills
using at yhttacentrilyge, Adtnittelly, reswltynt K, 's can be predicted to exceed 1-3 mlip.
Hewever, havmp measured instead of estiimated values for the kev actimde species would prently
Wnprove comfdences that K, values for the most inpaortant actinkdes are in compliance with
tepulations,

solulhbily Controls oo Ame Pu. U and Sp Coneontrations in WIPE Brines

Accarding te an unpublished Julv &, EBG Sarcha réped by Stecktum snd Stockman,
tithal “Constramts on Actinkde Oxidaticn State tn Lhe Culebra: Reaction Patl Mixing
Coleulariens™, the Cylebma Txalyante conlains wm aversge of 0.1 7% FoO. These authors slsa note
that 20 polished scetions of the Culebra from @ WTPE-area borelwles cantained pyrile {TeS,) i
every section. 'The redox state of the rock wall uktimately control redox condaiens in the WIPP
brimtes, Tnthe abuwence olfa soutes of Iree oaygol, redochg conditions are kheely te dominate
proundwraters away from the waste. Feiric iran staining i comman in the Culebrz. Eh valaes in
the brimes are thuy Bkely to be porsed by reactions bobseen etther ferroan dolomite and the Fellly
axyhwhrosides, or pynte and the FGTH oxyhwdroxdes,

In the vicinily ol the waste, iren aed vickel metal and grgaic macter will alsa wend W
deplete any oxyacn introdaced with the waste,. Reduced Fe, § and © inthe waste and the rock
Ahe Whely to vagse cocductivn il only of Pu(y) la PudTY e PulLTD) bul roay adse b b
reduction of TICVTY ko THTV) and NV to NV, I these reductions wake place, then maximum
concomratons of Pu, U aod hp may be mited b the sehblitics of ther gquadmvalon oosdey or
Iydroxides o values ol W molfL orless. W masimum concantrations of Pu and U are so lmieed.
then the adsorption behavier of Wipher oxidation statcs may be wrelevit to performance
ALS4LYSTRTL

in carbonate-rich promsdwarers, the concentradian of Amf 111} 15 lmited by the solubility of
Am(11Ty hydroxy-cerbonate to values bolewr 107 malil between about pH 7.5 and 9 { Lanpmuir,
itad), Too WTPP brines al high pH's in the presemce af Mal w scavenge e carbonate, Am(OTT),
sarluhility 1y limit Am{TIT) concentrations g similarly low concentrations.

Limied solabality data for theve sroetmides in W1PP brines 1¢ available. Howewer, those ol
An{TV) wpesdes 0 partioudar are likely 1o be well el 107 malT. i the presence al Mg(? and in
the sbzence of corbonate. [t would be useful for the B}OC ta evaluate and repont oo the avalablc
sahibility dara for thesc actinides mcasnred o YW 1H*F brincs and in sieilar boncs. The rme
solubilities wl amglay rave earll catiins and aadop aclinides such as THTY) would alsc shed lighy
v the probable behavier of AmeTHp, Pullll) sod Puflv m WP brmses,

Non-Cuolebra Dialemite
The Kd's lor VT adsception by Nanvegian dolamite are within the renge of vahes foo
Ui ¥ 1} adscrption by Culchra Daolomite. This s reasonable.  “That this pare delomite adsorbed

zaore LY E) than sonwe Culebrn Tholomimes that contain other sorbme rnperuls. dogss not strlce me
ag an 1ssye ol Sooen.
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Effect of Oreanic Ligands on Actinide Comglexing and Adsorption

Tt zeems probabite as argued By Vo Tymotn, 1hal orpanee coraplexmy ol actmdey does wet
sipmiticantly inerease their solubilmies ot adsorption behavier in the viciniey of fhe waste. This
reflects the compelition of merv abundant cations such as Ni** , Co® and Mg™ for orsanic Lpands
such gy EDTA, Alsp impartant 1 the fact that actmides such as ThiFY ), PulTy) smd Np(Ty) foim
strany OH commpiescs ot neutral 1o alkaling pTT's so That their free ion comcentratioms are many
orders of magnitude Jower than the free jon concentrations of Ni™', for example. Van Bynum
mads biy calewations igmonny hydrolysis of the gctitide cations, md sl ound less thao % al
ThiTV} complexed with TTATA, the stranpest orpanic complexer. T1he had cormected for Th-OH
complexing, orders of magnmude less Th wonld have been complexed by BIYLA

It would be most convmemg if the actmide complecation reachon calonlabioms were reron,
but inchiding O11 and other inorgante actinide complexing, and varying {mereasing) the smotumt vl
EDTA in the waste within possible ranges, to more ngoeron sly disprove the immportanee of
achimde-orgame complexing nesr [he WIPE whaskle,

Kd™ s Basid on the lmract Columo Uest Besulls

Ay noled earlier, the Pudv) and Amf11T) coumn test results are of dubiers valae for
derermining K, valaes for these actinides. Because of the hagh concentrations of Pu(Y) and
Ame LTy i intake selabions, they okl have Bew presapitated as salids rather than becn adszarbed
in the colynns, T o, thelt goncentrations in the rock caonot be uscd to define K, values, In
order e prove or disprove this cancem, if possible, o 15 rovommendel thal the vare ralerials thal
bave been dotked aut be exatmimed 10 idenlify whether The Piand A are present in adsorbed ar
3-T solid] phuase Mol T is alsa orclear whether the Pu rs adsorbed as PufV') of us a lewer
oxydation state such as Pafly). The smular K, values for Puly) aod ThiT%) foeped 0 balch tests
with CRDA-6 brincs fabout 1P sod 10 ml'g) sugsewt thet (he Po may be adsorbing as Paily).
We were never shown lomagraphic results of the Th{lV) column tests and resultant K values, T0
these testa were o ag ThilV) concentrations below saturation with ThiTy) solids, the rest results
eoukd be need Lo estinale the Ky R PofTV adsarption. Fioally, as noted carlier, o 15 possible that
K, values for the imporand actinides could be abtained in a few monrhs from aveeletated irace
core experiments performed m an uhiracentnfugse.

T hairpes ey comments and sugpestions have been usefill to you.
Yoors truly,

iguuﬂ Lﬁ wﬂmmfw-"

Dhinakt Lapprnir, [hi?
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REPORT ON CHEMICAL RETARDATION DATA FOR CULEBRA A(QJUEFER

Envircnmental Evaluation Group (EEG)
T Wyoming Blvd, NE
Albuguergue, NM

Fram: Mark I. Bmissean

Date: 11 Aungust 1997

1 Dawe rewiewed] thie dooumenls supplied Loy oes belore wodd dJQuring the Dy 30 meeling,

and have considered the presentations and comments provided during the meeting. My
comrnmments and recommendatdons are presented below,

I. Analysis of Qriginal EEG Coneerns

1.

L

Lse of batch K, data: FEG originally expressed concern with the use of K, values
determined from hatch experiments fur the Beld-scale moedeling. The major question
was the representifivencss of batch K values for the ficld scale. It sppearns that at
lesgst some (the more recenf) hateh expoeriments weee conducted ynder well definged
and controlled conditions. The resulls oblained from these experiments may thus
provdide  an agcurate data set for evaluating Lhe "sorptivin™ of the specific
radinnuelides used in the experiments.

However, there remains the basic guestion of whether o nml K, values oblgingd
under static batch conditions are an accurare measure for dynamic field conditions.
1 do not helieve that this questinn has been answered for the Culebra system. To
belp address this issue, [ recommend that additional analyses be made of the column
experiments {to be diseussed io preater detail below}

Use of Ouddajivn Siate Analupy: EF(G cxpressed concern with the use of the

vadubon state anslogy for estimating K, valocs, Ths approach appears to bhave
macrit in some cases {when it is defipibvely conservative ), but appears to have larec
uncertaingy for other cases. It is not clear why harch experiments were not conducted
for the most criteal radionnelides. An opinion was expressed by a2 DOE employes
that the K, valoes for al least some of the unmeasured radivnuelides couwld be
mcasured relatively casily. 1 recommend thuat soch cxperirnents be conducted for us
many ol the critical mwnnyclides as 35 Teasille,

Lise of Uniform Distribution: ELG expressed concern with the nse of an uniform

distribuotion for representing the K, data. The reasoning provided by DOF for the
use of an uniferm distcibotion appears to be valid, As they noted, the experiments
were el designed Lo provide a statistically representative sumple of all possible ficld
conditions. Thus, the vmform distribution sheuld be Ao one to use. 1 recommend
that this approach be aecepted.



4

Draavic Tigands and Facilitated Transport: EEG expressed concern regarding the
potential of organic ligandds to complex the rulionuclides and thereby Facilitate their
transport, Thers were three subeoncarns asaoeiated with this topie--

A) There was concern regarding the varied sources of complesation-caeTicient dal
nged in the priginal DOE analyses. The DOE mentioned new data at the meeding
that may negste this concemn. The DOE puw appear: to have a consistent set of
trgasnred complexation-coefficient data specilic to the Culebra/ WIPP system.

N} There wus concermn rewaoding the amount of CDTA DOE assumed would be
present i the waste, [ agree thal there B greal aocerainly in the gomngenlrabion of
EDTA that may be prescnt in the WIFF systam, and that the value used by DOE
may be teo small.

C) There wus coneern regarding the potenlial for other orgaaic ligands, which wera
nat included in the DOE analysis, to facilitate the transport of radionuclides. I apree
with this concern,

To help resvlve both B and C, 1 recommend that the IKJE conduet a formal
sensilivity analysis of the potential impact of organic ligands oo the agueous
coneentrations of the radioouelides. The conecenteations of the ligongd should be
varied by saveral orders of magnitcde, and the Jull list of ligaonds pravided by CEG
shinold e used. Based on the preliminary analysis presented by DOE personned al
the meeting, it is quite pussible that the rosults from this stody will indicate that
oomplexation by the organce ligands may have manimal ampaer an racdignaclide
behavior, A Tormal sensitivity aoalysis will prosiele greater condidence in the regults,

her Copgerns of EEG: EBG cxpresscd comccrn with the application of the
Naorwegian dolontite study resulls te the Culebra system, and with the use of different
COy vomcentralions 11 the baleh eaperimunts, Afier the meeling, EEG commenited
that these wera ol manor eancert, and T concur,

I, Additinnal Conctarns

1

Fotential Nonlinear Soeption: The data 1 reviewed indicales thal the sarptinn of
many of the radionuclides 15 most likely nonbmear. This is to be expected given the
sorplion rmechanism stated by DOE (exchange reaction), As is wal] known, nonlioear
ROPption can cause retardation tn vary as g funclicn of solule eoncenlration, In
addition, it is possible that the imitial represcntative retardation factor opecalive
during ficld-scale transport may not be the samec a5 that caleulated using the batch
K, data. Thus, hot acesunting for gonfinear sorptivn may under or over predict
retardaiion, depending an the mitial salule concentrafions used in the analyses. It
& not clear if the range of K, values reporied by DOE take intu account the
concentralion dependency af sorption, T reommened that the potontia]l impact of
noalinear sarplioh be addressed.




Use of 3 K, Approach versus g more Complex Appraach: The transport model used

by DOE is hased on the simple K, approach, which is hased on linear, instantanenus
sorphion, [t s clear that the Auld-solwd interactions influencing radiwnuclide transport
at the WIPDP site are more complex, potentially involving inorgenic/orpanic
complexation, precipitationfdissolutinn, ommpelitive sorpion, am)] vacving pH and
innic srength effects. The simpliciy of the K, appreach makes g 1se
understandable. Bowever, some analysis of the potential impacts of more complex
fluid-solid nterachions oo radioouclide transport woold be useful.

spatial ¥Yaoabghty of Sorption: The current modelling analysis is based vn a
hamogensous B, figld. 10 s highfy lkely, however, thal serption is spatially vaciahle
at the site. The potential tmpact of spatially variahie sorption nn radionoclide
transport should be evaluated.

1. Conclusivns and BEecommendations

Severad questions and concerns were addresced satisfactorily at the meetiing,

However, some issues remained unresclved. The majority of these conld potentially be
resohoed with celatively mimmal addinonal efort. Recommendations for additional aetiviles
are as follows:

1.

L

It is recommended that additional analyses ke made of the olumn experiments,
This includes additional analysis of the completed experiments and additional
analysis of the ongoiog experiments. The larter should inveive an attempr to
determine if precipitation is occurring during the enlumn experiments, which zppears
to be o mgor vacertainty influcncing the applicability of the column results. Wonld
it be possible o sample the columa material st the cumpletion of the experiment and
analyze for precipitated forms of the radionyclides?

[ recommend that addifions] bateh experiments be conducted to measured K| values
for the critival radivnuelides, at least Pu™ and Po'™.

I récommend thal » formal seositivity analysis be conducted to examine the potential
bnpact of arganic ligands on (he agusous concesiralions of the mulionuclides. The
concentratings of the ligand shoold he varied by several orders of magnitinde, aud the
full list of hgands previded by EBEG should be used.

If the potenbial impact of nooliccar sorption is not Incorporated in the range of K,
values used by DOLE, | recornmend that the potential impact of nontinear sorption
an radionyclide wansporl be addressed. This could be aecomplished by caleniating
effective K, values [or partiment O valoes, using the nonlinear isotherm data
available. These values coudd then be compared o the existing K, range,

1 recommend that the patential impaet of spatially variable sorption on radionuelide:
transpatt be evaluated. This could he done by eonducting a series of model
simulations using spatial distributions of K s bused on the eanceptual site models,
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Thear Boh,

Ino ttus letter I provide my vicwpoint oo chennicsl relardaton io the Colebm
fulomilke. The opinions caprosscd retlec: my constdemition of the reports and
corresponfones supplicd W me prion to the mectmg, the material presented by EEG and
DR af ooy maceting on July 31, snd rthe ensning discussions that day. [ will net cominent
directl® om Lhe riues concerning the amaunt of EDTA 1o e waste invenlony, e
potential fur BEDFTA o Taclmale trabspont of Bundur, oo the dula poesentesld Ty THOF to
Juadfy their apphcaliog of 1he e idacon stute andlogy.

The Prabahilily Thslrbutivm Gir Kd

Tawecepl the THOE puossitionn thad iL is apprmepricade e adopl a wniluem probabiliny
disteibutiom to re present the uncertainey in the Kd values for the 04 calenlations. The
use 0f a low-oralopme disunbution, as required of DO in the EPA venlicanon leqlx, has e
primary benselil of pluging eoasiderably more weighl on the lewer end of the proposcd
range for Ked, The EPA veribzation test supgests that the conclusions dravwn froma che
OO0 cylvalntions wilh mspest W2 (cuoyspor in the Colobrd #oc not scositive Lo this aacked
chanee in the form of the distribution.

The probabilityr distribecion for Kd can be interpreted i terms of che [kelibecd
thar 4 value sampled from the distribation will conesponrd to an cffoctive Kd value for
0D in the matrix blocks. This value must he applicahble for tanspoit fives erealer
than D0 yoars, amcd sranspon distances of approsimarcly 3 km, 1 ses the altomm to
cuantaly this kcclibood 3% an pesewe related to, but digtinet from, the distnbuton of Kd
valncs abtained in the replicate batch ieses, Tt is not foasible to obeain o set of fizld data,
applicabic al the scale of the transpont prodictions, chat would allow onc oo equite the
distribudon of messurements with an uppropriste sampling distributon 1o the CCA, One
is foreod to adopt 8 more subjoctive vicwpoink in repeesenting the imeertaingy in the Kl
walug, with Ihe conscguenee that the disinbutinn of the data Itoto the batch wsts necd noe
cormespnad by ke distriboution deserifings the Tkelthegaod for the cifeetive Kd valoe, This
approach 1@ the mosl rensosnosble way to accnsunt Tor the spatal vanebibiog o Kd, ond the
inftuenees wl hone lype and pTT eozahilions indde o plese rograting mogh the Colebra.

4540 Makpod Oreva, Rlanmend, Brilish Golrmbis, Seneds  W7E 04
O el (B04] B2 4108 Faxs |:l":'-:|4:l B22 BORE Home: (504} 2T ZFah



The posicion ket by DOE that the sarion experiments (batch, mechanistic, and colwmr
Lesls] sTusuld e wsed 1o deline a range for the Kd parameders, racher o g disteibulion in
poababilily space. 15 redsondabie.

T barves iwend clecisinn rowslely Uhal adupt untlsrm distubulions o chyrslerize e
uncertainty 0 lbe key model pacsmelons (e Bugdl, Smith, Beckic; Environment:d and
Enginecrng Gooscicnes, 194G, W ook this approach becawse we wore foced with o
sparse data bese, and there were confounding nncertainties in future sysiem belwvior, A
uriitorim distriboon s appropeiats when thore s oo soong basis for decidmg 16 one value
in the ranpe 35 mere Nkely than amy oteer. 1608 mg spinion ac this ig the case we fage
when selecting uft effective Bd value for radionuchide transport i the Calebra. This i e
slighily different spinen the ROLE slwemenl thad "he omlorm distobubion e ap e ale
when ali thad is known sbool o prarameter is it range".

In more recent work, I have adpicd runvated sxponcoteal distibuadions o
present uneertainty in motkel peranchons [Smith snd Gaganiy, Bnvironmenigl anc
Enprincering Goosvignee, submittady. Thig laiter mode] lor reprosenting puramcler
likclibood includes the uniform <destnbadon as o special €ase, if the proor cstmate of the
rmcan 18 midway betorceon the specificd lower and wpper bounds of che distribution. There
s sownd bakis in theoy for choosing 4 tremcated exponential disaibution to represont
parameter nneerungy. when the data base is sparse.  Chalitatively, the log-uniform
disteibution is similar wo the tmncated expenencial distribution, when the estimate of the
raedn 15 closer Lo the Jower bonnd than the opper ound.

T meme irputand. issoe K debare, momy apinioe, 5 e vadues that TIOE has
sesl elen] o Lhe lower and opper bounds ol Lthe prohabilily distnbuluog, aml bow thewe
Foumils wre defmed relative W the Gepe of briee osed i the baleh eaperements. T apres
with the approuch luken by DT in chonsing a range Toe K relatove 10 bone oope Lhat will
wve wvomservaiive eslimale of relanlaion, Twus sommeedd botberes] by TS ecistun
to woloet this range based oo the averag: value of the sample disimibodion, Tris possible o
craticize the sampling range for 1Pu¥ in this regard (and by theic extrapolation, the sampling
ranges for Polll and Amil), "The reconwnended range vsed o the CCA calenlations was
20 - 3 anlse, which cctlects valucs from the balch tests using decp brines. Batclh tests for
Pu™ with Cuolebra brines had a higher imean valoe for Kd. hat the lower Dound was smaller
(98 mlfg). Therefore, the sampling disteiboarion in the OCA doss ot encompass all the
measured valves trom the batch tests for a Culeboa brine, ar the fow end of possible
values, A morc conservative sampling distriboton wonld have runged from 10 - 500 milg.
Herererer, because 1 would nor expect the lewest value fbom g se of smaall-seale barch
toaks foegual the lower bound for a single, effcctive Kd value along 8 3 km flow path. the
cunsequence ol their approximation = ol likely w have g signilicant irnpuct on the
rehabilivy of the CCA culcububons. The analoey bere i thal the smallest valoe of Iydraohe
conduclivity measurel 1o a sel ol Slug st 15 nol s reasonable Tower bound on the
eslimate o 0 Jarper-seole efective adraodic conductivity. A simibar aperesimeation did
noL errere n selechng the samphng @nge o THY hecause dali are vnly avalable ter the
dee|r Imine.



‘T'he LMIE dara hase indieatcs LiY9wall be the most mobile radionuclide of concern
in the Culcbrs, The low cod of the sampling range for UYTis 0.03 mlfg, i we ignoce e
ncparive Kd valucs. This lower bound s obtained from the observed hreakthrough ol TV
i The coduoi lests. 10 we accepl The inlerpeely g of Bob TTall thal ihe celumn lesy Dor
TI¥T measures relardnion ted w ihe advective mmisily, then this doraver boend shuoded be o
vomservalive viue for the compliunee culeglutions when i diifusion pluys 8 major
role io retardstion, “Fhe walog front the column test is lower than any of the valoes o the
batch tests (Tables -1 thuowgh T4 of the imsh meno, June 10, 1996), This sampling
rungee tor LY mirodeces the possinility thae the EPA standurd could be violated in an
undctermined number of obzcrvations o the CCA caloolations. it alternate scenarios wore
considored for the releasc of the wrandum invendery from o disposal paocl (e, o Kd Jess
than 1 mle, vsiog the DO benchoark for Polld and Aoy, We do not kunow how wobust
the ©CA calcolations are to a vicelation of the 2ssumptions on the neaniom release to the
Culebra Sevoral factors necd to be considercd. A lower boond for Kd mouve reflective of
tnatrix sofpiion thar the value cbtained in the column cests is not well-defined becanse of
nncertainries o the batch tests (2g. the nepgative valaes), The zero values assipned to the
negalive Bl values Tor the boleh teabs wich the Colebrma bnne did 1ol gel possed o e
A caleulation because of a lower average value of Kd Tor the balch lests using deep
brings, Thas issue may e waorih mamsoing 17 REG has coocems ahoor e seenames assozned
in characten@ang the weloass oof urarmm o the Colobr.

Amn sltcrnats intcrprctarion in adopring the log-uniform distribution is that i
de-cmphasizes dw importancs of the XKd value that defines the uppec boood of the
dismituticn. Giveo the results of the BPA verification rest, 1 ave cotcluded thac the
questions reganding the ralevance of de nechanisne Bd tesrs on poe dolomite frorm
Morway are Dot o sipiiticans issue. These tasts only reake ther way o the 1Tnel sumphng
distiibutions onee, in determraning the upper bownd Tor YT highe pIT conditions.

The Sparse Kl Data Tiase

T chgupreg walh the characlensem made by M MVeFadden im by opening
presentalion Ihat Ko volues vsed in the CCA gre well-Tounded on cxpenmentad data, This
stnply s nol the case, wven (he lack ol experimenial dals for some radicooclides. The
redl s 15 whelbier there is an aleqouie dois base, sand oydenes to support the
application of the oxidation state analogy, 1 wssigning vonsarvaiive bounds for
radionnelides wiere measurement are 1oL available oo baleh or column eaperiments.
While | found the avgwments presented by DIOE 1o be compelling, ey are ol hosed om
cxpocrimental dowa spocific o the Culabeas Tt is still ceasonable we ask if i wonld e mome
cxpodicnt. in @ project of this magnitnde and duraticen. and given the importance w DOER
of & public demonstiation of her commirment 10 2nsoring the safe disposal of mdicective
wastas, 1o complete a <ot of bateh experiments on Pull, ATl and Ful¥Y. DOT could
then avoid the arguments and indirect supporc that roust be licked 1o the exiduliomn 5ot
analogy, 1 understand for iotormal comunents made at owr mieeling that lese expermen|s
cuuld be carricd out withoot prear technical difficulty. My expectation Teom all fhal T have



beard is that thesc tests aculd scove to confinm chat DHOE has used a suitahle wanwe of
valucs in the CC A calculations,

Baicly l'ests

LEC by accepled the viewpoinl thal 1oe balch wsls have relevanee in detcrmining
Kod valocs for the COA valoalanoms, Aticr considerng the goologic sand hdealopic
descriptons in the report by Bob Holt on a coocepteal model for molti-rate transport in
the Culebry, 1 am persnaded the bateh rosts can provide 4 basis for defining Kd valocs that
characrerize matrix sorption. The approach is subject to unccntainty (which should be
balanecd by conscrvitive approximation], aod 1 woold not noccssarily cxpect a onc-to-one
corrcspondenos botacen @ balch tost snd o lonp-tomm onlomoy tose o o core from the same
sample location (and intetprcted with g dual porosicy medel), However, | aoe now of the
opinion that the batch tosts con be nsed to identity the sampling range in the CCA
calculateons. Tlus sampling cangc applics ouly & the mateix porosicy, 1t o mappropriale to
use these hacch tast values o characterize retardation in the fracome svatem {advec ve
prrikily )

Columan Tests

1t is my improssion that Lhe lutest anilvses of the column tests do not move us
rauch twrcher aleng in reducing the nnecrtaicty 1oihe appropriite sampling range of Kd for
ol and Amil The attempt was worthwhite, but we how see there are fimétations in the
cxporimental dosian, because of issucs tied to solobility. 1 aprec thar it it 3 teehnical Iy
frasible. ir would be worthwhile o request that DOE Ly to determine if & miseral phise i3
prescot. thit would continm i the migration distancs cannot b interpeeted soricly i
terms of a Kd estunate. Fis oot appacent to o what elss coold be done wilh the selumn
eXperiments to pain further insight 10 e magnitade of Kd Tor Pl and AmdT

Tann Cleine igs rased the inporiant ivsoe A Qe only el e dala gweanlable
for ThT¥ ¢arul, by T30 exirapelation T ymad Pu™ ) yure Tor the BELA-S bring, His
slutiglacal analvsis soggesis thal the rean Kd's messuncd in FRTA -G bring ane groater than
[he values determined wing the edher 3 boones. 65 myr understanding thar the colomn
el om 1he T core were cormiesd oyt using Cuajebrn brine, The estimated Kd value from
lomeraphic sannlpsis onohe B-ores is reporled to bz opproximatcly 200 ml'z, Althongh
this value 18 lower ther the samphng runge Inam haich wesis thal was nscd inothe C04
calotlations (AR 200000 1ulfe], the valoe 15 sulficienty beyomd -3 milfg (the {00 H
Lrenclienerkl) o s pprest that THTY will moat be of comeem. Whether (his same conclosion
cun be drawn for PulV and TTY depends upom the uoeeplahility of the oxidation stute
arvtlopy inosedling conszrvalive boondime valoes for their sargphng disitburions,

Beyond 10000 Years

In enr discussion after the meating wilh DOL, we considered whether the {70 A
calcularions should e extonded beseond the mavdaged 10 0N s Live Marme. This dopic



1% akin & an issuc of [ull Jisclosure, There has been considersble informed debate on te
regudatory rivne fiarne. and the sdvank:ges £ linitations of Jooking beyord 10,000 years.
My peczonal bias, influsnced by reviewing projects under Conadian cegulations, i3 1o base
siluny decisiicms o a (O year time trame, bul o exdmineg syaem behavior foom a mone
Cualitalive porspeelive vver i looger Hine horizon. Perbaps thers 15 o mole e be plaved
bere by EBG, in soprescating the interests of the State of Mew Mexics. 1t could be
intormative to beek af the probability of radionuclide release dlong the pathway through
the Culebira G lnne Tearmees of 200000 o7 S000E years, wiang the sampling dstnbutiomes
adopited Ly THOE.

Closure

LT s should continue #o press TIOE o refine and vern fy their caleolations and
misleling ussurnprions wsed 1o the CCA, Comments e by Saodia and LANL stalf at
the meehing sngeest That thiy process i pogomg, if intormal. For example, Yano Bynum
described his latost cadenlations an the offects of the amounts of crganic lipands on
rransport, amd we heard that measurcments of the EDTA B for nickel onder ¥ 1PP
comelifinmg beave recently Teen compleed. Tufors Toonpalue the perfimmanee assesyment
showld eonimuoe ws ame und cotpoestiona) Lools beeome avanluble.

Sincere|y,

i S

Leslic Smith



B.7 Walter Gerstles’ Responses 1o Anhvdrite Fractoring Issues
Raised on February 17, 1998



ETTr Teh, 24, [ 908

To:  Lokesh Chalurved:
Environmental Evaluation Group
Alboquergue, Mk
Fax: {505 A28-11e2
Fhone: (n05) 828- HH:

From: Walier Gersile
Trepl. of Civil Enpingsaring
University af Mew Mexico
Albnquergue. KWhI §7131

1 have had a tew davs o dizest Norm Warpinskl's proscmixtion &l por meeling las) wesk. 1 make the

following obsemanpons.,

I Tstimale ol Crack Chpening Thsplacemants in Brogflo hode],

The Bragflo maode] “smears™ cracks in the unhydrite lavers, veinp the porosity modet. Assuring

200,00 12° of pas is stored in these cracks, and assuming o layersd cracks, with radius B=1000 m,

ik is possible to calenlate the averaec crack opening displacement, w. Figure T shivs the siTOation.

W = ¢rack width :.

i lavered
cracks

Figure 1. Crose Scction Along Crack Diameler

The uren, A, of gach crugh 5 A = R = mf KR myr = 3514 = 10F m~.

a. oo 00000t A37om
olere = 1 = g, W - —w

rad n{i.]#x‘l-ﬂ"mi}_ r

%o the averzge erack opening displacement 15 6.37 cm divided by the number of layered cracke.



The fullowing table shonws the aversge crack width for vamous numbers ol cracks.

o W, ¢
| G637
z 1.27
110 0. 6
A0 03z

8o the consequence of the Bragflo porosity mode] is many cracks with wide opeoimgs, However,
anhydrte is relatively {ine prained, and certaindy canmot transmit stresses across crack openings af
lurger than approximately (.001 om. Consequentls, it is reasonabde to zesume that all Eut one of the
cracks would clese up, b that single crack would extend in madios, as kath fhe (ferstic and

Etedehoeft 1907 and the Geertsima and Diekletk 1969 models assume.

1L Cieefisrna ang Dekletk 1969 “Industny™ Wodsl

Warpinek] made melereace g the Geeraing and Deklerk 1969 inodel at being bath an indostry
siundurd moude] and &% being more consistent wilh the Drp!lo moede] thar wath the [T madel.
In fact, the Geerisma and Deklerk model 15 an LEFM mode], with frachuere louphness assumed ws be
negligible, anc 1t predicts even longer erack radin than the Geritie and Eredebocft 15997 mode:,
contrary to Warpinzki’z asscrtions, 1 agree with Warpinski that the Geonsma and Deklerk: modc] 1%

basically reasonabie. in thal it assumes a single. localized. discrele crack.

A guote Fram Geertsrna and Dieklerk 1962 Olustrmates the fundamental differencs betvweeen this modet
and the Bragflo model: “it is {found that p, {pressure al the well bore) decreases with increasing
fractiee lenpth and approaches 5 {overburden stress) for largs values of L (erack length). Such
preszure Lehavior is in agreernent with reporied field observanons.™ 1t 15 noted that the Cerstle and
Bredchoeft 1997 model also domonstrates thiz pressore behevier, while the Bragfle model
demanseraies the opposite areeswre - crack leupth behavior. The desressing pressure vs increasing
crack length behivior also i ndicative of a single. localized bydrofracture, which is in conteast with
Drapile’s assumplion of widely dispersed cracks forming simoltancous!y in multiple anhydrite

[y ers.



YWarpinsk in his prescoration prodicied A cegck radius of Bo= 3660 m using Goortsma and Dieklerk ™=

farmula:
B 4 Ty
g - 12y {2y
moE
Where R = fracuure radins
{y = rae of flow into hiydrofracmure
[ = 1ie

C = [rugturing flvid coefficiem, © = wiar
Ll =rate of filtratioa Joss per wut of exposcd surtace of 1he fracmre.

I de rd Lnow wli nombers Warpireki wsed, hul T sed the feblawing numbers aud arrived at a

twch larper predicted rmdios, B

4§00 m-

wow —e oo 27kl

2 R (TE O (1 D00 m3-yr.

=B = 1260005 o TG = g T

-y m -
g = ZRBEOMT S
1000 pr

1 | ot prPiLuate P

it {_4}:-10-5 mim :_'n-'l..'r:’jl_:

e B G m.

Crbviously, there 1s room for debate upon precisely whet valoes ol ©, € argd | are reasonable, o
Sandia has not performed any calewlations psing the Creermma snd Deklerk model or amy other
standard hvdrofractare model. Thiz sheuld be done.



). Warpingk's clajm, thar Gergle and Bredehoafl maded i= \pcoprect,

Wurpinska claimed thet Gerstle 208 Bredetoef™s 19T model 15 inearreet hecuuse o contained ho
explicl Now eguation and no leakedd cguation. In fact. calcwlulions in (Gersde, Mendenhall, amd
Waweozlk 19961 show that leakoff 1= nzplipible - and therefore dogs not need to be expliciily
included in the LEFM musdel. Warpineki wlso claimed thal oar model winid reqoire Tow totes of

(=185 » I mfyr, wing twe eyuation

mow AP

b In [A:ir]

In Tacl. use of this cquation 15 inappropriate because we a=ssumed iccntical pressorc (AF=0)
evervwhere within the erack. and thus flew Q would be negligible, Our LEFM mode]l neithor

sEENICE 1L0F requires high flow rates.

IV, Conclasinme
It s esmential {or toe WIFE facility that & credible zas-driven herdrofracture modst be used. ! brlicvs
that the {Gerstle and Bredahoeft 1997) mnodal ts escermially cotrect despite Warpinski’s abservations

abowt v, Warpinski's cofrrnents appear 1o e spuriowes.

I waruld supgesl that Sandiy present calou|ations of vdrofracture extent asing Geertsmn and Dicklerk
1969 mede], felly docomenting sl inpuots @ the model, T believe they wq]] arrive at concluzions

similar 1o those | have presenisd.



8.8 Ncill to Kruger letter dated 8/11/97 with attachment,
“EEG comments op CCA Chapter 3"
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EEG REVIEW OF WIPP/CCA (DOE/CAQ-19%6-2184)
CHAPTER 5 (QUALITY ASSURANCE;

The LHOE's Carlsbad Area Office (C ALY has successfully focused on developiog a quality
assuranee {4 ) program which impletnents the Nuclear Qualiby Assuzance (INOA) standards
teguired by 40 CFR 194 over the last fow years. Chaprer 5, Qualily Assuracce (QA), it the
DOE's Compliance Certificatton Apphication (CCA), ts. hoewover, of lesser guality than the OA
program it attempts o describe, The chapter fals fo show compiiznce with mest ol the
requirements of 40 CFR 194,22, Quality Assurance, and igmores most of the expectarions for
A published in TPA 402-R-95-014, Compliance Applicatton Cuidance far 40 CFR 194 (the
CAL)

I a chapter which should provide specilic responses to clearly d=linealed requirements and
expectalions Chapter § olfers a diffuse scattering af relevant information, provides peneralized
infonnation without cxamples or delails, wad refercnees other documents which are no mare
specific (and wore not intended 1o adidress the QA equirements for the CCAY. The chapter
conlains whal seems 1o be extraneois infonmation (some af whieh is found elsewhers in the
OAY, glorses over past (A problems rather than explaining how they wers resobved, angd fals
ta inclode information exphcitly reguired by 40 CFR 184,22, 1n many ¢ases the CAO QA
program and process has adeguately coversd the area, yet the chapter faila to Tulfll the
rezpunaibality of describing how it was done.

Parts of Chapter 5 are also mislcadng. For cxample, "the CAG QAPTY 13 referenced througheout
much of the chapter and (= imtially idantibed as sappeanne io COA Appendie QAPD, The
vergion ih the Appendix GAPD is Rewision 1, dated Aprel 22, 1550, though it was not offeialily
ifransmitted to, or required te be ymplemented by, subsidiany arganizabions untl after June 13,

| 996-—when sssenbially all QA-telated activities for the CC A had adready bBeen coonpleled,
Reyisinn 133 a substantial remrite of Revicion U, among other things catabiishing the CAQ
QAFPD 35 a roquitements documenl for all £AQ subsidiary programs for the st fEme, and
addimg elemen s o WA standaeds previously nod ineludsf. To stale that

The TWBIE waz prepared n complignee with the CAQ QAPD. .,

(p. -3y implies that the data from the TWBLR used in the CCA {frst published m December
19495) was prepared according to the requicerments in Revesion b Tt wasno't, and the distinction
should have bean clearly made. Similar staterents are fonnd elsewhere Chaprat 5:

The WAC was wntten and reviewed in campliance with the CACHJAPD Tp. 5-
11_The TRU QAPE was wnitten and reviewsd in compliancs with the CAC
QAP requirements [p. 3-4],, NTXA soflwares 15 conirolled in accordance vath the
regquitemeenls of the CAC QAPD [p. 5-9]...

Yoroions of the WAC apd TRIT QAPP current at The ime the CCA wys syboyitred were writen
under Revision 0; the NDA (Non-Destructive Assay) sothware is, of course, cimently eantrlied
under Revigion 1, ot any NDA dats nsed 0 the CCA woeld cbearly prodate fe issuance of
Brevigiom 1.
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The chapler cottaing an important misinterpretation ol the ietent of 46 CFR 194, 2Mal 2). This
paragraph requires the compliance application to demcnstrate that 2 QA program adhering b the
989 edition of the Muclear Cuality Assuraneo (NOA) standardz has been established and
executcd for eghl specifc atess congidered by the EFA Lo be entical to the compliance
applicetion. Tn Chapter 5, this is inlempreted (p. 5-3, line 28) aa:

4} CCFE. Part 194 stipulztes that the DOE apply O4A controls to cight arcas.

der this sntespretation Chapter 5 fails o cleatly demonsmate that e regquirements af the NOA
standards have been axecuted for awy of the elght areas, though diccuszions under specific
headingz for cach of the sighl areas imomsdiate]y follows. In some of (hese discassions virmally
na QA infarmation is supplied al all.

The EEG, in 8 preliminsry commentary (Neill-lo-Daals Tavter datesd July 22, 1996; 5o
Albachmenl Tpon what now sl be congiderad a drafl af the final Chapear 3, peanted aut zeveral
clearly emroneols staremants in tha text. Most of these hove bean removed Bom s October
versiow, but the chapter still includes 2 cumous concept Lhat since the EPA had reviewed site
selechion and sike characleriration {14 programs dunng examanation of the 1922 No-Migmaticn
Varance Petition (NMYP), the QA for site selection and chatactenization is conaidersd
safisfactory by the DOE (p. 3-8). The EEG's cotment pointed out that the arpument was
untenable, in that (among other reasons} compliance with NOA standards was nat a part af the
1989 KMYE. The DOE response (enclosurc ro nndated [dals-to-Meif] letter received August 2,
1994, see Attachment 71, enelosure po 4) staled hat the DOE ayreed with the comment, and "We
have updated this portion of Chapter 7. The updating is not apparent--the aroument is still the

sz, and still an obvious omor {sce linc-by-hne roview of p. -6, lincs 513 for mors
discwssian}.

Thz EEG's July 199 letier voncerning Chapler 3 (sec Alachment 1) rccommended that the DOE
rewrite the chapter toomeed the pubhzhed FPA requairetmans il expeclations for Q4. The OB
has not substartially rewritten the docwment (thouph material was added and removed), and this
final CCA Chapter 5 and asecciated matenials arguably faals to demonstrate fulfillment of the
requiremenks 40 CFR, 194 22, Queglity Asgurance,

Ths following sections consist of 1 a comparison of Chapter 5 o the CAG expectations; 21 a
catnpangan of Chapler (g the requirernents fr QA i 40 CFR 194.223; angd 31 3 line-by-hine
revicw of the document,

OUTOBER "6 CCA CHAPTER 5 10QA) AN THE CAYLG

The DOE hos previously (sea Attachimeant 1L lettet p. 2, and enclosure p. 7hinformed the EELG that,
45 a gudance document, the Compliance Application Guidance (CAC expectations need not
necersan |y be included m lhe CC A However, the CCA begins with the: stutemcnt Lhat;

‘I'his application bas been doveloped to be fully respansive to the requirements of 40
CEFR Pam 121, the criteria o 40 CFR Part 194, and the goidanes i the Compliegnse
Application Guidones for 40 CFR Parr 724, BPA 402-R-93-014, [p. EXEC-1;

ELG Besicw ol CCA Ch. 304, p. 2 nE 37



cmphasia in the onpinal]

Chapter 515 not (Llly cesponsive to the CAG expectations. The chapter seems to address the CAG
requitermnents for QA only occasionally, and by accident, rather than dezipn. Below are listed some
af the CAG expectations for §194.22, CQuality Assuranse, and the results of EEGs attompts to tind
lhe data in Chapter 5. This t6 not an exbaustive list, a5 il 13 intendzd only 4o show that the CAG
expectations for (A wers not sddressed by the DOE,

CAG & 1% 22(a)f1) Expactations (p. 18 of CAG):

L.

!_'\..'l

D fap vier D4 docureents wilf e ielitded in the OCA

The DOE mncluded ondy the CAQ QAPT. The TRU Waste Characterizabion Quality Assurance
Proyram Plan, Bevision 0 (QAPP;, CADG4- 1010 wauld also seem to be a DOE lop-ter
docwnent, and rowch af it would cuhance the DOEs claim to baving implemented a QA
proeram in accordance with the MOQA stalutes. The TRU-Wasle Charactenzaiion QAPE
{[ection 1.0, p. 1.17 doex conlzin an impoctant starement that the CAD QGAPD Revision 1
lacks:

Thia QAPP addresacs all al the basic requirements, and therr supplements, of
ASME NDA-I.

Sechion 1.9.3, Computer Hardware and Saftware, of the Waste Characterization CAPP also
gupplies a clear statement requiring the use of the successor document to the 1989 NOA-2
Subpart 2.7, "Quality Asserance Feguirements of Computer Software for Muclear Facility
Applications", whuch vwould secm to address the specifcabions for sofware (4 a3 requirad
hy 40 CFR 194.22{z)(1). The CAQ QAPD Revision 1 contains bo comparable direel statement
ol compliance with the requirernents found o §1%4 22(a)(1 J--that i3, adberence to a (A
proeran which moplemacnts the requiremsnts of MOA-1, WQA-2 Pad 2.7, and NOQA-3

War, in fact, does Chapter 5 cantain a direcr statement of compliance to the requiracents af
NQA-1, NOA-2Z Part 2.7, or NOA-3,

DO principel coneactar fop der QA docementy, and @ Ut of all ron-principaf confracror or
slcontracior iop Her QA documrends wifl be inchuaded in the CCA

SMNE QA wp-tior docurments were ool ineluded, nor sny Lisling of QA documoents for non-
frrincipal contractars of subcoentractors far WD or SNL.

CAG §194.220:)(%) expociarions ure ht for cach of & de fned critival arews, the CCA will {among
ity other axpeclations )

1.

Feavide a fist of guality affectng acthalies and flems fmporiaet ta o demorsiragion af
oo,

Lists seem to be incomplete. For instance, the bulk of ficld measirements of peological faciars

FOG Bciew o CCATh 3 QA, p. Il 3T



were performed by SML, vet SNL aclivities are described as "None” in the section concaming
measurement of geological factarg {5.1.3; p. 5-6, line 26}, Ehher examples: Section 5.1.1
tdeniti fies the WIPPF Waste Information System (WWIS; p. 5-4, lines 2-3) and the Performance
Demonstration Mrogram PRP (p. 5.4, lines 22-23) as clements of the waste charackerization
svstc, but doesnt show them as acrivity for any of the crgaruzations involved Sectlien 5.1.2
docsn't include a discussion of QA on the current WL envitonmental monitoring procran;
Section 513 doesn't imention QA of the cumrent WTE meteoralogical moniloning progrant, or
pasgt SML metecrological programs. These twi sactions have "environmenral roonileriog'” and
"mgtaorolagical™ in their Litles,

2. Descrite the selection of applicobfe NOA reguiremenis far each of the areas.
Mo descniplions are includel,

3. Prowvide dotes of OA implementation corforming to NOA Jor each iterm oF aetivity, amd He
marure and focation af obfeofive svidence which supporty thiz dafermination.

Mo tales are provided.

CAG £194 22(b) expeciation (other expertations were also nod met, thongh some were mel in part).

1. Provide the OED povarming documaents tha! include procedyres end management plos for
trdependant review, peer reviaw ..

{JED povcriing doguments were not included in the CCA (CADMP 10.5, SNL QAP 20-13.

ODCTOBER '8 CCA CHAPTER 5{Q4) AND §194.22 REQUIREMENTS

SUBL22(al L} Bequurerment: As foof o pracicable afier April ¥, 1996, the DO vl adhere o
o rOgrem that inplermanis e requircmenss of e MO siondards,

The CAC QAPD RBevision 1 (in CCA Appendix QQAPD) does not require fiull
mplementation of &34 standards for all activities, but only for those listed in

g 194.20ay02), other radioactive mawenats handling, and processes related to fransportation
zomatainers. This is estahlished in the CACH QAFD in secden 1.1-2.3, Applicability of
QJAPD Requirements, where the difference helween gemerl requiremanta and additional
roguirernents is introduced, and subsections A through J list the arcas that [all under lhe
adiditional requirennents. The sdditional reguirements generally ssem to be those whiclh are
found in the NCQA standards, but not in DOE Order 3700.6C, the DOE's indernal Q4
roquiroments document (which follows 10 CER 830, 1200, For compliance with 40 CFR

f o 220u)( 1), the NOQA stanlends may need 1o be ibe prmary cnlena.

There 12 na indication m 4194, 220a W1, or anywhers clse in the cntera, that soune WTEPP
activities can be granled a vanance fromw the requirsments of lhe NOA slandands,
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§104. 220a W2 Requirentent: The compliance applicalion will demonsirate that the O 4 propram
dulbering to the ."'\"Q.«'I standards hos bean esiablished and ﬂ.t&ufecffdr the fallgwing ectvitics:
wiste (t) chardcterization activities and assumpions; (i) enviraementad monttaring, monitoning
of the disposal system performance, and sempling ard analysis activities; (i) field
imearirammys af geclogie factors, grourd waler, metenralogie, and fopographic charactevisiics
frwl comptations, camputer codes, models and methods wed 1o dermaonsiraie compliance; (v
erperi elleilution precedures kesed o sugport complighee; (o) desipn of the disposal mypstem and
aelions faken to ensure compliance with design specificarions; (Vi) coflection of daia isesf 1o
Suppoet (e complionee applicgrion,; (Vi) ather sysfems siructures, components, qnd aorbwtics
ERACILENTE e peanertamenl of wosle .

The requiremecnt 13 misinterpreted m Chapter 5 3z "40 OFR 194 stipulates that the DOE
apply A controls to eaght areas™ (p. 5-3, line 28). The miginterpretation 1s esscptially an
echo af page 5-2, lings £ and 7. This statement 18 far froom pregeniting evidence that the
nropram has besn established and executed. Demonstratton of execution woald
aresunably be by citing independent assessments (audits and survcillances) for the
differcnt arcas.

‘Ihe chaptor docs provide sepammie sechions for fach of the cixht achvitics, bot
demansiralion of eslablishment and execition of adherenee to the NOA stand
requirements is weak or nonexistent in thesc seetions and references fiom these sections
{ace linc-by-linc revicw below),

8194 22(b} Requirsment: The complinnes application shall inclede Informeiion wheek
demonsiraltes they dota collected prior to establishment of adherence io the NOA srandards has
hren qualified Ay a methodolngy approved by the P4

Chaprer 5 offers no demonsiration of EFA approval of any of the methods vsed. ‘While the
CECr omderatands that the BEPA has nat provided appraval/disepproval to the OE for the
varions mothods the DIOE has atilized, §194.22{b} elearly requires information
demonsiming spproval to be 1o the CCA, The ©CA should at least contain a statement
concerming qualification of the msthodolagy by the FPA.

8194 22ch Requirement:, The complignes application shall provide, to the extent practicabie,
Infermmation which describes how data i support of e application kave been eSsessed for dale
gualine characterivdics, mefuding precision, eocuracy, represerhIiveness, commierenass, and
eorparabilin: FEARC),

The application provides an argwment that it (s not practicable to apply the FARCC
characleristaes 1o "mast sciatihic inVesneannng wssd o suppom performance ASRCESIeNnt in
which there is uncertanty in conceptual models and the resubtant ranges of param ekers"
(section 5.21.1, hnes 40-423. The charactenshics arc not provided as required. While i
muy be that evaluation of thase characrenzlica did nat kel e place ol the sanpling level,
ser1e assessmicnt showld have boon made to establish how much uncerainly in models and
parameters wonld be nal only practicable, but necessary, Boote also that apparently some of
the scicntific investigations are not covered by the arqument. ad infrration which

LI Perciew of CCA T So00A, po S af 27



describes how PARCC was assessed for theac, at least, should have been incloded. Tor
cxampls, the argument states specafizally that the PARCC requiretnents would apply to
wasle characterization and eavironmental monitonmnyg aclivilies, yet provides no
information as o how data from these areas were assesced for PARCC.

2124.230d ) Requirement: The applfication shall provide informaiionr which demosstrates how all
dutis are gualyfied for wee im the demoustration of compliance.

Section 5.4.2.1 of the CCA docs provide 3 desenption of the prowrams for qualifving dara.
LINE-BY-LINE REVIEW OF CHAFPTER §
Introductory, Material

Page 5-1, Lines 17-18: . _ser Table [-5 in Chapter 1.0 for o L of appendicey that pronide
eddiilonal formation supparting his chaper...

Tahle 1-5 154 anly Appendices QAPP and AT, bul ather appendices ars referenced in
Chapter 5 {BION, p. 5-5 line 38, EMP, p. 5-6 line 20); SEATL, p. 5-12 line 24)

Thesge addilignal appendires showld have been ecTuded in Table 1-5.

Faye 5-1, Lines 29-31: A comprehensive serier of assessmenss has derermined that the DOE,
AN, ard BT Q4 programs are edegante cnd effectively implenrenfed

The overall CAQ assesyment of ML QA (May 1994) and WILFOA (June 1997) previous
1o the publishing of the CCA found the SNL progmm o he frarnna both for adequacy and
implomentation, and the WID program marginally effective {see CCA p. 5-39, lines 6-13
for defimbions of these tetmz.). It is the later cesolution of issues raiscd dwering the
assessment by which the CAQ deleconned SN, wnd WID QA Lo be anleguaie and
effcctively implemented (sec Section 5.4.2, p. 545 {7, and section 5.4 2, lines 24-29). The
text af iz pertion af Chapter 5 should reflect that the resolution of concerns raised by the
assassments wets pertortied befote the SNL and WTD 04 programs was determenad to be
adequate and effectively implemented

5 1. Anplicabail

Fage 5-2, [Ane 6: These N0 requirements fovm e buyie of the CACHGAPT,

Revision | of the CAD QAPD may incotporate the requirements in the NQA standards, bt
they are split betwesn general requirements (for all activities) and addittonal requitements
{applicd to astivitics in which radionctive matenials, shipping packages, or the eight
compliance aclivities specified by $194 20 a2 are inved ved).  This division vdicaras that
COE Oider 53700.6C is the basiz of the CTAD QAPD 1ather than (he MO, reyujremenls, as
DOE Omsler 5TA04C 15 coversd by the penerml requirements, and the additional
requiterments are those NOQA requirements nat covertad in the THIE Crder.
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There 1z no yanance granted in §124.22(a) 1} for activines in the QA program, and Chapter
5 presents no evidence of any agreement ot such & vanance. The intent of the regulation
sy 1oy e that the WTPP will adhers to NOQA standards for at lesst all disposal-related
aclivities, and arguasly Yor the entive DA program.

This statement 15, howewer, a5 close as Chapler § gots bo 5 cloar statement of compliancs
witn §194. 22{aW 1), wheh requires that vhe NOT

...8hall adlvere v a gaality assurancs program that implements the
tecpuivements af [the WA sLandardes].

Page 5-2, Lines &-F: dddliianelly, 40 COFR § F0.27 requires that D4 programs be applicd to
the following eigh) itents or acividies: ...

3154 20a)(2) does nat require the application of OA programs to die areas deseribel in its
gight spbparagraphs. The requirement is for the comphiance applicatien: the CCA most
demonstrate that the requiremcnts of the NOA standards hasve been zpplicd for aach of the
cieht subparagraphs, The regulation s

Any complianee application shall nelude informeation which demonstraras
that Lhe qualily assurance proprarn réguies] puraeand 4 paragrapk (a)(1) of
this section has reen esablished and executed for Jthe eipht activities].

Demonstration of exccution of the reguiremeants of the NOA standards would presurnably
be by descabing QA assessments which confiem adhetence to the WA standurds for each

afl the araas,

The diMerence m approach By cthe reguitement s ceitival. Chapler 5 desenbes The sonerel
A program which includes the eight critical area specifizd by 394 22[a)2), but is
metfeelive i demanstratmg that the QA prowram has becn established and cxecuted for
each of thetn.

Thaa mignietpretaion of Lhe regulalory reguiretnent 15 tepealed on page 5-3, [oc 28 (sce
belaw). The chapter should address the cequirements as stated.

Fage 5-2, lines 33-39; The CAQ CHPDY expphlisher hoo primary cqlfeportel of Foquiyeen enes,
telertified a8 gpeneral reguiiremenis and additional vequivements, The sections of the CACHJAPT
that do mot ideniify specific appliceiions gre penera] »oquirements that aoply to qll Tams,
activitier, und processes urder e copnizance af the DR The requirements of the C40 QAP
sectians idemtificd ar addittonal Foquirements apply fo the cight Key areas ideatified above.

See conunent [or pape 5=-2, line 0. These staternents imply thar Die N0OA stendarda i ke
CACOAPTY Eey. 1 zddiitonal reguiremenis arc ro be apphod only to the eight key arsas,
amikeng the radicactive materials handhine atd WNRELC packagpng included 1o Revizion 1 of
the CAC CrabDy (sections 1.1.2.5.4 and 1.1.2.3.3; pp. 1-10 aeed 1411,
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Page 5-%, line 41, to pege 53, line B dddyicmally the wre of o prraded anproech supporis the
proper implemeniption of U4 program reguirements, ..

The discussion of the praded approach ofters no tie of the graded approach to the
compliance applicaton requirements. A staternent that N{XA-1 does allow the graded
approach (with reference) would seem appropriate. and perhaps necessany.

S0 CFR 124 .22{a)1 ) spee heally exclules those parliana af NOA-T (which sddresscs (A
for site churaclenization data collection activities), that refer to e graded approach
Having raised the "graded approach'” izsec, Chapter 3 should provide evidence (even a
single starcrent) that the cite ehararterisahion dara was not collecied or progesas] using 2

praded approach 10 A

Page 5-3, ines 11-14: The CAD 4P reguirements ave further supported and amplified by the
naxt ey of CA pragram docements which include the DOR TRTT Buste Characlerization Cuality
Assurpner Progras Plee (TR QA PF, the 56T fmplementiny Procederes, amd the BT Oualin
Asxorunes Proghemt Descriprion.

The first CAG sxpectation (p. 18Y s Lhag the DOE top tier QA documents be ineluded in the
applicalion; the second is that the lop ter GA documents of principle contmgiors 2lzo be
included in the application, Thiz first mention of dese documents shouwld alza state where
tey can b found, CCA Appendix QAYP conrdins the CAOQ QAFD Rev, 1 and the WD
OAFPD Bev, 16, bul the TR GAFPE, SWL'z procedures, and (AP)Fs fum the gencralor
gites are nol included

It is important to note that the CAQ QAPD FEevision 1 becanie the solc "op tier™ DOE (A
docrmoent afler June 1Y, 1996 (lhe CADQ mansmittal letter dated Junc 13, 1996 roquires it to
be implemented within 603 days afler raceipt). There was oo requisite condition previouwsly
that progras other than the CAQ isclf adhere to the CAQ QAFD, Revision 0 statss Lat
the QA programs of WTPF parlicipunts are expecled to be gunled” by lbe CAO QAPD
oaly (p. E-13, and the DOE has informed the ERC that ghidance docurnenls rieed nol he
tollowed {Meill-to-Dials letier recenvad Anmst 9. 1996,

Revimion [} alae did not place st emphasiz on the NOA slandards as requirenrents for WIPT
DA programs, instead statimg that (p. 1-1:

WIPP participants develop, inplement, maintain, and dacumment theis
quality assurance prgrams either in aceordance with 1338 Order
AT00.5C or 10 CFR Par B30,
Page 5-3, line 28: 40 CFR Parr | stimeddates that the DOE apply 04 contreds to clghi aroas.
The reguiremeri (5194 720X 2 i3 that the compliance application domonsoste that a OA

provgram adbering wa the BGEA standyrds bus besn eslablished sod executed for the cight
arzas {se= comment tor paze 5-2, lines 7).
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Section 5.1.1, Waste Cheracterization Actvities and Assompticns

Brpe %3 lines M-39: The Fronsuraric Waste Baseline faventory Repart (TWIOIR) fzee
Appendix BIRY iv the imventary source deciement o provided the waste data ured in the
porformanee arressment grd iy presented i tehular forme in Chapter 4.0,

Chaprler & s Lled "Quality Assurance”, but 1s reticeskly incomplete in discussing QA for
the TWHIR.

The TWRIR has been publishad separately as Revigion 0 (June 1994, Revision 1
fFebroary 1%23), and Revision 2 {December (Y493), and some of fhe radionnelide data
varies widely berpeen the differcon versions. COA Appendix BIR data iz from Revision 2.
with additional matenal requested by the P A afler Revision 2 was publisked {inctoded in
TWHIR Revision 3, according ta the Exacuativa Sommary).

I~onc of the data o any of ke TWBIR versions sesms 1o bave been gathersd ander the
MOA standamds as reqoived by G4 2 20a) 2K Bources of sformation included
sxtrapoletions from, among other sourees, safety documentation and interviews with
workers (TWEBIR 2 p. 1-2}; DOE/CADD3-1121% EEG-G, Revigw of the WIPT Draft
Application To Shaw Complianes with ERA Transuranic Wasis Disporal Standads (BEEG,
March, 1536) on page 4-3 quotes a 19%5 ORNL repon that "TRU waste streams at CRMNL
are nol &2 yet folly characterized., waste sludge... physical davz such as particle size,
hardmess, viscosiny and parhcle disinbulicn sre unknown'™.

Thebualk of the source dala may be maote reliable, ‘ol is based primarily on acceptable
knowledpe (TWBIR 2, p. 1-20), which iz in tum predominantly process knowledpe. Uss of
pro<css kmowlodge to gquantifr componesnts i waste, which 19 how the TWBIE data 1 used
m the CCA s reguoresd by 5194 240¢ W3} o conform Lo the WA slanderds, also. Thers 1s
ne evidesce in the CCA that any of the process knowledge activities wers cobducted wader
the requirements of the NOA standsrds,

The Waste Characterization Analysis Peer Review Report {p. 4-3} mentions both eost and
time restrainis as jushification for the lack of QA oo the TWBIR. The MOA standards
conten 0 varmees for coat and time conziderations,

FPape 53, lines 36-38. The THEIR war proparad v complianee with the CAOQ QAP and ties
aciwny wak ckdifed by the DOE QA Progrom on Seplember 5 and &, 1973

Chapter & 1= offerite incomplewe snd vmisleaing data here. Mot thal the duta {laken from
Fovigion 2 ueed for the OO waz published months ptter the single assesament {a
survenllance by ome auditor, not an awbit) cited, and (1A of the mbditiona! dala requested by
the EPA {in 1936) included in CCA TWRIR was cerlainly nol aszassed duringe (he
survoillanee. The sureeillance issucd one sipndficant finding, which escentially etaccd that
Lhere woms rup spa]ys1s o by volleclion plan to asscss the TWERIR agains, as is required by
the NOA standands.
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The implication i= that the waste charagterization data used n the CCA Rhas not und crgonc
sufficient QA assessmenl. Given that both §1%4, 2202002 and §194.24cK 3} required a
demonsiralion in the CCA tat QA bas been performed on the TWEBIR data, it would secm
that & [}A assessenenl should have been conducted of the TWRIE. data uzed in the CCA.

Page 5-3, tines 3B-39: Cuality assurance of the use of these wasle data (e SNL) far
Beranmunee desessment 5 oddrersed in Sections 5.0 4 and 5. 1.7,

The referenced sectiens are brief generalized starements which include oo specific
digeaszion nf waste characterization data from the TWBIR. The data io section 5.1.4 s, in
fact, misleading when apphied 1o TWEIR, data--1t docs contain a brel patagraph on the usze
of WNDA (non-destruchve assay) A, which mn pact states thal:

WD A eoftwvar: is controlled i accordance with the roquirsments af the
CAD QAFD,

WOA soflware used by pather data in the TWEIR, Revision 2. was not controlled by the
requiretaents ot the CAD QAPL (sce garlrer discussion),

Page 5-3, line 41 - page 5-4, lne 12 The Waste Aoceptance Criteria {VAC) serve as the
primary directive for ensuring that onlp woste tho! con e iransported, fandied, and disposad of
i the WIPFP are shipped and or enmening il these wasder agre cerliffed] by te yenerator ond
storage sttev.. The TRIF (AP describes the QA wnd guelity conirod vequiremenls for
choraclerization. ..

The reguirement from 519422y 2) 15 for & demansiranon thal o QA propram n
confortance with the NOA standards has oot orly been established, but also execured for
waste charasterization achvities. Presumably, demonstration of execution would be
aeeompHshed by ciling QA aysessment reports on the gererlur siles. The EEG (5 anaware
o aty demanstration that compliance with the WAC criteda bas been officially met Tor any
WAste Contdlner, so it scems unlikely thae the NOA requircments can be sand to hava been
"exoouned ",

1t may be argacd that establishing the QA of the WAC the TRITQAPD, and site QAP)Ps
and procedures as docuroents shows that the WOA standerds have been " cxecuted", One
pauntet 1o Wiy argiment is proveded on page 49 of TBEG-G1 {cined above]: 58% ofa

WA C-certified population of B0 drums ar INEL were raiscortificd according to a 1993 DOE
reparl (DOEWIPE 93-062).

The THOE now has a stngt program for certification of generator sites before waste
charactenzolion can take place. Infermnalion oo o demonsteation of a fuli execolion of the
tevquircments of the MO standards at the generator sites, iocluding the cartification andics,
shuild have heen prorvided inthe CC A,

Page 54 line 14-16: The OOF veeiffos proprons implamentation @ particibaling sies theodh
it it and getesyivends o easeire Mot BIPE warle chavactérization aetvitiar camplp with
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applicahie JAPIPr and srandard aperaimg procedueres.

The Eirst three sites to ship oraste to WIPP will be INEEL, Pocky Flats, and LANL, The
three CAD formal asscsaments of wastc characrenizanon QA at these sites previous to CCA
putlication found that at INEEL (Augnst 1995; INEL et the tme), that ANL-W QA was
inadequais; at Rocky Flats (Seplember 105}, 1Kal he program wws marginal; 4l LANL
(AnEost 1996, that solbwars A had only just begun, LANL wasts chasactarizanon has
nol yel been formally andited by CAQ w the NCRA standards, though several surveillance-
lype tetivities have taken place, None of these would qualify as a demonsirarion that a QA
progzram adhering W the requerernenta of the MLA standards had been established and
executed for waste characlerization activiliss and assurmplions.

Tage 5-F Llnes 25-42: The following idemtifics the applicable qualin-affecting activities, (24
documenrs, and exampies of subcontractors for the principnd participands. PXOF Aeciviiies:
G DEE O Documenty:

The list of decuments does not include come that would secmn to be applicable, For
instance, doecumcrtation nsed i desten of the TWEIR: (which showld have addressed OaA),
lhe TR Waste Charmerization QAFP, the WWTS Software Cuality Assurance Plan, and
Parformanca Demmonstration Progream docurnentation should be listed, as these activities are
all mentioncd m the preceding text.

The "examples of subcontractors for the prineipal participanis™ does not inciude the
subzonttactor that assembled the TWEBIR,, which 15 the principal waste charactenzation
activity That had taken place ol the ime the COA was published.

Page 5-5 Lines 3-25: Gencraior Sire Activities: 1. Characterize TR waste. Gencrator Srée (4
Pocuments: The folfpwing river have Gemerator Site QA PPs that have hesn approved by the
DOE.

The DHE should show that the QAP Pz were 1o foree far the colleckon of data for the
TWBIR. T is likely that the appraval of al Teast saime of the QAP|Ps by CAD poyt-dales
the accumulation of the 'TWEBIK data.

The CAG (Compliance Application Candanee for 40 CFR Part 194, EPA 402-R-05-0143)
stotes (p. 18-19) that the EFA expects much more information on waste charactedzation
aclivikies and yesomplions than iz ingluded i this section. Among these cxpoctations are
several that eelate lo objective evidence for varipus QA aclivities; a listing of dales when
conformation to the MOA standards for each activity became effective; a description of wot
poly [ bul pringipal canlractor QA assessment acliveidies; and the schedules for these
activities. None of these are supplied in the CCA | thaugh Appendix ATTD lists by title
iwhech 7 pol 4 despoption) and date a2 general list of assessments that includes CAQs
waste characrengation assesermants, The Tisl deer not hawevar, show sssessments by
"principal conrmastors”, which for waste charactarization would be the generavor site A

PO gTans.
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Zection 5.1.2 Environmental Monitoring, Moojtoring of the Perlormance of the DHisposal
Syateny, and Sampling and Analysis Activitles.

Pape &5, Lineg 3038 The maonltoreag plans required by 40 CFR § 194 42 detpil the disposal
sysient mamiloring program Neo!l wifl be implemented durteg pre-and postolosure of the PR
This pragram witl be implemoented by the WID wnder the (3d progrom described in this chaptor,
SNL Actvities: None, WIEY Activities: Comdeel performance sromitorieg. W0 Dociments
Hoferenee Appendices MON qapd EMP,

Lires 30-3F are the complete scction. The sectian offers noe demonstration that the
"monitonng plans” have been established 1n accordance with the NQA standards; the
"ronitormg plans” ate not even identi fied, though one can mfer that the appendices may
canlain them. The secttan itself offers oo deimonstration thal a QA prsgrem adhering o the
roquiremients of the NOA atandards has bacn cstablishicd and executed for the Gitubar areas--
no A documenls specific be Lhe aclivities are Listed, no procedures that would demonsiralc
Q4 reguirstnents at the working level,

Environmmenial monitoring aclivities, and asgosated satnpling and analyses activities, have
been condueted for years by the WD but oo mentton 8 made of JA for thia cffort.

The referenesd appendicss do nol centain mformiabon which demonstrates execution of the
MNOMA atzndards, even for the pre-closure achivities that huve heen in operation for years.
The QA secton in CCA Appendix MION simply states {p. MON-62) thal fulure work will
be controllzd by the CAQ QAFD Rev, 1, and that the DOE has "agreed w0 adopt QA and
quality tontrol guidﬂn:e" from the M)A standerds {the DHOE opanion 15 that mndance for
QA is not a requirerent, and thersfore need not be addressed). CCA Appendix EMP
dezcribes in peneral terms the (XA propram for enviranmental mmoaitoring bul does ot
ilemuensirale (hyl il has been execuled. The descriplion 13 in torms of 10 CFR 830124
{frern which DOE Order S700.6C was derived), eot the NOA standands, thoygh a tohle
(Table 8-1 on p, 8-2) atiempts & cross-refcrence to NQA-1 requiremerits.

The mapping of 10 CFR 830120 or DOE Order SMRLAC requirernents to the NQA
standards 1z not & satisfactory procces—nor a mality one, NOA-1 alone centajns ghout 30
pages of basic and supplemental requirements (ot counting definitions or suppestad
practices); the §830,120 requircments cover ahoul 2 pages, To liod 34 pages of
reguircrents in 2 pages of mformation would seem to require an exceedingly imaginative
approach.

It upprars that 40 CFR 194, 2202)02(11) raquirement for damonsttation in the COA that e
gualily assurance program in conformanes with the KOA standands has been estahlished
and executed for monitoring has at best anly been partially met,

The CAG expecrations seem 1o have beeh 1goered completcly, unfess "conduoet
perfommance moniorng” san be considered a "list" of quatity affecting activirics,

Section 5.1.3 Field Measoremenis of Cealsgical Factors, Groundwater, Meteoralogie, and
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Topographic Characteristics

Pare 55, Lines 43 te page 5-6, line 4: The cuwrvent WICFE aceivities related to field
measurements are conduceed fv e WY and include several areas, Measurements of geologic
[factars frofude. .

o statements related to QA are attached to the description of reasuremert of geologieal
factors,

Page 50, Uoes f-13: fa FEA%, the BEA revienwed amnd commented om aruch o e aloter codfenced
B éhe DOE during the site selection and site characrerizaifon pragram. Afler this review by
EPA geclogisis, hydrologists, and other scientists, the EFA vreached concluzions regarding the
qaequary of the [R5 sife cheracrerization program and the reasonahlenesx of the pite
characterization activities. The EPAS independent reviews and vonclucions regarding tha
erdeepicrcy of the diuia were supplemiented by the indopendent reviews comduciod by the Naltona!
Arademy of Sciences. Thergfore, the DOE considers the adegurey of the 04 program and the
dava colicored during sive sefecion and chorgoierization (o De ytsecion,

Substantially the same argument was imchoded in the earlier version of Chaptrer 5 that EEG
cormmented on {Meill to [hals leteer dated July 13, 194}, The EEG comment {p. 3 of the
enclosure) noted that;

This iz witenalile on several grounds, not the 1easi of which is that (he
WK{VF is for compliance with 40 CFR. 2686, which has no roquitement
that QA programs mnst comply wilh the 198% verzions af KOA-T,
MNOA-2 Part 2.7, and MOA-Y, = 38 found n 400 CFR 194

The DB responac (p. 4 of the enclosurs to Dials-to-Meill ledtor reccived Aunpust 9, 1896)
ws g2 follows:

Wea agrec with the comment oo the Mo Migration Y aniance Petitian
(NRIVF) and had abready notsd this. We heswve updated thiz portion of
Chapter 5.

The otly subslantive differences hetween the two presentations of the argument is that 1) in
the most cecent vession, a statement thal the EEG also cendocted an independent my e
and was in aureement with lhe BPA and NAS conclusions haz been dropped; and 23
referencas 1o the gource document were dropped.

The uroument 15 lodigrous 10 2 docurnent writen ta show comphanee with 40 CER 194, A
larpe part of site characterization data included in the COA has been perlommed sines 1989,
rhe MMV P i3 concemed with disposal of chemnical wastes, not the radiclozical component
that 15 Lthe §1794 concemn, and the mapar concem &t WIPE (plutorium i3 not oo die list of 40
CHPR 208 hazardous componcnts), DA approdches and phibisaphies have chagged in the
mlervening years; the regulation (o be complicd wid is different for e CCM (49 OFR 191
and 154} than it was (ar the NMYVP (40 CFR 268); and 4 Jemonstration of establishment
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and execution of a (A propram that adheres to the NQA standards was not a requirernant
for the 1989 MEYP.

Meither the "Releranees” not 1he "Bibliography™ a1 the end of Chapter 5 contun #n entryr
for either an EPA docwnent, or an NAS document, concenning the 1989 VP, The
aceueacy of the DOY interpretation cannot be verfied without proper reltrencing of the
goUrce documents.

T May 31, 1296 dralt ol Chapter > (p. 5-6) meluded Lhe stalement (bal;

These conclusions were issued In & docurmznt kdtled Backaround
Dwpoument for the LS. Emamernettal Protection Ageney's Proposed
Decizion on the No-Migration Yarance for the 1.5, Department ol
Energy's Waste [zolation Pilot Plant,

Mo Turther information v his document was provided i the hikhoyraphy of the May 31,
1994 draft Chapter 5. Ome of the EE(Ys canuwnents o this draft was that docurments were
not reforenced in A manner which allowed maceability,

Page 54, Lines 15 and {7: Topographic charactadsrics were cluaracterizoed early in the site
characierizetion phase of the WIPP praject, amd the (4 of dowg from that pericd is addressed i
ded@if it Seetion 3422

Secton 5.4.2.2 discusses m very pencralized vemns the Cwalitication of Existing Drata
{QED) pracess [for data {hat was nol collected under sno N progam ) and ineludes
o comanentary specific to measurements of topagraphie chareteristics. Reference to
this section implics that 8 demonstration of adherence to MO standards for
topographic charactenishics as reguired by §194,22¢2)(2) cannet be perfonued.

Fage 5-6, lnes 20-21: 3¢ Appendiz EMP for Od controls appliod te momisoring activities of
Frmundwater well lavelr.

Thea sechon of Apperdix EMP conceming groundwaler {Seclion 5.4.3, p. 5-12) dacs not
include any (A information; the A seetion of Appendix EMP does nor discuss
establishmenl and execution of NOQA requitements (ses comments ta p. 5-5, lines 30-3%
above for additionsl data on the QA secton of Appendix EMF ).

Page 56, Lines 23-35: The following kdentifics the applicable grialitv-affecting activities, {4
tineumenty, and examples of suheoniractors for the principal porticipants, SNE Acinaties:
MNane.

ANL was responsible for mast aof the measurements of goolegic facrors, including the
"eire sclection and characrerization prowram® mentionsd i his seclion, To state that
there were no ShL acvilees, A documents, or subconmactors is Judictoos.

HITY Acgivitios:
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g mention 15 made of the WIL metecrelogieal maasuraments or associated A effors.

The WID has me=asured meteotolome charectemisiics at the WIFP for many vears; Section
2.5.2{p. 2-178 ff) of the CCA indicates {hat dala was wsed in the CCA from WIL
enviranmental monitoring reports from 1991- 1995, This section of Chapter 5 shaukd
demonsirate that a {}A program adhenng to the requizements of the NOA standards was
estahlrshed and excowiel for these dala and reports,

Appendi: EMP also containg a section on meteoeologice] manitarirg (sectjon 5.4, 1, p. 5-
L b} which scates thai:

& Chraliby Assurance Project Plan (AP P 15 being developed for the
gollzchion of metéomlocieal data use [$i€] for raeulalory purposcs.

This QAP ay be neceasary before demonstration of establishonent and eXxectition nfla
qualicy assursnce prowmam Lhal acdheres to the KOA requirements can be made.

Appendix EMP section 5 4.1 lists the requirements dociuments for the QADP. Thoge liastad
do nor 1nclnde 40 CFR 194, the NQA standards, or the CAQ QAPD Beviszion L.

Page 5-6, lines 36-39: BID O34 Dhoveonens. 0 02-F WIPF Groundwater Monitoring Qualivy

Aszurience Plae

The title: of thiy document snce Warch 3, 1996 (sight months before the CCA was
published) has baen "Crroundwater Sutveillanes Prouram Plan, Revizion 3"; it oot a
"Chality Assurarce Plan”, but five of the 25 pages (pp. 5-9) have brief sections addressing
cach of the 13 NOA-1 Basic Requircmenta.

The QAPP Jor collecring metenrological data described in Appendix EMP 35 nal Listed
arnong the WD A documcnts.

5.14 Computations, Computer Cades, Models, and Methods to Demonsirate Compligoes

FPage 5-7, lines 9-10: Compunations amd campteler codes usedd ju dewonstrate conplionce with
A0 CFR Ports {8 and 199 are coniralled asz deacribed in Section 5,320,

Aeciign 5.3.20 12 2 general desenplion of computer sofware QA for the WIPF. [t does not
address computaiions {which are nos always performed on 4 computer) and does not
demomstrate 1the sstabishment and exceution ofa QA propram which adheres to the
recuiretantz ol the NQA standands {or compuler godes. TL alao does not describe the
process for controlling the mest impornant of somputer cades Gor the COA, those related o
performance ussessment {PA}

one of these PA codes were properly qualified {as prescribed by NQA-2 Pad 2.7} [hr aze

al thie tire the PA calculalions used in the CCA wore petformed {zee po | In Attachinent 1
of the ERG July 11, 1496 wialker-to-Meill nemorandwn, "CAQ Aodit of 8NL PA Tune 17-
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21, 1990", imcluded here as Atachment IIL for a nvote complote discussion). Soine of the
unportant docwmentation for perkaps the most important computer code, BRAGFLG, had
sit]l nol been vompleled in December, 19M—1wa months after the CC A was submitted, and
several mors months afer the PA for the CCMA was ran.

Page 5-7, lines L1-16: Sofbwere supporiing complioree foll inlfo sne of three catepartes. Tahle
50 lises tha corpliance Baftware accorfing o ceregarn..

it is unclear why the three catezorias are described, as na information on the diflerences n
(34 among the various categories is supplied. ‘Were these three catapories graded
ditterently for (A purposes?

The stalement rmplics that all seftware supporing compliance 1s te be found i Table 5.1
[which lists only SNL's PA-related sofbware). Other soflwars {datz acquisition, WWIS,
facility design, KDA) are discussad later in this section (7. 5-9, lines 14-30), bul thess are
ot identified in Table 5-1. which is titled "Computer Software and Codes”.

Page 5-T, lines 19-37: S&L (W4F 0-2, Cialitv desuroece Reguirements fav the Soleciion and
Bacamentation af Parameter Foadues Used In WIPP Performance Asvessemenl.. e fowr
parameler ciegories that are wied i current complianee calosbations are_ 1. poriaelans
derivedd fropr ecperimentsl dola,. 2 parameters reprezaniing frventory of the warte.,. 3.
parartetevs regresaning pinevical romsianis.. . paramaiers the! are model ronftgyraiom
BaIPamerers or thed are assigned based on asstimed correlation of properties between simfor
maglerigls.

1 is unelzar why the description of the four carepories ol parameters 15 included 10 a section
that should be dizcussing QA for computations, compuater codes, maosdels, and mechods,
Dhscusson of parameler calewenes are nol a pard af lhe requirements af either 40 CFR 191,
194, the CACG, or the NOA standards.  The categaries are mate praparly descnbed in
Appeodix PAR (p. AR 1)

Sinee SML's QAP 9-2 and parametet categonzation 12 mentioned, however, it should be
pranted aut thal parameders of the: 4th 1ype are divided 16wa 1ype 4a and 4b 1o the version of
AP Y2 curcent at the time of puldlication of the CCA {Revision 2, eflfective 0%-12-946; sex

p. 3.

Tt should also he paineed that vanous wmoups of paramelers are not reguimed (0 complyr with
the compiate QAF 9-2. hona of the parametere entered into the PA databage belora 11-28-
W5 arc required to comply with the quality-affecting porticns of ¥-2 according o Revizion 2
(see p. i) which wus cumrent when the CCA was published, Revision 1 did not require any
af lhe Lyvpe 4 parameters Lo comply with AP 9-2, thowpeh %2 could be used al the
discrotion of the Parameters Task Leader {Rev 1. p. 3} Tvpe db in the cuwrrent Revision 2
are the "modot configuration paramelers™, and arc cxcluded from the rogquircments of QAL
-2 {p. 3 cf Revision 2},

---A8 they are not used i curenl complisnees cxleolabions and therefors arg not
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subjeed to this procedure,

(AP 9.2 requircs, amony oiher things, that the necd and indended wse o 3 parameter bha
documented; (hat the raticnala for the parametet eboice (the value tange) be documented,
ar.d thal documentation of the patameter developroent be relerenced or attache] to the

Farm $64 (which is a form cesential to tracing of parameters). Thesc roquiretnents are
urique e AN 9.2, and should be required of afl paramaters used. Asswning thar the PA ig
conzidered a scicrtific investigation, the CAS QAPD Rev, 1 would seem to require use ol
Al 9-2 for all hat the encludeqd type 4b parameens nnder the dictates of Seoiion 5.1.B.
A1.0, 500, 5.1k, and 3.1 .H (othar sactiong may 1150 apg v

Fioally, it seems useful to note that parameter data in the CCA (in Appendix PAR) 1z not
neccssarily the samc values a5 was uscd in the running of the PA codes for the CCA. For
cxample, Parameter # 3148, 2 concrete compressibility paranieter. is listed in Appendix
TAR a5 having a value of 1.2e-9Pa, bl is shown i the code listings for the COOA (not in
the CCA; gl SNL) ag 2adec®Pa This dilerence is apparently due to Appendis PAR being
taken Lrorm a later data®asc than the one uged by the PA codes for the ©C4. The
information and deta i the CUA should be the same data that was weed to demonstrate
compliance,

Page 5-7, line 39, to page 59, line 2: A sot of screening cffarts, comprized af calcularions dmd
reasaned areuments, has een Wentified o halp dafine and fuild confidenae in eisumpions,
tala seiv, arnd concepirecl and aupeneal medels on which fhe performance osyessmanf i $his
teprlicariton is baved. Assessing the effeciy of features, evenls, and processes (FEPs] on svetem
PoHGEIARCE i5 & primary compona in conceplual mrodel development.,,

s explanation as o the definilion or purpuse ol "screening eMisets” i3 supplied, and ihe
tenrimology is rather obscure. The calculations and reasoncd arpuments are naad to
fdeiemming whether or noL B2 inelude comstderation af @ FEP ina mslel], b this 15 not
exphained in the g2y

‘Fhe connoction berween acrecning offorts and the reguiremcnts of 40 CER 194 22 or the
WA atandards 15 not mads clear in this secton. As with the parsmeter cateponzatons,
this is nal w QA descriplion but a descrplion af an operational process.

MNn soreeming eftaris alher than thoss for FEPa are identified.

Page 5-9, lines 4-10: FEP sereening s phased, Phase T FEPs are those that could potentially
affect corcepieal ardior wumerical wodels. Phoase If FEPs are thuse thaf coudd treed
mirameiey inpad fo the nimorical models. FEM soreening anafvsis plans for Phoese [ ond Phose
ff FEPs were developed and cortralled in acearderes wigh SNL Q4P 21

Phasc | and I1 screcning were only performed scparately so that 5L could meet deadlinas.
unel eoder SN QAP 9-1 could have #asily boen wilten as @ singlc analysis plan. The
necessity for descnibing them in the CCA chapier on QA is not apparent.

SEG Deview ol OCA Ch. 5, DAL 2 17 0l 37



FEP% seresminy 15 an arsa of sontravarsy all 1ts own, as 40 CFR 194.32(e] requires that the
CCA ipclude docementation of the reasoen for excluding any identified processes or events
thet may affect the disposal system during the regulatory time frame, The DOE ongnally
devalaped a list of nearly 1204 FEPz; the dmfl CCA {DOEWTPPAC AQ-20548, March 51,
058 considersd abowd 300 FEPs; of the 90}, abent 300 were addreszed by Phage [ and T
screcming plans for the COA, and 89 of these were "screcned in” to the CCAL Mo
documentation, or screening analysis plans, were developed for the reduction of the vast
ijurity of the nearly F200 FEPs to the approumately 340 included in the CCA.

The FEPs which wera to he addressed By Phase T and [T analysis plang wers not afl
adlez]uately documantad. The EEG asked for information on 31 of these FEPs (Neill-to-
Dhals 1etter daved July 11, 1994) and the response {MeFaddeo-to-Dials letter dated Anpust
2, 12960) was that screcning informaton would be rupplicd only in the CCA--though the
analyzia plans indicate sereening decision packages were o be kept for sach FEP. All FEP
soroenmng decisions should hava heen perﬁ:mﬂed according to a reviewed plan, and he
adequately docwmented. $194.32{e) requires the CCA lo include documentation of why
those aceeenad out wera not included o the PA resultz, Thi= waz not donc,

Page 5%, lipes 10-11; dddigionally the INE and SNL have provided oversight of the FAPs
SCTeERIng Process i e form of detaited audits and surveilianees.

Failurc of the DOE and SNL detailad audits and sutveillances o dhseover and require
resolution to the FEP scréening problems described above dnes not establish confidence in
the: applicatios of the quality assuranee process ro FHI'S,

Fage 5=10, Unes 20-23: D Documens, WP (6007 WIRP Computer Software Cualin
Azsurance

This document was replaced by WEIG-IT 31T, Rovision O, which has the same Htlg, on
226 {a manth befere publication of tha CCAY

5.1.5 Expert Judgment Elicitation

This section simply slates "No experr judgrnent activities have been identiied” (p. 5- 10,
line 31). There have beon many expont jedgmcnt actvitics, the guestion is whether ar not
any of these should have heen performed under the lommal ehalation precess regelated by
HPCER §194 26,

Some examples of expert judgment activities wsed in the COA lollow. Expett judgment iz
a part of the passive pstitucdenal eontrol development process aceerding to the WIPE
Passive Insttutional Control Peer Review Beoportdp. 4-3 and 4-4), Numerows paramc::rs
wged im the perfermance assessment are justi fied by "investigator judement™ o

"professional judement”. A November 14, 1995 RE/SPELD [ac. memnrandu.m (RICEPE s
Pretfle b SNL's Liane Hurtado) pullings as part of a task plan "sohicitation of cxpert
opinion” for astabliching seals parameter vahies, and execulion of this task plan would
geer to fall directly onder the § 194,26, Expert Judgment requirements.

ELL: Revirn of CCACHh S04, oo 180l 27





